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3 The military-developed curriculun miterials in this course
package: were  selected by the National -Center for Research in
" Vocational Education Military Curriculum Project for dissem-
ination to- the six Tregional -Qurriculum Coordination Centers and
other instructional materials agencies: The purpose of
dissemifiating these courses wes to make Curriculum materials .
© developed by the military more accessible 0 vocational
educators in the civilian setting. - ~
: The course matérials were.atquired, evaluated by project
staff and practitioners. in the field, and prepared for
' dissemination. Materials which were specific to the mlitary
were deleted, copyrighted materials were-either amitted or appro-
val for their use was cbtained. These; course packages contain
e curriculum resource materials which can be adapted to support
-~ yocational -instruction and curriculum development. *
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fhe National' Center for Research ‘In-:

the- ability of diveise agencies; institltions,
- and organizations to solve. educational-prob:
. lems relating to individual caréer planning,
 * . preparation, and. progresswn. The National
-Centér. fulﬁlls its. mission by:

0, Generatlng knowledge —through research

~

. Developmg educational programs and
products . -

. Evaluaung mdlwdual program: needs
and outcomes .

e Installing educatioualtpfogra_ms and
.products

° . )
< Id -

. e “Operating.information systems and
services

e Conducting leadership. development and.
‘training programs
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> an. acti\;jty,‘to increase the accessibility of
‘ tn@litary-developed curriculum materials to
’ ~vocationa"l‘a'nd'téchnical.educ’:atbrs.

Thts project,,funded by the u.s. Office of
.Education, includes the |dentlf|cat|on and
acquisition of- curncqlum materials in print
form from the ‘Coast ‘Guard, Air Force, L

Army, Marine Corps' and-Navy. . .

-
) . *

Access to mtlltary curriculuny materials is
provided. through a “Joint Memorandum of -
" Understanding” between-the- U.S. Office of -
Education and the- Department of-Defense.

"The acqunred matenals are; revnewed by staff
and subject- matter specialists, and courses -
deemed applicable to vocational and tech-

‘ .:mcal education are-selected for dissemination.

The Natlonal Center 'for Research in’
¥Yocational Education is the U.S. Office of

- ‘Education’s dessgnated representative ta” .
acqumrthe materials and conduct the pro;ect
actlvmes. . -

s

te

G Pto;ect Staff

Wesley E. Budke .Ph.D., D|rector ’
National-Center’ Cieannghouse o

_Shirley A. Chase, Ph.D. :
Pr01ect Dlrector

o

t‘[l{c

» IText Providad by ERIC.

v

a -

What Materials ,
Are Avallable’? :

One hundred twenty courses on microfiche ~
(thirteen.in paﬁer form) and descriptions of
each.have been provided to the-vocational
Curriculum: Coordination Centers and other
instructional materials: agencues for dissemi-
nation.

»

. ‘ o
Gourse materials include programmed
instruction, curriculum outlines, -instructor
guides, student workbooks apd -technical
manuals.

The 120 courses ‘represent the following
sixteen'vocational-subject-areas:

Food Service -

. « Agriculture .
Aviation Health
«~ Building & Heating & Air
Construction Conditianing
Trades Machine Shop
' Clerical * Management &
Occupations Supervision -
Communications  Meteorology & ~
Dralting o Navigation
fEIectromcs ‘Photography

Engme Mechanlcs Public Service .-

The number-of tourses and the subject areas

o

represented will expand as additional mate- -

rials with application to vocational and
technical education are ldenuhed and: selected
for dissemination.

¥ . o~

* How Can These .
Materlals Be Obtalned

L!R‘..(::.:Z‘a. Drsans b bases
Pripe

l-‘
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-—Contact the Curnculum Coordlnatlon Center S

Cmedn your reglon for’ information-on obtamtng
- matertals (e. 9. avatlabthty and. cost). They .
< will reSpond to your-request directly-or refer '

you-to an mstructl.pnal materlals agericy
closer-to you. |

¢ .

CURRICULEUM COORU“J’\I |0i§- CENTERS

© . NORTHWEST -

EAST CENTRAL

‘Rebecca S. Douglass ‘William Daniels
Director Ditector

100 North-First Strut Building 17

Sprmgheld L 62777 Airdustrial Park

Ren s g

T
&

) 217/782-0759 . Olympla WA 98504
. 206175370879 -
MIDWEST SOUTHEAST, ’
Robert Patton James-F-Shill, Ph.D. .
Direcgor Director
* 1515 West Sixth Ave.  Mississippi State Univers:ty

Stillwater, OK 74704~ ‘Drawer DX.
4!‘5‘[377 2000 Mississip:pi State, MS 39762 -

601/325:2510 . °
NORTHEAST, * ~ WESTERN
. Joseph.F. Kelly, Ph.D;  LawrenceF. H. Zane, Ph.D.
Director. . Director. -

1776 University.Ave,
Honolutu,-H1 968%2
808/948-7834¢ -

225 West State Street
v Trenton NJ 68625
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-t Course Description: L s . °
s

This course wes m to provide the nudontwnh background information on -Ioctronic oommumcmom. It discusses tho fundmnt.ls of communicss
‘thone, communication medium snd oqmpmom, snd maintsnence and sefety. The text. is used as m mtroductuon 10 many, couuu ancl mcludu mfovmmon

- ‘omﬁmmproe-dummdmipnmtuwdluminfomoﬂon. ‘ o . "

- The course consist of slevan sssignments with ohimhm. readings, and review exercisés. Five.of thoﬁ cesl with mclit&y procedures and oqmpmom ‘almost.
‘uc!uwv.sothwmm Tmmnxmnmmmmmd b-low . .

s

“

Auignmtnt 3 = caninunicathn: M dueribnvcrlom types and opomuom of electrical, visuai, and sound commun ication; explaine
' the d\onctormla of the ndnphom, facsimile, ndiotclognph, and telatypewriter; describes ,gnqucncy bands; identifies
lpplimms of frequency lpoetrum tor long dhune. commumcatuon covers the cap.btlltln, functions, snd Opomcom of’
‘ mitdnd mtwqrh and. idomifiu the aummrmia of mmmnuon 'systems, and carriers. This uugmmm describes the
* process of moduloﬂon and ldtntcﬂu the opomionol chonctorhtia and uses ol singls ndnbond microwave end scatter

tfansmissions. . . . - . i .

N s P ’ * [y =

_A‘hionmonl 4 = Satellite Oommunmn'om Wave Propoptlon and Antennss dcwnbn commumuﬂon satollite systems and identifies specific |
. satellite end sorth. terminel d\ommrmlcs, oxpleins the role of satellite eomrmnicmommd identifies advantages and limita- * :

Assignment,5 -~ Wave Propsgation mdﬁnm Icomlhuod), Communication Trammlmn and Rmvm, Facilities Control Opomoom
ldouddltiond cmrmima ohlmromunmc wavas and.factors affecting wave probmmn idcmnfm the pﬂncnple s
and chmwmica of eomumatlom mmmmmq and receiving oqmpmont dncnbu the purpose of communications. . ‘
wmm! dourmlnu the ‘various stages of signel flow of a secyre commumcnt)on systom, ond describes futurn common ) 24‘
\
|
|

tione. Choncmima of electromagnetic wm snd factors offmmo wavé propsgation are ol:o covered. | 1‘

' 10 ail mtchbolrd opedations;

.

Faclmia Gontrol ¢ Omriom (oontinmd) ndontufiu the Uses, functicns, md cheracteristics of kny convunn and converter:
eompomor groups: dueribu the mothods of divarsity operstion; covers-the purpose, operating principles and compomnn v
of 8 muipux systom, and determines-the purpose of and the basic instellation: rtqmumoms for- dustnbuhon frames and : .
‘patching f, hcnlniu. The functions 91 the dummn types of patch cords of & pntch pang\ and characteristics of the pltch .
* panel are :dcntufwd. Dugml ugmh, ec tolotypcwmcf circuits, and dmomon e discussed. . e
2

1
\

. . t
- ‘

i

\

\

‘Assignment 6

Malnmnc' and &hty expleins various types lnd levels of equipment maintanance; déscribes momtmnnco mlu cleaning
pfoadurn, and core of electronics equipment end air: filters; descrives care snd preventive maintenance uqmmncnts for |
) ;‘ teletypewriters, typmmn, hudphom, and mncrophona. and discusses ahty precwtlom R . . ‘
, . - b & R L I , |
_Assignment 11 ~ ‘Maintenance md Safety. (contmucdl covers safety prwuom and proccdurn to follow whan workmg on elactrical

Bl equipment, the causes and ‘sffects of siectric shock, the hazerds presentad by oloctromc eqmpmont operating at hlgh

fnquom:m, and the safety precautions to follow i in handling athodo ray tubn and cleaning -lcc(romc oqmpmcm

Assignment 10.

I3

.

b chh n&mmont is ommnd eround lesrning ob,cctum, readings, and sxercises. No .mwcn are provided for the .xm:ms Tho course is dengned . ’ .

-, - e

T 1or student sol'-nudy in bulc and sorro advanctd commumanon principles, o . " .
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¢ COURSE. Taazc"rxvz

‘Nh;lé'compleéing this course, the student will demonstrate his

Group . cﬁiviticl: the mission, policy, %pq various organizations

of Naval Cqﬁnuniéltioﬁs:,vi:iigiéns of ﬁhe ipp@ébhoze and how they
< affect radio treégb@cics;-@i?fezont antgpna configurations and how
. they are used; the,functiohs of communication transmitters, receivers,
;ndhtezm;ﬁal equipmént:; the operation of:a secure téletyge communi-
¢ati,nl system; the ba;;c-meslagg format and the rules of prepaiatipn
for AUTODIN and DSSCS; communicntioé éividiop adﬁinibt;ltion including
typ s'lnd acqoﬁntabiifty,gf publ;cationlﬁ,and-}lrst aid.‘
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adapting this- material for inclusion in the "Trial Implementation of a

Y

Model System to Provide Mixitaty uurriculum Materials for Use in Vocatio:ai

and Technical Education.’ Délet ed material involves extensive use of

5
f . ’

military forms, procedures, systéms, etc. and was not considered approptiate

¢

‘for use in vocationdl and technical education. ; .
" CUPS 2 v
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3-8, Wbichz etetenen belov is true concerning/’ .

“ e ‘s - —

S . ' Léu-ning ObJectin." Recomize the
- g types *and.operation. of - electrical,
g , - visual, and sound co-unicetion used-
in the lavy. e S
@ ,
i< -
y -
Y
QO -

e

3-5. In- order to ensure; ma.ximm contz‘ibution
‘to the miuion of 'ﬁhe comn.nd, the ccmuni-
cetor lhouid .
xf quelify ol * lpecinmet in electroniel; -

o cation fl.cilities‘ he mel IR ]
3. be familiar-with- the linitet*lonl and
. Acepabilit*el of aelected conﬂuni-
. - cation systems . :
k. , thoroughly \mderltend co-mniceticn . '-‘;’lz,
theory o!; specific(typu -of! equipent

3-6. what are the 3 typei of teleconwnicutione “

uied in the. llnvy‘t . .
1, meptricd,. eigna.le, eound - ©
2.¢ Visual, sound. eisns : <o,
3 mectricel,. viluu.l,, sound. _
* k. TFlectrical, vieual, hnsel A ﬁs
3-7. Hhetdt/m the -means:of cm\miceting T
electx'ice.uy‘t‘ . - L
1. Radio’ . ', - .
¢ 2.  Wire- ) L,
3. Jphysicu.l peth bet'reen lender ead .
‘receiver * . ' . : -
lo_. Both: (1) ang: @ ; .

.-

re.dio‘t
Y *Redio uses electroneg:{eticf vaves
tarried by electrj.cel cgnducton Vs
- Redio uses. electronngne’hic ~v;vel nqt
. ,g\xided by & phylicel pnth bet:veen
. lender and rece‘.lver o ‘
3. Redio is the Navy's ‘1eut :Llportent
means of co-mnicttlone -
k,. The seans of.coumnicating electricelly
- are exclunively ‘by ndio <t

3-9, What-is the main edvantnge of ,udiotelegru—

Phar‘f
1. -Tke- relutively high lpeed of tra.na-

niuion IS T .
2. The\requireunt 67 not .- nl.ny : R

&0 experienced operators ,
3. Relio.bility . .
4. JNone of .the abave ‘

2. possess an undersvanding' of ‘the comuni-' S




\ N . »

o 410. Because. ‘of 1ts. directness, conVenience
co o and ease of operntion, .- " 1s. one

= o of ‘the. most. u&eml military. co‘imunication

s methode. -

: a

R - © 3. teletypewriter:

: ! L, Lacsimile - ’ )

T ' 3-20.

<

3-19.

radiotelephone- .
rcdiotelegraph .. L

For itens 3411 through 3f1h select rrom ‘column
. B the e1ectricc1 telecommunicctious system
.t ) described 18- column A. oo 2

4 3-21.

- Description
©3-11.

1. Radiotelephone

s

A-réliable manual’
'comui:i:citipg system . 3-22,
0 N . + 2. Facsimile )
“Used-mainly for- -high. - )

h . speed autoxutic rcom=
T munications - N -
- - &4, Teletypewriter
,3-13: Vo.lua’ble for-.short .

: - .range- ‘tactical cou-uni- I
-cations . . L.

3-1k.. Process used to

. i tra.nsmit photo-

e .. gaphs -and- che\rts-f -

: .
RN e 3 . N

3. Rediotelegraph

= PR .\w,‘~ -

lly more

E - 3-15. ' Visual comunicati' nzg%re nQ

secure t‘xan radio,,\.:';'}l, gt

e~ -1

T L —— 3-23.

el . 3-16.. Which risual com;mication system is the.

) princi]gal mea.ns of tr;nsmitting brief
tacticcl meungel,'between ships: in com~ .

. pany? | )
Radiotelephone= . ¥
Flashing 1ight e
Flaghoist w
Semaphbre . ’ ..

m———

N © L
. S 3
; . . L ] h.

3,-17 Which of',the following .methods of visual
; . T comunicntion is the most secure?
L 1. Flashing iight

. : 2. Dirdctiobal fleshing light
3. KNon d'irectional .lights - ®
4, Directioml infrared

i + 3.2k,
3-18. What 45 £hs best visunl signcl substitute
- w Ty for hundling administrative trafric vhen
e L - radio silence is imposed? R - i
’ 1. Directiondl f-lcshing light .
. e j‘lqhointe
3, Non-directional lights
b, Semaphore”_ . _ =,

L
- T ‘ g - :

v . " ' .

N

used by ships fer transmission of emer-
.gency warning signals? \ .
1.. &irens
2. Acoustics . !
3. : Whistles o
4. Bells . - -
Sea italk is used for which of the follow~
ing purposes?
1. Re‘diotelepnone
2. CW )
3: Both (1) and (2) sbave
L. Sonar omly
Use of pyrotechnics is normally limited
-£o- Cwicomunice.tions’. i \‘
What 1is the principle regulating bt dy- .
for radio communications worldvideg
1. ITU 4 . |
2. FCC- \
*3, Office-of Emergency Planuing.
k. COWAVTELECOMM ‘ .
N _ .
A Y {'l
Learning ObJectiva Recognize, the “
fréquency bands: and identify ‘the
application of” ’che frequency spéc- l
trum- for long distance comunication -
3 K /
5 /[4‘
Which of' the followin‘g statements is true
concerni U.S.- frequency munegement”‘/
1. The president has delegat®d authority =~
. for essignment of radio frequencies
. used by non-government -agencies to ‘the
Pirector of xelecommunications T -
‘Management:
2. The FCC is responsible to Congxress i‘or
" regulating. frequency Adse by U.S. «
Government activities
3. The cssigpmen;: of a1l !‘requencies used
by eny component of ‘the: Navy 1is the N
s responsibilit,y of QNO LI
4., The FCC is responsible far regulating -
frequencies used by the Federll
Government agencies s \ s
A frequency of 75, 000 KHz could be\

[N
]
Wh‘ich sound communication systbm is not

expressed as

1. 7,500 ifHz \ ,
2. 750 Miz O
3.. 75 Mz - ' \\\ o0
4, 7 GHz ' .y - : )
t\a,
N N '
f3% ' J
Y N
. AR ’
: o i PR
o




¢ ) 3-25.

3-26

R 1 &

. § i

- 3-28.

3-3C.

7 3-31.

ERIC ..

-
3 PAruiitex: provided by ERiC .

‘3.

Pri-ery relimce and’ application of. the

vir range- nny ‘be -expected for
1. -brosdcast of ltnndu'd tine and
trequency si;ne.ls
2. operc.tion of synchronous crypto .
- dévices .
3. operation of single side‘bend trans-
' missions .
k. communicaticns’ to s lu-ge ‘number of
~gatellites o
- The- diltribution of standard, frequency
and ti-e lign;ls is- essentie.l for which’
of the followins'
g1 ,Trnckinc& space vehicles _
i World -wide clock. sxnchroniution
3. ~Redio nl.vigntionl.l aids -
19.-' ‘Each of the ebove situntions
The difference in frequency betveen 13
megacyclel md 12,000 - kilocyclel is
1. 1,00Q cyclec
2, 100 *kilocyclec .
3. IOnegncyclec L . -7
k. 1 nep,cyclec . ~ .
What frequency bend include: the Inter-
nationsl Dictreu ﬁequency?
1. HF
2. N -
L3 .
Which frequency ‘band ‘relies Principally
on ground vtves and Jds uled for: Iodert.tely
long distance over: Vater in ‘its lower .por=
tion snd commercial ebroldcutiu in itc
middle portion‘r
1. L¥
30 )ﬂ' i i
"k, N z Y.
Which frcquency band would cease- .o -exist
4t the ionized layers nbove the eurth. .
aisappeared? % .
1. W e RS s
2. HF L
3. VA :
, unr
Vhat tech_nique increggq the cspccity of
- the Favy's uiimed portion .6f the HF |
cpectrut o .
1. Use of lingle—cidebend equipment - .
- Applicntion of ibdependent : sidedband
‘Satellite co_unicntionl
L *Both (1) ana(2) above "~ -~ &
- . Al
) L .
M - +
R ¥ 17
Lot L. v

3"32 .

-

3-33.

<

3-35.

3-36.

3-37. MJTOVON, AUTODIN lnd DBSCS could ‘be conr . -

What is the primary factor which permitc
reliadble ;point to point service of’ HF
cmunications" ) -

1." Large, high gain -antennas aimed \nt .

-

. 2.

%

_Learning Objective'

opposite terminals. of each- 1ink ,
2, -Path length and direction are variable
3. Omnidirectional n.ntennu
4. Saveral frequenciel are usually -
assigned i
Applicc.tion of" Ship—to—Shore comunicn-
tions in the ‘HF- band require- shipboard
.antennss to be- - &
1. omidirectional as pouible
2. rotnta.ble high gein type 5 -

3. rhombic .

4, large, efficient HF entennls

. 3-34._ Which- type of service within the ‘HF band
' normally always provides frequency

diversity transmissions so that the
terminal can choose the best ‘frequency for
the pach at the time?
1. Point-to-point
Ship-to-shore
3., Ground~to-air

h. Fleet broadcast

.

Which frequency bnnd(l) under normal cons
ditions have 1ine of li;ht chu'nctericticl?
1. MF and’ belO\'

¢

* YHF aid UHF
3, UNF and-SHF oBly .o ,
k, ER only

£

- Ceaiaar B .

Determine the
differerice between Strntegic and
Tactical Commicntionc and identify
‘the nodeuof oper‘ltion.

‘Uge of which type of comm ommunication is
usdaliy limited to-s cpecifie ares of
operntion md is uced to ‘direct or '
report- the: movmnt of specific forces?
1. Strategic comunicst*onc

2. Tactical’ coamunications «

3. ‘Duplex comunications

k, Simplex ccmunicntionl

cidered as ctrntegic co-mnicntionl
cycten

3-38. A path betyeen two of more. pointc, capable

of providingf-chu.nnelc £or- the- transmission
of intelligence is identified as s

1. cowsunication chn.nnel .

2. tr,ctice.l net - LT

3. mode ot operation

4; braodcast: :xet ‘




2

3-39. When a termidal must wait to receive an 3Lk,
. in-progress meesege before it can trans-
-mit, ‘the: technical arrangement could be. -
: terned : . . ;
1. .Simplex )
. o 2. .Semi-duplex ) e ¢
2 3. Half-duplex’ ’ .- ;
b, rul anlex . .
3-ko, The prins:y ‘mesns of, transmitting messages
v to the fleet from shore. stations is -by the
N 1. point-to-pcint method 3-45..
2. receipt ‘method )
T, .+ 3. intercept methiod : -
> 4. brosdcast method: ° .
g-UI. How - do fleet units Qetermine 1f they have
ot received sil of the nessages trensmitted
‘on-a speoitic ‘fleet ‘broadcast? S
1. By cHecking sequentlal serisl numbers 3-k6.
. to. ensure. none is missing . -
2. By requesting veritication of the = °
b number. of" messeges sent ~
3 ¥ keeping two receivers on the line
at sll times .
« & By visiting NAVCMTAs vhen in port
_ 3-k2. One of the.chief advanteges of broadcast
) s trsnsmission over intercept is its. ’
g sursnce;thst ‘messages have been-
received N
-2, sbility to verify messages snd ‘to
o ‘make: corrections
3. power to reach ships.as- vellfss shore  3-47,
instsllstions
k., cspscity'to hsndle heavy ‘traffic more
e . rapldly i .
s 3-&3 _¥nich.of the folloving statements is true
- concerning brosdcsst operstion?
L * 1. All ships copy .only certain messages 3-48, -
: on the. broadcest schedule which they N
t sre susrding
< 2, This nethod allovs the- fleet to pre=
) serve radio silence.
3. Lover precedence messages nsy not be
interrupted-to transmit a messsge of
- highier precedence ‘
;- ‘o, 4, Broadcast-reception is possible by 3-U9.
S8 choice of two frequencies
2 " . A ” - :
- Learning Objective: Recognize the-
. cspsbilities, tunctions, operations .
B ) ot the - ewitched networks. i ?
., - '
N
. s
- o . 5.
o . «
- 18

ERIC

LR A v 1 7 Provided by ERIC

What cspsbility is provided to- subscribers
» of normnl AUTOVON--service?

1 -
)

1, The ability to- comnnni ste with other
subscribers ‘on & WOrl vide basis

2, . The sbility to ‘preempt ‘high precedence
trafric QZ?

'3, Immediate .connecti

\ distsnt installations e

* ‘basis

|
|
|
|
|
- |
with predeeignsted :
Conrerence gspsbility on a random

M . ¢

By vhich mechod may locsl conmnnd volce
communicstion systeme be connected to .
AUTOVON? . \

1.

Menuslly opersted svitchbosrds

2.. Autonstic didling exchsnges
3, - Local -private branch exchanges
Esch-of ‘the above .

L,

What 1is the purpoie of Automatic Secpre'
Voice, Comunics.tions‘l
1. To reduce messnge delivery time and .

. delay ‘.

To-eliminate the need of switchboard’

operstors -

3. To provide a telephone network for
the exchange -of clsssitied intormntion

*  over officially designsted approved
circuitry .

2.

4, To provide a radio network for the

exchange of classifi-d intormation
over otticis11y~desi5nsted frequencies

An important function.of the ASC in +he.
-AUTODIN. system i3 to

R provide direct dialing service
‘2. prevent outside signal interference
3. detect and correct message errors

k. convert analog sisnsls for transmission

The AUTODIN systex is revolutionizins
communications because it has resulted
in a.decrease in ‘the

1. number of messages.being sent

2. length of messages '

3. number of skilled technicians required
L., manual handling ot‘nessages

The primery reason -DSSCS came into exis-

tence was to

1, form-a single automated network for .
SI commuriications

2, provide two separate systems vithin

© AUTODIN

3. ensure strict physicsl sepsrution or
all DSSCS and AUTODIN traffic -

4., integrate the CRITICOMM-and AUTODIN.
into a single automated network

Lo




*

LY o oed

. 3-50. Considering the AUTODIN/DSSCS high speed  3-5L.
* _environment, -which statement ‘below is. ¢
correct coﬁcerningamovement -of traff:c”
1. dll 1nput subscribers send- messages
at 100 WEM to an- ASC .
‘2. Prior to forwarding a. messuge the «
ASC must receive each message in‘-its .
entirety 3-53.

3. ‘The sutput of .a given message is -

fsxmultlngous with its _input
L.x Because a station is connected to &n
ASC, does not: necessurzly mean it will
benefit from the high- speed enwiron—
ment . -
L 3-56.
3-51; Wnich communication network exists in -
. support of -only designated Navy require-
ments?
1. HICOM e R
2. AUTODIN.
. 3. AUTOSEUECOM A
4, AUTOVOK - 3-57.

3-52, Commands afloat can communicute via voice
with counnnds ashore: using: the ship/shore
radioteléphone service known as.

- 1. AUTODIN ... -
2. AUTOVON . ;
. 3. NOBATS: :
o0 ko opsses - .

B P

Learning Objective: Identify trans-
mission :ystems, and the charucter-
Azstzcs or’l clrrier o .

3-53. A sublystem whose information- currying

bandwidth is 1imited to & voice channels 3-58. On which-of the following emission mcles
or fewer would be.clullified as s . *“dbes the intelligence carrying nignal
1. microwave system . L Lvary the carrier frequency%
2. narrowband -System ) 1. CW P
3. FPIS system . 2. AM -
k., widebtnd lylten 3. F-M
. T4, P-M” o
3-59. The space on & frequency spectrum that is
occupied by a carrier and its -associated
.- sidebands is .called a/an :
1. upper- lideb:nd N
2. ch.nnel . .
3. bnndwidth
4, circuit
3-60. What is the carrier frequency of an
amplitude ‘modulated signal which ‘has its
-upper sideband on 15,000 Kiz and is being
modulated by a 2000 Hertz note? ’
1. 14,998 KHz - .
2., 13,000 KHz
. 3.7 14,996 Kiz- -
| L. a7, ooo Kiz :
| : - s ,
. - . 19'
- 4
o b
——y < 3 -

ERIC- - S

Aruitoxt provided by Eic:

A complete cycle of a wave is xep}esqnted
in figure 3A by the distance

1. AC
2. AD
- .

The freguency of a wave is the number of
Hertz that occur in one

1. period
2.. cycle
3. phase -
4, second

The maximum value of a radio waves'energy
measuremént (is. 4. measurement of the waves'
1. frequency

2. instantaneous amplitude
3. peuk amplitude

L, amplitude

-

Thé,(A. frequency/wavelengths) and -the

(3. period/phase) of a carrier wave can. be \

varied ‘to produce an intelligence carry—
ing. lignnl.

1. A. frequency, B.: period

2. A: frequency; B: phase
3. A wavelengths; B. -period
.. A \Vtvelengths, B. phase

Learning Objective: Desc}ibe the

.process of modulation and identify

the operational churacteristfcs and
uses of'stngie*atﬂcband; Crowave:
and scttter tr:nlmillion. .

— — P




Which of the folldwing statements concéin-

In the system ‘5f single-sideband sup-

pressed carrier, at vhat point is the

carrier- suppressed? s

1. At -the transmitter before modulation
is. accomplished. . -

2. After it reaches the -pover -amplifiex
stage .of the trahsaitter’ .

3, .At the -receiver b¢fore the. demodula~

: tion.procéss -

k. At the transmitter after modulation.
is .accomplished :

Which type of emission providés for using

less power .and -2 smaller frequéncy band-

width?

1. 8SB

2. ISB

3. A=M v

L. P-M

ing SSB is correct?

X,

ISB transaission 16 used to.make up
for the lack of assential channels
that can be provided by 88B

7 2

SSB is used.on all 1ong=haul teletype

circuits

Voice over-wire. cirguits ‘between

NAVCOMSTAs dlways use SSB.

ISB suppresses ‘the carrier and filter
out s sideband, in SSB only the-carrier 3-70.

.

is. luppi:é'g'sed

) Hhigh,brgccqgii'i cgnnirycs tha f.riq‘mi\cy"’
-spettrum;' saves BANPOVer, and prevents

overloading ship-shore circuits?

What is thé most common. type of communicas .

Task &roup n

Frequency division multiplex

relayed ashore . -

Electrfnic erypto ,device; on. eircuits

used.to send classified messages
iminating manusl encryption, T,

Time division xgix1§1p1ex

tion link presently in’usel: .
1. CW o )

2. - AM )

3. MW : .
Wosss . o ..

A single sideband televype circuit wifich:
has an-electronic crypto device that

sutomatically encrypts prior to trans-
mission and-decrypts .after gransmission

is
1.
2.
3.
L,

referred tc as N

a brosdcast circuit

a point-to-point circuit
a covered circuit

an open. circuit

. 1p net utilizing cne ‘ship as-
‘a guardship’from which traffic can be

e

How ‘many’ teletype ghannels are available

10 each of -the. four 3-KHz sudio channels:
.of an ISB.circuit when frequency division

nultiplex equipment is used?

1.
2.
3.

i

8
16
52

Which copponents of the mpdula.ted signal
¢re suppressed to-produce the ISB: signal?

1.
2.
3.
b,

The upper sideband.cnly

The lover -$ideband only
Both sidebands

The carrier only- R

3-69. Long.haul compunications that use & micro-

wave transmission system are.made possible

by

1.

2.

3.
kc

aiming the transmitting and rg@civing,
antennas at the same point in spacé
with 300 miles separating the two
antennas =

forming chain.of’ réepeatér stations’
from initial transmitting station
to final receiving station

using vire cable ‘transmission: lines
using coaxisl cable transmission

Zines. . .

One of thé limitations .of micFowave radio

is
1.
2.
3.

k.,

its - . R
., high povwér requirements

[

low reliability . P
use -of a large part of tiie frequency
spectrim

narrow bandiidth

3-71. What method of trﬁiﬁissi&nTsf most eco~

nomical in- areas where construction and
maintenance are a Pproblem? ’

1.

2.
3.
b,

Forvard ‘Propagation Tropospheric -,
Scatter (FPIS) )
Opepwire landlines
Coaxial csble .

Forwird Propagation Ionospheric
Scatter (FPIS)-

-

" Learning Objective: Tdentify the
_various ‘types and uses of landlines.

o

.’rhi type of line-used. for’ thré haul
teletype circuits or keying a 5ransd-’°,

2.

3.
4.

P

‘mitter is a/an ' L -
1.

direct current ‘(f)—C)' landline
audio ‘frequency landline

.wire cables

coaxial cable
t

8
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JAruitoxt provided by ERic

3473

One pair of (A, audio frequency/direct
current) lendlires are capable of
carrying up te f6 teletype channels an?”
are- considered to he’.in the (B wxdeband/
narrowband) system. -

1. A. audio frequency; B, wideband

. 2. &. sudio frequency; B. narrowband
3. A, direét current; B. wideband
b, A, direct current; B. narrowbard-
Why is air-or nitrozen gas introduced

‘under pressure into coaxial cgble in

spaces betveen tubes and wires’
3. Keéps out moisture

.2, Aids in detecting any danage

3. Pnevents crosstalk betiween various
circults ‘n the cable

k., For the.reasons stated in (1) and

(2) above

g

3-75.

- 1. They gre less susceptible to sabotage

What is/are the advanttge(s) of under- ,:
ground wire cable?

2, They are less vulnerable to-stormsg

3. They elininate unsightly .congestion -
especially in cities R [

4. Each of the above ’

. o i
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>, - .Learning Objective. Deiﬁribe 'Y
communication utellite systém .and
‘identify specific lutollite and
~eurth terninal chlrncteri:tics.

P

4-1, What does tho Navy expect %0- scconplisr
: by ‘use of comnunicltion sttcllitet” .
’ a . Replsce exilting convgntionll truno-
-a‘ . . million nedia’ " . . -:
' i : T2, Lovar procurdment and dovolopnent
i ~ " costs for future comnunicotion‘netvorks
N 2 13 ‘Meet longhnul,comnun‘cotion demands
PIPAE ¥ for préviocusly inaccessible areas.
, ' . L, Control nilitary opcroxions witr
) “ . . _grelter reliability nnd lecurity

42, on will the overoll ‘performance of ‘the
" FPhase II DSCS bé enhanced over: the- capabil-
ity provided in -the ID”SP? -~
. o l. ‘Phase II DSCS provides for-a - greatly
‘ o tr inkreased effective radiated power
< ! ‘,2: Phase II DSCS u*ilizea vide-benm
v ' - antennol s
' .3, Phase IT satelliﬁeo are doployed in .
. . non-synchronous ordbit * ,
e b Eich of the ubove . '
L 'H43. Hhich chorocteriotic best .describes a.

P

- I passive satellite?
1. It-acts as & :repeatelr

», 2. The signal strength of & passive
, -satellite is .far ouperior to any other
* s satellite. -
Jr A; 3. -A passive satellite .merely reflects
e °, radio ‘#ignals back té-earth ~
A k. . ‘x passive. datellite will axplify the
Cse 0, ' receiver signal before retronsmitting
o ':j it blck to eurth )
e L ie
’ " Tho inclinntion of an orbit is classifisd

". - "'. B
e either elliptic;l of circultr
- c2. oynchronous i .

.. 3 °asynchronous .-

v ) b, inclined, polar or- equatorinl
* LI ’ 'f"“_,'f
‘v“ *
» ; .
a P
> B . °
M <
< - € -

P2 . -
’ . v —

N -, “ C. . P
d . R . - - L
B . ~ . v 4 v
- N <, . PERA L . R
. .\ [ . EE N
. - * .
u ’ . ., 5 e
ey, . .

e 3

If the oriod of an orbit is identical to..

4-5.
that of the earth it 1is referred to as
a/an__ orbit.
*1. synchronou; >
. 2. ' speclal
* 3. asynchronous . B

'h. circulor

~

426, Hov many: earth terminals can use a
satellite at ope time with the presant

operltionnl military communication o
satailite system? »
* 1. 2 -
;. 2.3
3. &
b, 5

3

I e

In items h-T through h-9? oelect from column B
the parameters that are descridbed in column A.

. ¥

A, Delcrigtion

B_o_l’zr_om

47, Orbit-of a sateilite 1. Angle of
nearest the center " inclina-
of the earth - " tion,

) 4-8. Orbdit in any plane 2. ?eriéee

‘not coincident with .
_‘the equatorisl plane ) §° Apogee
Orbit of a satellife at the L. Pblar
greatest distance from o
the center of the earth

b-9..

Rl

-h-lo. A satellite orbit with an angle of inclina-
tion of near 90 degrees is referred to as

a/an orbit.
1. equatorial
2. circular . . e
‘3, elliptical -t
4, poliar.
;' P
22 .
. . ) )
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-

-15.

cal <hoice for satellites? . Y.
1.’ -Solar cells . ot )
2. Storige batteries .- LT e
3. -A combihation of sola.r cells\ and
storage. batteries . Cooert T,
' b ‘ Su’nlig)'xt and energy . i
! h-19.
What developuent in satellite communica-
ticns improved bnck-up pover - durin" °
eclipses?’ : L
1. An increase of solar ceélls :mounted -on vlt-'20.
the Burface of .the satellite - T
2. Instelletion ‘of nuclear power eources
; Installation of & nickel cedmium
tattery lt-21.
&, Exposing’ solar cells to the sun con- o
tinuously N L
Why is” setellite orientation in gpace SO k.22,
importent?
1. To meet t‘he requirements of -spin’
stabil ization
2. It is e’ primry flctor used for back-
up’ paver - .
3.. To ensure thet sunlight conversing on
the solar cells is- converted to
5 electrical pover . ‘
L, Beceuse it is ‘essential thlt the m.xi-
mum numbér of the solar cells be :
exposed ‘to the sun’ and ‘that the “h-’-23
satellite l.ntenne be. vitible to.
lpprppriete eerth termiﬁelu
4=16. A small part of the totel redia.ted. enérw
of spin stabilized satellites .is “directed
tovard -the. earth by* onboerd A
1. antennas that radiate in A1 direc- “
tions. ft.roﬁhde the ‘spin axis. . ‘
2. sole.r cellg eround the- beriphery of
the utellite
3. pulsed: rndiel Yéts - - L.
L, exiel Jete : e )
. » , ot
v . A
’ - R
2,3‘ + A

*.Wneh QA tvo[thre(.) setéll,ites -are. used
te provide .coverage, over -most of the. - -

Le17.,

earth's surface; .they- would, be plehegi in

{B. near. synchronous/s;nchronous) orbits.. .. 1.. Fcur hish gain “antenrnas . ,

1. As'twoy B. synchronm{s A . R - ’I‘\ao ‘horn gnternas- . ”
2¢. A. two; B -near synchronous: ‘ ST S E umxiidirectional antennes - - E
.3.. A tlhiree; »ﬁ. ‘near synchx‘onous S }- b T HE ah-, gein difectionll antennas ”,;’. ¢ :
-l A, threé; B. synchronous a s :
L

. h...;s
LIr vhich type of orbit vill .. eetellite
" appear to-be atetionary’ " coT
1. Synchronous equetorial BT
T2, Near syrichronous P L ’,
3, Medium altitude . L " T

Poler p ) R . R

-,

thch pover soyrce is consideredn a precti-« R

For items 10-].9 through ~-21, .select from; coJ.\mn E i,
the mtenne»thet is ,describeu in coltfmn A. . 7

_ _Of ‘the 'spin akis or pefmit. monitoring of . .

What type intennaé will support earth . ! SV
comunicetfons between facilities outside e
‘the narrov- beam covera.ge in Phase II .DSCS?- . L

Whet is gained by*setellite earth terminals
beins ioceted in areas remote from thQ ¢
users?.- . £
1; Te$s transmitter power is required : :
©2, Greater security . R
-3 Reduction in thé number of entennas . o
h.‘ Reduction in RF interference . o]

'd

.
+ o .y
.- L RN

0 R O - e . ‘L "

. Lot .
A. 'f)escriptionr* 9« » B, _Anten f
Uset e perebofic Lo l.AAi!/'ié:CJk U K
antenna 60 ‘feet in " < ec L. % L ’

0 dinqeter N ‘-; S A o AN/PSC-97

Utés a pero.f:olic AT 3. AN/)BCJ&& .
antenna hO‘feet fn-. - :
diineter N L, A!/SSC-B - N '

3 " . .
e e o Pty . L A
s P

Utes e cluster of
4 perebolic o.ntennls

e o .«
e 2. [ N v . -

th is- it essentigl thet ell earth termi-
.hals Bave & cmbinetion of” high'povere@
*trn.nmitters “and ’hi;hly directiom.i, high -
.gadn‘ahtennas? . oL s
l. To overcome the up-link linftetiont oo )
2. Toénsure signa.lsure ttrong»epouch . .

to, be “detected ‘by the ntellite LT ‘
3.. To permit dosm-link opereting copdi- T
‘- . tions vithin the ntellit‘e P Lre S
b d Both i md’ e‘bove “ o :

A.~r“

r‘

"h“ unit equipnent ,1- in-to.ned 1n. ccn- S Tk
munications utelliteq to-allow changing ~ . :

-.‘v w?

the ~operetin5 conditibnrvithiw—rntgl—

lite? | - s,
‘ . “\,’ Loee e .
1. Exciter/nodu.letor -, o) < L
PN . AR
2. Power amplifier L et e SO -
» e : . .-
3. ';‘elemetry .o e . . . )
L., Axial Jets \ R o .
' . S e € E
e ! " * ¢ i
¢ 5t { h—- .
‘ / i o S .
’ ’ . : ' " N »,ﬁ'
- . . e -, f
e - * « *
o - 3
- * - . <
- kS * - . *
¢ - * ? Iy LI T
. [N , - N
s E ., . L
- ’t A . - I
4 - ¥ . <
N
o . PR ’
¢ . o * -
s N )
e s
K . NA - . ;
* B * “ 7 e
. o N s el
> ¢ PR e Pud .
- Y v
‘ ’ ’ 2N ’% 4 3
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: A Y MR SRR
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. p . R s ¢ . o s
- . ) .r(‘:’; " ] 2 N 2
* - B RS A . L i
I R . - » m e
, . is £ - ; ' ¢ .
- 2 i ‘ N . ‘\. - A -~
- I¥3 & - ‘. ‘ Al v
- _ ¥ E . s Pt * -
- - -~ B . ] ’r -
L2k, Hhich mm"ummu-) 4:/aw :rm-por— . k=31, The'(A. Nevy Satellite

table, dénd can normally ‘be assembled-or . Naval Telecomrunications Command) ello- *
dimntled in:less’ than tvo hours.by‘a’ -+ cakes Navy us:lgned operating time to - CERRA A
. well” :rnined experienced crew?l L SB, ms“{cug) which*in turn designate . S
© o 1) AR/MSCELE o - : Pairs of esrth terminals to use-the 9
2, AN/TSC-Sﬁ ST . assigned -tine. A
* 3 AN/FSC-9 . v . 1,” A. Navy Satellite Operation Center, B
ki Both 2" and 3 above . : " +B. CAMS. <. Sy
o, ot C ’ 2. A, ’!(avy Sa.tell:lte Operation Centex“ . .o d e
=25, The earth terminel designed: for use as ’ B, CALS S ;L
the shipboard: 1ink ‘is designated L © . 3. A, Naval 'I'elecomunicationl Command; , - .o
1.,AN/SSC-6’"¢‘._ ‘ : B. CAMS . S
2. AN/sse2 ., ot .+ LB e . . b A, Naval Teleconnnunicetions Commendn ’ R
3. AN/TSC-Sk . T -, T R —s. -c;u,s S . . L :
b, AN/MSC-LE - .0 T a7 oL . o " .
. - - e 4233 T A satellite infe ... .. ' —orbit par=- .
l5—26 The- extent ot difficulty in acquiring. - - .+ 'ticularly plecee severe requirements on- :
2. . and trecking a utellite is aetermined - the acquisition system by a _ground system - :
a T < 1arge1y by the - : . equipped with large antennu. N L
RS . 1.' earth terminal entenne . ) . L equatorial ‘or polpr | . RN
Lt 2., utollite«l oxbital panmefers .. . 2, medium sltitude or- elliptical . J
A T llou rélative motion of the uteilite 3. -elliptical or poler 9 . . Ce
o, T 47 releti‘vely ,rnpid chunge in position L L, synchronous or- neer synchronous
. ’»ﬂ T ke2T. why is it ‘more ditficult to acquire and - k=33, What chu'o.cteriltic ‘of &; utellite effects
ST e track satellites ‘in elliptical orbi“ts’l ORI the down-link frmuency‘l
T et 1. Because the setellite 18- steti‘ona.ry '; .- 1. Antenna- point «data . PR
) 2. Becaude of the $1ov: movement of the" TS 2. Orbitel geopetry i Lo S
s setellite * .- "3 Acquisi.tion ‘system . o e
R A - 3. “Because of the requfrement to keep .o L lu Beerinso and elevation - . -
I <7, ‘<. the narrowbeam anterns pointed. .~ © " . R S R
e e e " goward;the’ satellite =~ .+ b3k, Setellites {n (A. near ‘synchronous/ ; L.
SR oo L, Becaus€ of ther rgpid’ changes in~ #Ylipticel) orbit experieuce the. (B; . J . ot
LA - poaition - , . Targest/smallest rrequeucy veriations. T > .
s T . g v ‘ 1. A. near 'synchronous; Birlargest . T S
. 'h—gB. In’omtionvlhowing the celculeted . .. . 2. ‘A+ near synchronous;. B. smallest ot .
vy . pol{tionl of a satellite At regula.r inter- , "3, AL e11iptice1 B. largest . e v
C e . Vals. of time is called’ a/a.n - teble. b AL ellipticel' B, fsm.llelt N .' R AR
- e 1, epbemeris ' ) . N - . - s,
. .+ 2. -pequisition” - T - 4-35. The antenna. pointing infomtion that' is’ o "
. J3 prediction o ) R genereted by compering the Adirection of - . &
L R T permeter T ) R . the antenna-axis with ‘the- diredticn from . ;
e ) * e e which an actual satellite. signel« is Ty
S - 'I'hé only imporfant local coordinete of . ¥ received ‘s referred to ai . PR
L, . po:ition to'acquire radio contect with & o ‘ sfrequency ‘contro,l ‘. ° N O3
Sy CCu o v satellite'id . d d. timing control . . Lo : - s
. L LI W ~veloci?:‘y and elevetion . . e © +3...automatic trecking © Lo ’ .
: \ .2, velocity: :and bearing . .o 7 < k., prosrmed tracking T )
) s 30 ‘elevstion e.nd bearing: . ‘- " ’ ‘ o 7
SN by direction m,d velocity L L =36 Sincc \mccrtain:iu. such-as poor u.ol- ’ R
L : : < . * pheric ‘#nd tonospherit - ‘bending -of radio ST
.o L be30., Hhat must be tul(qn ints. conlideution An wave ‘exist, automatic tracking is ~on~ v ¢
- ’ ,’ order to- m.ke "aeit use of setelli%es? . lideted \mu“:isfectory end not uued. v s
. , 1. rFailure of electronic equipment T e - Lt
P . -2 No utellite in-common view of certdin . L-37. Which of the tollowing functione répres: o :
Lot 'peirs qf ground stations for minutee . sents minimum satellite-outage time? . .
. ., or‘hours.at a.time : Ve, 1. Slewing the earth teérminal antennbs . ¢ <o
3., Vu'ying and contingent ‘needs. of users L 2. Acquiring,thc setellite signal 7 & o et o
- b, Ench of the above -t ‘ I 3. Checking for circuit continuity TE e S
e e T, . . .- .. koA ofthe sbové. LAV S
- (‘ R4 ® ¢ ¢ ) .! ’”') -




h-38 um-.-h enteienr bem« 1dentif.iel the

\'reuon u_;ellite nay. fiot"-be- eveilnble
aad. adde -tooltage time. i
1., Unsatisfactory progremmed trecking
2. “Two or-more .earth:terminals. occupy

< “the- cormon volune of the 1ink terminal

. ,‘ e.r’t:erns.
3. Bunéhing of entellites with gaps
RS Drirt velocities ‘of “earth: termnale

. RN ‘D
"/“‘ < Lot . 4

. N ) , 8
PSR B . p . e

T

Lenrnzng ObJectwe
v of’»sa.tellite cémminications and dden-
tiﬁr ‘the edvnntages nnd limitetions

~ LT e . . Y

~ =

; " h-;jQﬁ. K Which of’ the fol‘Ioiun; links is NOT con-~

“sidereda. convgntionel means of .comuni-
c‘ntione

. Q. Sitellite ) L.
T, 2 H¥ radio . -+ . ST
“* .3, - Tropospheric scatter ) ..
k' Microwave. - s :
(R -

tht applicetion df letellite connunica-
tion resoutces offere more ;eliabie com-
munications and is.less subject to’
detection? * © .
1) Contiﬁgency operntions
2. ‘Coimand and control ' . C
3. Taétical : o L
R DCS 1on5 diltence L Em e
* .
Hhich of the folIoving,is/nre coneidered
unique edynntngee of entellite communicn-
tion:? -

Satellite links ‘are nffected by ,px:opn-
getion ebnomlitiee only part o!‘ ‘the

< time - -

2 Satellitee offer srenter relinbility
and. flexibility " 3
- 3. Batellite links are ‘capable. or il'

covering‘ greater range- vith “the -
., numerous repeater etntions § -
L." Each-of’the sbove T | .

. The relinbflity of active sptelliteucon-
nunicntion beyeteme is dependent priwi

upon wnich of the following conuderntionl?

1. The equipent‘ employed a

2. The %111 -of the opernting, and minte-

‘nance pereonnel :
3. “Reflection or: refrection of utellite
. .7 frequencies B
« b, Both 1 and 2 above .~ U

®

What is the RP channel cépability of thé"

Phase I satellite on the down link? e

1. One : R . .
.2, <Two ), 0
“3. Four : S .

T »Unlinited che.nnel cnpnbility

e »

T‘-:“G Vhich statement ‘below best Adescribes the

Recognize “the role ~

€.

«'(-‘

edvnnte.ge of setellite comunicntions in
terms-of flexibility? c - ,-
1.° Certninreu'th termine.ls <are’ -housed in:
vens a.nd can be trnneported to remote»
. .aréas - - ‘e "
‘ " Military satellite cam\unicetione &re .,
- capidble of hnndling hundred'e of voice
.. 77t .7 chennels .
..3. The antenna- group of emg earth \.ermi-
nay .can- be mounted-on- a ship s’
. weather deck . A -
‘14,~ A high-degrée of protection to Jeming
is afforaed by; ‘the highly .directionel °
nntennas at’ earth teminals
h-hs what determine-s ~thef limitntions of'a
' sateliite conmunicntione eyetem’ .
. 1. The sntelute‘s technicil cha.rnc er-
ietice .
2. The u‘éellij:es orbital pernmeters .
* 3. The eetgllites dow - gtin antennas
h Both 1 and: a nbove . ’

. o ‘-
N »
c s .

~

Leerning ObJective'ﬂ Identify cho,rac-— :
-terietics ‘of ele'ctromngnetic ‘waves -
and factors dffecting. wave propaga-’ ',
tiom (This’ objective- continued in.

o usignment 57 -
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- ” ¢
. ) T
N - 2 , :V N
F . Coe 2 . s =
; A . . e ) - .
MWhich conponentés) in figure &A gcnersts(s) h-Sl& ‘Eddy currents are set up by an. induced ) :
energy in the form of electro-sgnetic ) "voltage in ‘the es.rth catised by thc - ’ :
waves? . ¢ < passage of e .
1. A ‘o _ . 1. :pky vaves. oL ‘ . 4
2. A & B ’ C e e 2." ground-vaves - ’ e
3/ . T C - .3, .space vaves : A,
L. a :. c *" T " . " increased energy‘ o ’ T
~ -‘ . -
How' many niles ¢an a radio wave travel in 455, H)ut» psrt of the energy rsdisted by an
one. second? i R ] Lo .anténna pesses through the troposphere
e 1,860 - . ' . and 1is: acted on by the ionosphere? T e ¢
2. ", ),600 . .t : 1, . sky wave N g
3. 186 ,000 o . o 2. ‘Ground:wvave Co- : . A
L. ‘136,000,000 e ' < 3. Surface vave L St . )
N L 4
. L, '.Space ‘wave - : -
The sbility of a receiver to smplify weak -
. . aignsls ld a messure ofits 4.56. H'bich of the rollowing situations affect T
SN e ' 1. gelectivity . - < ~thé quality-and distance of electronic ,
C e . 2. sensitivity. . transmissions? . 3
e K - 3. sntenns configur).tion 3 1. The rotstion .of the sun on its sxis
oo L, rieid strength , 2. The-annual course of the sun around
R ‘ : ’ the eafth o L
L-49, Which or the. rolioving copditions nay 3., The ‘development of sun s pots . : .
- - cause an unintelligible ‘signal? - L, The number of ions present in the L0
: ’ . 1. Interrering signsls . ionosphex;e L P
r;l . 2. .Noise ' ‘ e S - /
. - R T 'x‘rs.nsnission ;Line losses ) 4.57. The n\snBer or lwers in the ionosphere, v i
e . L. . Each or the adove . ° their heights<and their ionizs.tion e /0
. ) p (electrorn) density. vary ) , /
’ . k=5d. H'bichv type ;of wave is: most sstisrsctory 1. with the ntmber:‘of ions; present: : R
- ror long ‘distancé comminications? 2. with the amount .61, aif® present i
1. kya»vs.ve T e, 3. ‘with the: strength or rsdietion from . -. i
2. Ground vave .’ ’ the sun - ] K
. . <. 7+ 3. Surface'vave 4. both geogrsphicslly And: with time A
T © - ¥, Ground rellected wsVeﬁ < . 5
- g h-‘B The- sky vave portion of & long distence ! -
© I 4-51. Radioc ground vaves follow the curvature trsnsslission at 15 M‘Hz .during:.deylight : !
. , ' .of the> earth. because of the srtect of - . would ,nost likely be feflected by the ST )
. - 1. . absorption ’ . o 1. D -layer' . . ‘ . b
v - * diffraction - (L'layer . . . SR
P g . 3. -reflection . , 3. f!‘l ‘layer e
. . . L. refraction A » ‘b,  ¥2 lxyer o ) . |
AP : 4-52, - Thé phénomenon where po.rt pr the energy L.59. "'he trequency or uc;.urrencé and deégree. . f
e of' & radio wave will change, direction ‘ oriionisstion of. 'sporadic E vsry signiri-» T .
‘ from the: "Xine of sigh{'. pe.th vhen it passes caitly sccording to AN
o the edge of an ‘bbject is knowd- as . 1. physicsl processes thaf produce it /
e , 1. .refraction , - ) . "2.. its opedueness . I
- 2. aiffraction . : , 3. Jatitude T . - :
; s, 3. eddy turrents_ - % R ' ionosphsric storms . ] .
R ok =sttsnustion . v e ‘ . )
AN 4-60. ‘Wnich of the following chsrscteristics o “
£ R 1,»—53. w’nst sre the requirements ror utilizing - could result from partially ret;lecting e
e T . .ground vsvss.ton.long.rsngc__comunicstions" spors.dic E? ) T
. L 1.- High rrequency & high *paver X. Serious lmItipsth inter!’erence =Y
N . .2 High trequency & low power N s 2: Fsvors.ue long-distsnce trsnsnission IR
o ) " 3. Low frequency & high power : - at very high frequencles ., _
. . . ’4. oW rrequency ‘& lov powor 3. ’Short distance transmission to,loca~-
. . , * tions. that ~iould ordins.rily be in ‘e
I . ’ , skip zoné v
¢ - Each of the above

_EK

Aruitoxt provided by Eic:

I T

L,




The most nhighly ionized of e11 layers md

‘the most inportnnt for HF comunicetions,
is the °

|
I
!

¢ 463,

L6l

. i

\

“ .
\

e6s.

L-66. |

Q

p [:

.
Aruten provided

—
e

|

:

5

1. T layer . -

2. 'E vleyer -

iR leyer ‘ , c .
h. F2 layer ° T

he 62 Which ¢f the t'ollowing cherecteristics is

true. concerning the ionosphere?

It acts as'a cohductor

It ;beorbs energy in. specific nmounts

from the electronic vave

3.. It refracts ground waves.back to-the

. earth -

“k.. The ionosphere does by defraction
vhet Vater does t6 a beam of light .
. PR

Which of the; follo\ung conditions depends

on the smount of refraction?, .

1. The nngle at which the sky vave
ltrikes the ionosphere

2. The frequency of* the: wave

3. The ion density

h. All of the eboye

2.

The highelt frequency that can be eent

directly upvard:and be returned to earth

by-« the.- ionolpheric is known a8 ‘the w
- for that layer.

1. ‘wimm usable frequency
2. ecritical frequency .
3. vertical trequency

L.- refrective frequency

The salection. of maximum usable: frequencien '
(MUF), for fixed .distance transnissions

at specified times depends upon
!

1. stmospheric tempéerature .
. 2. ionospheric ioniéetion L
; 13“ troponpheric humidity 3 T

ltretonpheric prenure

x'rhe highelt frequency that vill be .
[returned to earth at the desired “location
‘is knovn al. the-

113 lov refraction frequency

-3 uximn lpecified frequency

3. m.xinum ueeble frequency = .

'h. rrequency of optimun t‘reffic

+The diltence fro:ﬂ the tre.neuitter to the
neerelt »point at vhich the refracted vaves
.retufn to eirth-is celled the

1. ,lkipﬁiltnnce

2.
3.

skip zone ‘,
ground wave- range

k. _ ares of best reception

27

k- 68

v

>

L-69.,

4-T0, .

LT,

k-12.

>

The distance between the ferthelt point
thet ‘the’ gound vave extends Lrom the
trennnitte'- and: the first point vhere the .
sky veve is returned by refraction from
“the ionosphere is celled the . v

1.
2.
30
l‘ ‘

ares of best. reception.

skip distahce

'lkip ‘zone

saturation d‘ee

» 8
i K

Which of the following conditions is co!n-
lidered ‘a: major problem in electronic
reception2

1. Rendon variation in wave polarization
2: Selection of ‘a FOT too cloaa to the

'Y MUF

3. Irreguler wvariations of the ionolphere
.’h. Fadiiig

Hhet is'one. method of overconing the
probleu of .a received li;nnl that varies
4in iptensity over a relatively lhort
'period of, timeé?

L., Diversity’ reception .

2. Combine the audio outputs .
3, TFeed two separiate receivers

'h Plece tvo antennas a vivelength .apart
What ceuul ducting‘l

1. Iononpheric storms -

2, Temperature inverlion

3. Frequency fluctustions

4. [Low cloudymulel

What propesetion technique may- be )
enployed to extend ‘UHF transmissions:

"‘beyond. the ‘horizon?

Ty

»

1. Tropospheric :scatter
‘2.." Ground reflection o
3. Atnoepheric refraction
Y Ionolpheric .scatter
: . a‘ -
‘
\‘~.
e - ®- '
t ,_“__;‘ \ o
« . -; \‘\\ * ot
. ™~
BN
. A%
. ] 3

" 50
s
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ngre 4B.-Bcatter Propcgation.

Q

#8=73. "What effect vill o 1ncre-u in the v .. k=75. “wnich ot the. ronowm; -conditions affect

.angle represented by .point B .-of: fism'e the selection of freéquencies for o.
- LB have-on. the received signal? comunication in the-MF/AP band?
'l. The: received signal ¥ill increase 1. Propmtiou conditions .
2. The received signcl will decrease’ 2. Frequency nnillbilitin o
3. The received ‘signal Vill bt be - = 3. Frequency authorization ‘

. afteqted . 4. Each of, the .bo\fe Lo

“oobe Tt is not poui‘ible +to detemine vhat
- effect this will huve on the received

Ly lignal

h-’{h The tropoupheric scatter lignal of%en is o
‘charecterized by very’ rapid fading -caused
by

N aturbulence in the atmonphere
2. the. tngle of" the transmitted beam
3. multipath propagation . o
4, extreme ‘path 1engths .
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. AT . :
by = . .
A
o . B
{
P N .
-
«

RS

T eqng mtters end Receivers, Facilwties Control’ Operations

- s B
- L3

; a Textba‘ck’pagés 117 through 151i . -, ) . . , .
a : - o ‘ ' . - . : . :
® ’ i o - 527, VAn RF trahsmission line will trwsfex: .t
"“’“‘“‘"‘I'emng—eb;}eetixe—(.conﬂnued) R .energy more efficiently at e ?
- _ “alde nti!‘y cherecteristics ‘of ““\T higher frequencies
e L electromagnetic waves and-factors ‘3, ‘thé frequency.for which the 1ine e
et -affecting vave propegetion - is-designed ¢
. L o 3. relatively lov frequencies -
S ) o i _ Y. medium frequencies .
* * §=1. The key to frequency selection,. regardless * <
S of the time -of day or night Qis. the condi- 5-8. "dipole" is best che.recterized as being s
e T, tion of the spheré/fonosphere S e/e.p antennd, . L
' {B. over/midvay betweeri) ‘the two stetions. L., querter wave . . * 0
. 1 A. troposphere; B. ‘over . 2. helf vave ~ e A
.. 2. k. troposphere; B. midvay betveen . 3. 1long wire o T R
-7 ’ 3. A. ionosphere; B: over ° k. unidirectiona]: T ;
S R ionosphere, -B. midvey petveen . . .
‘ 5=9.. The querter—weve e.ni;enne, often uised where R
G=de w,ws.lcnsth of a radio veve Ais commonly space is limited, is e.leoeknown as e/e.n Tt
T expressed in | . - antenne . o
* 1. ‘inches e T. Vee .- 2 N
SR . %2, feet S : ‘ 2. Hertz * R . i
’ - , 3. metérs - ° - g 8 63 long vire o o~
fas k., miles - < - ! a L. Marconi et . a *
LA c N rs - ’ . < 2
& 5-3. The position of an antenna.with respect. 5-10. ‘Thé most. commonly used anteana for naval ' -
g ( T " * %o the.earth is temed the . -, HF point—to-point comunice.tions is the
Lt e T 1. radiation patteérn , .1. tberminated Vee
S Y2 ‘horizontal cr vertical polerizetion 2. . conical monopole
3. mesnetic field" . oo . . ) 3. broedbend sleeve
> 4, “e1lectric f,ield - ° P horizontsl rhombic ¢
T o N
: L Lo 5-~11.¢ Theiparfomnce of ‘a ‘rHopbic antenna my s
L 5L, The two types of entenne polerizetion give o be .improved by which. of che following Ty
- o - about the same (,fieid intensity vhen they mettiods, if any? - .
L. — E ‘;e 1°S:”ed ‘f 1”_“ °“° "‘Vé}engﬁh avove 1.. By using dore vthgn Iy single wire to . Ry
Do . .= the €arth.” 7. o . oo - —form-each-leg . - - : A
) . 2 id :l d i
S 5-5. 1f an antensa's radistion ‘pattern is By adding & sedond wire and spicing
e altered th adiates.i them horizontdlj 10 feet epert .
: : tered 80 that it radiates.in only one 3. By reducing the vercicel length of . .
' direction, it is said to be o ' eich leg -
) 1., unidirectional —° = . : 4. Nore of the above-vill add t0 the: )
¢ - 2. bidirectional ) perfomance . * R
- P 8 semidirectional ; g
L o L. omnidirectione.l v N 5-12, Which of the followiné types of comiiuni~ :
. ! T %‘ -¢ations is not a primery- epplicetion of
oL e 5-8. Whet device. ie used for tre.nemitting ‘or the Sleeve Antenna?- i : R
702 R guiding e1ectricel energy from*one point 1; Ship/shore/ehip *
) to e.nother? 2. Biroadcast :
o . 1. transmitter v 3. Point-to-point .. :
oL - 2. receiver, oo L. Ground/air/ground 2 :
:—-:.:—’.._e___w_;__i_; _ 3‘: mtenne ' . ' ) ’ o . i
. - 7 = “‘“tramnini‘onnl"ine~ e s — : ’ .
L ) . e . A . 2 - : ! . G
5 \'.a N " . ¥ & = fad
N . " b} . . - v, . . B }
. . . , T - 0 . -
r ° .‘ * e
o . v g . - "
Q . : - . L, ) . ;
F EKC .- : . . ' ' . ‘ 27 o ' .
1 o St . ' . - ; -
N . B N 1 -3 - .
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]
'vihich ot the !’ollowing types of shore
stetion utennn are also 1nsta11ed on *
ships? . -
1.. .Rhombic- md conical - monopole
* 2. Rhom'bic snd sleave < .
3. Sleeve md conical. _moropole’
' Rhonfbic. sléeve and conical monopole

5-13.

51k, on vhlt frequency ranges is"a vire
trl.nsnittin; antenna. designed to operete
aboard ship? * =~

CX.
2.
3. .
L,

Lmr and médium -
Hediul end hish

Righ end very high

Very- hish a.nd ultre ‘high

.
¥ -

55-15. The vire that-is. used tor vire entennes

shore instlllstions in that shipboerd
mtenne vri’re

1. is physicslly 1onger 2
2: has a; larger dimter
3., has -s smialler diameter

L. .is made of solid. unstrmded .copper '

5-16 What is ‘the best 1ocetion for' a: receiving
antenna. éboard ship?

4. The enk;ire HF spectrum

S €.

+ 1. Asmeesr. the trmsuittin; .antenns’
. ‘a8 possi'ble
R 2. As far from the- tru.nsnittin; antenna,
T as possible”, | N
v 3. Near the center of “the ship . -
, h,. Avey trom all vertical pro:jecﬁion:
5-17. "What is the designed frequency rmge of
- sthe inverted cone mtenns‘!
1. VIF cnly _ © - -
2. *LF only i N
*3. VHP-only - .. 0

S5-21.

-5-22.

5‘230

" 5224,

~25.

3

3

'?or reliable compunications, it is
necessary for &li tropospheric scatter
- systems :to employ

L. long wire -antenna systems
2. 1line of sight trsnsmssions
3. on-off'‘Reying

b, dive-sity reception

»

‘What method. of diversity reception employs
the techinique of iliuminating two difwe
terent scatter volumes in -the trpposphere‘l

1. Circuls.r diversity }
2. Ansle diversity . ;
3. Space: diversity ;
k., F’requency diversity - -
Which ‘of ‘the féllowing uxtennes operete o
over ah extremely wide: trequency rmge? - L
1. Sleeve . . o
2. ‘Log pe!'iodic - > - Lt -
3. Conical monopole - . . ;
L. Parabolic .
Whet i: a distinct advantage of the . U
rotafablecversion of  tlie ‘LPA compired-to. % - 7, ;
the fixed LPA? * + ~ 5
1. The ability to rotete the array- T
- 360 dégrees - - ., K
2. The RLPA can be mounted: on- stee1 ) “*
_* towers or uf.ility poles |, . ‘
3. The physical form of the RLPA re= P
- quires less.antenna area. R
k; The RLPA can be used in ship/shore/ . ) =
. $Eip-or in ‘point-to-point comfuni- . e
cetions . . ) . BN
- -
How many concentric circles. mj&e up_the S
,_oWullenweber sntenne sgrw? ¥ ; ct
.1. Two i o A ;76 o
2. Three -

Folr- o

l‘. Ty

5426,

H‘net sction do yaqu take to restore
comunications when one of the high
frequency antennas aboard your ship is’ -. .

Fi"fe' = ‘- 3 S
‘severely dsmeged during heevy veether" l

1. ‘Perform emeraency repairs to and” - - .
. reinstall the damaged antenna - Co
2. 1Install a tempore.ry. emergency i

antenns o . :

3. TRemove the .end of the transmission -l
line’ from the dameged antenna and E

connect it t6 the 'nedrest undamsged’ .

antenna ~

Connect an in..ulator to one ena' of the .

damaged antenna and’ raise the s.ntenne o

5.18.. Which of the tollcwin; untennas-are used
o - )in transporte‘ble -communication- systems
~in 1sboretory snd .shop instelletions? .
J.. Vhip sntenne
2. Sleeve mtenne '
® 3. Pa.r;polic antenne
. hd Yagi »sntenm .
5-19. What is the usual length of HF whip
tenr.u? !
1. 21 feet .
2. 28 feet
3. 35 feet
h. hO feet
‘ .
5-20. ‘Why are-whip anteniias so widely used?
1. ‘They are inexpensive
2. They requiré:minimal space - - '
3. They are.simple to instlll
‘4%, "Each-of the above reasnns |

away: t‘rom the deck d N

”,




Which end .of an. emergency anten'\a is
’ attachcd to the equipment tranlliuion

* 5-27.
. line and- when? - '
s . 1: The 1nsulator end before the antenna
: hao been hoistéd and .ccured-
. 2. The 1n¢ula:og end, aftcr the antenna
, T . has been hoisted -and ‘secured
: ) 3. The: nlligator lug énd, before the
. antenna -has ‘be¥n -hoisted and secured
The nlligntor lug ehd, after the
. antenna has been: hoisted: and lccured‘
= s ;‘ - , . .

S . N

' \Luming Objective. Rccogni:e the -~
princzplcl and- Characteristics.of
3 - . co-unicationl tranlmitting nnd

rccciving equip-ent. . ¥a e

» . Liea

; ' s-28. ’

Tes e 1...%0 %eceive

: : frcqucncy signal |

: 2. To rcject undelircd ithucncies,

o R select denired signal .and convert - -
(S to 1nt011131b1¢ cutput

What 1. ‘the pur‘dre of a receiver?
d verify the audio-

s Pt 3

‘ To nupgly 8 mn potcutial to. the
s "ant.nys“{pr the purpotc of rsceiving
t N - voice trnnsninnions from: an: AH
.o - © transmitter kN .

D . . < 4. To provide, p li;nals ‘necessary to
: ‘ modujate- an*i? carricr
SIS ¢ 5-29: -Which.of the following Lype of radio com-
-, s s -unicationnﬁwal nled firlt?
N ) ; 1. Continuous vave (CH)
. 2e ‘Co-plitude -odulated (AH): .
- . 3. Frcquancy modulatcd ().
N 4, Single’ udeband (ss3)
}7 $-30. Which:of the follawing characteristics
ST T ~ - is considered-an- advantage of C¥- .transs
. - . lillionﬁ > .
SRR 1. Wide-bandiwlth
e N < . 2. Ndgh-degree of mtcnigibility -
R - - -, - 3, _Short range*opcration e
; h. llch'of\tnq above -
. 5-31. Thc part of . transiitter thnt goneratel
. basic radio £chucncy (IF) cnzr;y is. tke |
1, - buffer
2. '0|cillator
. 3. ,povor lupply ¢ !
4. power n-plifier g
o
§=32. The amit that -piifien the oscillator
T h*lignal “and' 1l01lt¢l the oscillatot froa
. thc a-pliricr ntngcn is called thc
&,‘ 1 «butfor - P
- ' .2 protcctor - .
1|olntor .

- . 3,:
- ~-u_ﬂn'lin- - -

bdo
ot

Y. 3 ¢

S-33. What part of a transmitter supplies RF 2/
.énergy which is radiated by a transmit- . -
. ’ting antemna? ' '
I Power supply - s~ 0 ¢
2, DBuffer ’ . .
. 3; Oséillator
4., ‘Power amplifier
5-34, -Ome of the basic differences between Low
-and high-pover tranalitterl is the .number
of . ltngel. ’
1. “oscillator N
. 2, buffer
3. amplifiér !
b, g;gpmplifiei - o,
i . POWER
osciLator AR surrer{Afal ampLi: |
" Tv FIER
MICROPHONE N t . ‘
ED—-GV- /MODULATOR A\/ . }
~ . - -" - . - M :5’
k) 'l. -4 .
"{
Pigure 5A = AX radiotelephone tranc-i:ter block
diagram. .
5-35, Hhich component of the. transnitter 4in
. ,Afigure 5A c&nverts the acdio--(sound) .
‘input 4uto rrelponding electrical
energy?
. 1. Oscillator.
2. qufcr -

3, Microphone

4, -Modulator

On-amplitude -odulltion. what situation
liltcd ‘below -occurs. if .the modulating
signal is absent?

1. A continuous RF carrier is radiated:
* by, the- nntcnna -
2. The carrier is aupptollcd - T
3. The RF carrier-is varied
4. 'The -RF carrier passes only to the

buffer stage




\

. &
What is*the second harmonic of the o i)
fundnnen:nl frequency "4350 -kHz? o :
"1, 2175-kHz - L
02. 4350 kHz . ’ 2.
3. 8700 kHz
4. 13050 kHz
Which of the following communication
devicee is designed to use some of the
same electronic circuits for transmitting . .
and. receiving to achieve equipmen: éom~ Y
) pactness?
1. Transmir:er-receivers .
2. Transceivers .
3, -Converter-comparators . . P
4, Hodula:or-deﬁédula:ére :
The AN/FRT-39 1s .2 general purpose radio ’ -
comnunicu:ions trnnsmi::er capable of :
~providing (A)_. output throughout a - -
frequency. range-of 2 to (B) _—
_negacyclel. N } 3
1. (A 10.Kw (B 25 ‘
2. (A) 10 Kw (B) 32
3. (A) 100 Xw (B) 28 '
4. (A) 100 Kw (B) 32 , . !
The 1n:ernedtnte pover amplifier gection T,
of ‘the AN/FRT-40 consists of the modified"
of the AN/FRT-39.
1, power amplifier stage
2. antenna tuning-controls , -
3. power«amplifier .stage and antenna. -
- uning controls :)“ )
4. relay and 1ndica:or control panel :
he- principle func:ion oi the AN/FRT~39
.18 to-provide long range communicatlons .
by \the -type -of operation. :
1. c" o o - v:
2, f equency-shift carrier -
3. 1independent -sideband .
}. single-sideband . ‘< .o
Which o:\lge following operating require- - L T
ments is- the principal basis for selecting
the AN/URC-32 for installation nboard a
particular sh p’ : ’ R
1. ™ conmunitngton
2, Long rsnge éommunication .
3. Short, range comnunicarion
4, 'Low power 1npu ) ‘ .- )
What 1is the maximum power output rating =T
of the AN/WRC-1 transpitter? 0 .
1,  75-wates
2, 100 wn:ts
3. 125 watts
4. 500 watts .

-

- ‘ L4 N
.o b e ) 5~41.
. N \ ..
.. s g
1 g ‘ ’
R ﬁ;mr
. YA ow: 5~42,
g mln
h Nt JAN AW AN Frooree Aoy E
. . . A‘:.::::;‘;. U Ut wmruu x\ B
. il ~ - 5L 5-43.
- - A\
? A
Figure 5B - SSB-transm{tter block dingreu.
. - 837, Which co-ponent of. the transmitter in,
- . figure S8 combines .the’ audio input from
- -the..frequency genern:or :o,produce the
2 two eidebandl, and- then suppresses the \
T carrier? N 5-44,
1. Audio saplifier h
2. SS! Generatqr :
. ' 3. Mixer .
: 4.° Frequency uultiplier . \
: $-38. What 1s the- defiaition -of. "harmonic"? AN
iV, 1. A epurioue and undeeirab}e radiation A
’ v : caused by feul:y equipnent
. 2. A phenonenon that nllowe ‘radio ‘waves _5-45.
of certain frequencies to be de:ec:ed
. rnndouly throughout” :he frequency
e - . spectrum -
. 3. An exact- mul:iple of a fundamental
8 4, A :hinlyeground crystal used-to
Ce . generate -a pnrriculer frequency
. . Infonu:ion for {tems 5 -39- nnd 5-40 §<46.
- The fundamental frequency of a radio-
- . frequency (R~F) oscilln:gr is lq kHz.
' $=39, The R-F oscillator generates- a true fourth
harmonic at a frequency of
1. 30-kHz
2. 45 xHz
3. 60-kHz ““ -
4, .75 kHz Y ) 5-47.
What is. likely to be -the highest-true———
harmonic frequency generated by .the R~F
oscillator-at-a-sign ificant energy level?
.1. 30 kHz
2. 485 kHz .
3. 60 kHz -
ry -

75 kilz
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. 5-48. In. .ddiuon to hav:l.ng an interconnection
- ‘box, the AN/WRC-1 radio set consists of a o - R i
1. tnnln:l.ttet and & teceivet . 16 KCS 16 KCS 1. 16 KCS 16 KCS
2. trinsmitter, a uceivot, and an-R-F : - = ‘ :
l-plifiet . ’ B
. 3. tunlce:lvu and a sideband generator * )
. 4. tunsce:lvet, a sideband ;cneutot, 1\ e
and an R-F amplifier A \ :
. 5~49.. So that ‘an antenna. can be tuned. vithout , A § ]
’ causing unwantcd nd:l.lt!.on, a(A T emote a1 T )
. control unit/dumay -antenna) is. connected l I\ - -~ - L
- to. the (B. output of the tunnnittctl 4
transmission: line). A ’ ¢ D
1. A. remote control unit;: . .
B, ~output -of the tunnitte: - + - : L
2. -A. temote control unit; ' ’
N tnnniuion line Figure SC--Bandv:ldth Chauctetistics of i
3. A. _y antenna, ‘four types.of receivers - i
. 3. output of the transmitter ) - f , B
. - 4, A. d_y lntenna, et 5=54. 'l'he tvo .bandwidths; in figire 5C that are LT
; . ‘B. transmission 1line most chauctetistic ‘of comercial broad= : T
N N N .+ cast receivers. are dettered v
$=50. -A beat tthumcy osc:l.llntoq i required 1; Aand B ©l
for all receivers which are r ceiving 2. A.and.D N
1. A-M:transmissions 3. Band C T e
2.. F=M transmissions 4, B and. D
3, ‘P-M transmissions . ) A :
N 4, oW tunninim 5-55. ‘Which of the receivers whose bnndvidth is: o
shown in figure 5C is tuncd the shlrpest? .
5-51.. ‘rhe untcmu of a: uceivcr extucts only- . - Y. A \ T e g Lo
. - a small- amount of . electrmgnetlc ‘energy 2. B ] 7 - L
: » r~a_signal voitage: ‘that -is-measured in- 3 C T, .
s ‘tem of & few - 4, D . -
- 1.' wicrovolts ) . .
2. millivoits 5-56. The ptoccu in s radio receiver which
R 3. volts co-b:l.nn an amplified R-¥ ‘signal with the : =
: ( 4. doun volts T output of & local: osc:l.llltot is c.llcd . E
P . A, 1. wmodulation.” * , . . A
. . 5-52. The measure of a :ecciver '8 thctiveneu 2] “hetrodyning
- 4n-amplifying vuk lignlll own a8 - ; detection - 9
A —- -~ 1. selectivity — - - ' .,“... - ‘4. reproduction ’
. 2. -sensitivity : * -
N 3. capture ratio o “: B
4. stability i e
; . T e k) 2
R 5-53, 'rhc selectivity. of a :cccivct is a T TR S s o e s s o o
ST . measure of its ability to. : - . -
’ 1. receive desited. signals and ﬂjcct . .
< . all othars ; .
3 l-plify veak signals i L
> 3. rteceive distant stations ; “
. 4. perfors all of the lbon]/functionl , . -
} A, . ‘
- fo e i . ~
.. . \ N -
- 1 \ (.1
+ . 0 e . Y
- . - ? o - )
’ Oy . ",.
] « 33
‘[\ i ' 4 . ' -~ v
o ® D ]
A o . . .
. > 4 )
. * v 3 »
Q > . - . . .
¢ ERIC ” - 31 . - © e '
" IR | . . . )
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- . v ’- . ) . ’ .
A\ 74 . }
- & 1 .
B v | . ., N
iw ' Lo LT en L oerecror o] gt renl. o
AvpURER ] MIXER: [ aupuipien [~ PETECTOR = deptirien|.
27 M . . I , : % 3
£ 3 * : 44 J&‘
o ' B | : S
e _ losCLATOR o "y
< . . ’ _ e ‘
i SRR g R -0
owT % . N -
- . - . [ rigure 5D Block diegrm of & luperheterodyne receiver. 4
LN ’ . 2. - :r‘*‘.
. 5-57. ‘ The - mixer-oecilletor‘:tege of the - 5;6],. Whut frequency range is-the R-lCSl/URR i
. receiver in fic\u‘e 5D lctl to . cepeble of receiving? > :
.- . 1; rmve audio- loduletion in the. l ., 2 MHz to 32 MHz e -
: . 1nternediete-frequency (1<t). simgn ) . < .
’ ' 2. convert the, radio-frequency (raf) 2. 2‘MHz to 30" Miz ’ - -
- . ! signalto-g fixed 1ntermediete- T . )
: . . . frequency .(i-f) ' BN 3, 115 MHz to 1567MHz ~ "i . i
LT 3. “fiiter out the intemdiete- ) ‘ o
. .+ trequency (i-f) cerrier C b, 225 MHz to 400 MHz s
k. seleét the radio-frequemcy (r-f) of . ] L L
the dn:lred frequency . v . > -
: : 5-62. Which.of thev.ol.gcwing r-ceiv-*rs is vy
j ., 9=58. The radioc veceiver R-390A/URK*" jrovides T selid-state, “general purpose- HP-Tecetver— -
s reception of vhich of- the following intended pr..merily for operation in- t‘ixed )
: —.—«sigml_modeﬂ_.‘ . w. . .. stetioms? ° . v :
, i oW -1, R-10517URR - ' R
L . - 2, 'FSK- 2. R-1401A/G. - , o
o 3, §SB 3. R-1414/URR .
, . . b, Eech ot the ebove model . 4, AN/SRR-IQA ’ :
- $5-59. Which mode of operetion requires use of: 5-63. Which. cherecterist:lc? below is eveileble .
4 the-CV 5917 Y .~ with the R-141Lk/URR receiver, Lut is not BN
’ ' 1. Cw ’ . available vith the°R-390A/URR receiver? ;
- 2. Pk . »u ) 1. Reduced size . .
e 3. ssB : - . 2. Cooler operation .
k. McW . ~ 3. A digital electronic. frequency counter . .
, o display ’ . .
-,5-60. Which eistm named’ belov #3 used primarily k. ‘Each of the ebovc . :
. for the reception of lultichlnnel readio: :
. teletypevriter- trensuinioae? 5-64. Superior frequency stebility is an impor- | -
. - . 1. Audio mce divereity system tant featuce -of the ’ & .
. ’ 2., Space ‘diversity radio-teletypevriter *1. AN/SRR-194 , L
- — 3 m.ugh—side—bend——Mio“teletypewriter-—— 2. R-390A/URR. i — . i
< ' © T koW : 3. R-141L4/URR _ L
. ' s . . . k. CV-591A/URR . ( )
= N N . B . s t\
y . 34 I
: . 32 ‘=
9+ o ‘ ’ - LA
ERIC o o : c
- N = . RRS
. ;e

L. B .. = _




¥ 5-65.. Hov -dbes thie\CVA-591A/URR single- 5-70. Which of the following factors, if any,
t sideband con erter, used _in, conjunction deterninee the communication systen pro-
‘o with a standard co-mnicetione receiver, vided every ship or etetion" . .
: sinp;ufy the tuning of single-eidebend . 1, Mission. - ‘ -
R signals? 2. Allowance-dictated by -COMNAVSECGRU . T |
. 1.  Fipal tunipg is done at the- converter,. 3. Size of the activity - R
: L . .not the re ‘eiver h, None ‘of thefeﬁove ) l
- - 2. tContinuoue tuning is doné-at the
S - converter 5=T1. Wbot is the pr.tlery function of any &
i 3. The- convertér may be used vith s A co-nnicetion systen? !
rcnote cont Fol - 'hylten , 1. ‘The eveilebility of an informatjon
: 4. 'All operstiopal cortrols are loceted source . N
. on the rront penel . 2 'I'he neceeeity of -a conunicetions .
A . - link oL
_ - . . , 3. The;efficient transmission and récep- ) K
< . tion-of 1nfomt1on . - . Lo
. - * Learning Objective.. Recognize the ~ 4., ‘To ‘provide a-signal path between two ’
eeponeibilitiee of pereonnel ‘ stations . w
. ‘axsigned to perfon -duties in - ’ . o -
L fecilities: | . - . . R
i - - . \3 . e~ - - - 4 -
- : T ‘Lesarning GbJectivr Determine. the .o o
) 5-66 FCO 1e one -of the priu.ry operetione . ve.rioue stages-of & eisnel fiow of . :
* within the lAVSECGRU\C'_\micetione N secure cmmicetion systém. . :
) Center 'bece\ue § . 5 s . ‘
' . 1; the facilities controller mist. be R s
highly qualified. | s-‘ra'. The incc-ins um.l noﬂelly enters. the. -
s - . . 2: the tecilitiee cont:‘bller coordinates VSBCGRU fecilitiee control.-epece at the -
C T ’ reetoretion ot éircuits: Arith-commer- . __otage, -
. ciel circuit eupplisre 1. audio dietribution
. 3. ~méssage traffic flov is dependent 2. DC afstribution _ * : L e
ipon the- quelity ofxathe circuite 3, " conversion . Cf ’ .
¢ k.. -of the various $o phisticated. equip- I, end terminal devicee
-ments thet wust ‘be Mnteined . i ;
d ) N 5=13. I_edietely\‘ follmd.ng encryption, the :
LT 5-67.. nhich peteon(e) would. nonelly perform teletype signal 4g ‘fed to the .
ANNPPH ’ fecilitiee control hnction ‘At -& small 1. red patch panel -
S station? - 2. black patch panel” ‘ -
AN 1. Comsunication: Supervisor . 3; multiplex equipment ey
= . e 3, Communication-Operstor *4, receiver . . S
3. ‘Msintenance Personnel’ . o ) - o
k. Each-of the above. . ST e
: Fundamental - re-ponni‘otlitiu of the. Leernin; objccuv.. Indicete ‘feeturee N
- - fecilitiee coatroller- chen;e rron station co-on to all evitchboerd operetione. e
N o, © to atation: . i
\ 5-69. Hhich of ,t“ﬁe follodne mnctionl would "”’5;7&7"‘%3}: ‘of-the *feeturu—nued below is 77 .- -
the facilities Jcontxoller most- 1ikely common to all receiver ewitchboerd . ‘i
‘o 'perrprm : " installations? o L :
K rr-rquency cEanges § 1. Knobs u'e metelled 4n. the off L s
¢ 2. . Equipmént peiTormance tests position .~ i
- 3 ‘Bqui;-ent ;nete.netion 2. Receivers -ire alvays connected to the
. o, b, nther 1 or 2.above . verticel rovs of switches
e i ' . 3. Remcte stiticns are: alvays connected
S - . - to the horizontl.‘l. rows of lv:ltchee ’
s . . L, hch of “tlie AW. } . .
: Leern1n¢ :Objective: Rero;nize the . P
oo urpoce of any co,micetgon 5-75. What poeition of eech rotary switc of the : -
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: S St Y . <3, Converter .., /- . R
) I T L2 by Patc‘hpl.nel : )
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<
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2. " converter . 1. .increase the speed. of: teletype muqe- M -
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¢ 3 2 [N at R l‘ NDT' : ) L -
o 2. 6 : : “2. IF . . . B
A 3. 16 Tl , 3. CIDE- . . S e
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e tion requirements for distribution - —pYoce:& clluified rinforn:icn L PRI
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ed st .a RED patch pnnol?
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N ‘ . S '; ' 2, 'five equal.code elements.
Tt L -+ * - 3; 26.combinations-of. mark ‘and opace .
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<o T j 2. ’Moduhtign’ond* de-cduhtion devices :. rated: by short and 1ong spocing lig-
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In de\.enining the . guelity; -of - teletype- \6-50. ‘Hhet 1s the first step ‘s techpical cok- .
wr:u:er circui: perforuence, the primery trol ‘operator ueuelly tekee vhen a Bireuie:

- Aconeidere:ion given to the receivedn :rouble is. reported to *him?_.
teletypéwriter ei;nals is that the- signel ) 1. Plug a printer into the momitor juck = - R
‘elemeiits . . % . - * ©f the circuit in question and verify‘ ..

be; vth.iVld at, pi'ecieeiy the corract; *  the trouble « . v -

R 2T YR - .. .2. "Réport the .trouble- to the eiréule .
2. be reedeble at the receiving device . supplier:’ R ’ Coe T

" 3. undergoruniform-lensthening and - 3. Plug a printer ifto the line Jack of T 7
. ehort:ening during trensnieeiou‘ thg, circuit in queetion end evelunte . :
4. :be uniform dn length SR “ ‘the trouble . . T L
© &4, Petchf .test into ‘the equipment a;ia:..k . )
What t:ypesof :eletypwrtter dietor:ion - of :he circuit in question 4 o |
is. cdused, by er.moepheric noiée, power ¢ <« : ;
11ne induction,, end dirty keying contacts? 6-51, Before. eeeuming thst a relsy is defective. . '
1, Blas ® ° ”“”-@_‘ "? » N the output'distortion of ‘the - -relay should oy
2, Fortaitous Do, e ' ‘be: compared- with the - B :
3. Cherecterie:ic . t 1, die:ort:l.on of the test keyer - ’ N
fn Carrier Y . ‘ﬁ . 2. ou:pu: of-the petch penel milliammeter ; W
Loy e 3. distortion-of the input signal:.- R . i‘
An- emple of dietor:ion -would : -4, getenderd -of .acceptable relay distor- ° . . ’"‘?(‘
be :he repeeted ehortpning of :he four!:h tion- ﬁeas"ure'nente- . T e
1nre111.ence unit at the expense.of the« < ’ & L o
2nd 1nte111.ence of 'a character., % 6~-52, 'What is the .first step required of a N . 1
1 cherecterie:ic L ‘ fecil:l.ti“ee controllar e,fter verifying ] ’ ’z:‘“‘;
2. cyelic: . L. that, the 1nconin; ei;nel is subetendard? . RPN
3. carrier IO 1. -Svitch to plein langue;e o N |
4, deley‘ » . 2. Make & report to.-the-circuit supplier oo
. ® : 3. (Not:ify the diﬂ:en: e:etion to isolate - . ;
One mathod of preventin; aignal . dietor- . the problem’ e :
tion on synchtonous circuite is !:o . 4. Assume.a defective reley is preeent :
1. cleen keying contec:e x4 y and “change equipments . : T
2, chenge the length of the trensuiseion
1ise . - - ° <
3. use the :renmieeior deley compenee-— S o Vo - " :
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1 en;pheeized with .

. Legrning Objecz:ive. Identify the 6-53, The need-for .. N . ;
‘ * responsibilicies of a technica . the :trend toward higher transmission
. o . -controller- during a period of ¢ speede and the 1ntroduction of new moclee
cuic ouu.e, and. describe the of:- operetion 1n comunica:ione. . . “ 7
LY trouble-shooting procedures.which ° . 1, an efﬁ.cient antenna ‘ ‘
T . " are.employed’ to-eliminate-outage.” T 2. perfoTnance testing
, T e - . C e~ 3. better’quality control , .- _
v, ’ T N M 4. greater security L -
. 6-49, It oucege -should-occur~on- & circuit, .{' Co T, e e . 3
+  whav is the (reeponeibility -of the station -
having. the receive side. of the ‘ceircuit? | . S * - ‘ . ”
‘I. Trpubleshoot the circuis,,wrkin; - ‘Learning- Objective. Reco;nize the 4 "
. beck to ‘the signal" source - functions-of the Digital Data Dis- - . ;
2, Mviee the- -sending etetion per.od- tor:ion Test Set. . ’ ) .
. ’ ’ "1ce11y of progress-being made: in - - . : N “
s afforts to restore the circuit - - - T e e E e '

o

3. ,Provlde the’ eendin] e:etion vith 6-54.
the reason for the outige, once -
the circuit has been’reatored

4. Do- eech of the: ebove

Which unit of t:he Digital Deta’ Die:ortion , .
Test.Set providee s imulated teletype . .
eignele used t:o teet digit:el data and - B
.teletype equipmen:s”

‘L. SG-885 (P)/USM -
P I e — I
3,

0S-212/USM" Ta o

4. _AN/USM 329(V) :




Y

.....

4

329.
1)

Loe 7T 6-38. Tha ptiury diff.ronce bctvun the AN/USH

V) 1 test oqu:l.punt and -the-AN/USH:
AV)"2; taet, cquipnent 1s -that the.?

AN/USH 329.(W) 1 telt equipncnt

t2 A6,
- 1. iodif:led to- accomodste - ‘only opecd

ar

-panel ntcr e

e . . .
- »

is- ’unted in a clrt, the USH 329 (V)

uck -ountede

‘up to -600- bandl -

ptov:l.du |} durec of‘ long -term lccuucy

6~60. Hh:lch of the folloving otltments reh-
tive to-model. 23 :elotypewr;ter cquiglent
is. fslme? -- .
1. It ,tequirel leu ninteunce than

. older models . ?
2. 7Tt'is not practicsl “for nhipbontd
) use - due to” seuit:lvity to-vibration
3, ‘It is J.ighter and less: bulky than

urlier equimnt . ‘

°

B

not ‘possitle with the AN/USM-329 (V) 2. 4, It is not .as: noicy as-prévious. typés

roquitu opeutor 1nterputntion of
distortion- d:l.cpllyed by thc front

13

-

Lurnin; Objoct:l.vc. Describc the

e v S ey

fncilitiu controller opoiuional
pucticu and: recognize the contoﬁt-

of, the nr:louo* ucordl.

LA

-

How. doas- thc fﬁcnitfil ‘controller address
a distant ntntion on thc otdcr vitc? .
- 1&»

2.

3.

4. -

-~

062 cimlc

Unclaesified fixed’ cntion call signs

Unclnuificd, routiu 1nd1utou
nnin language duignntoi‘- E

6=61. -The. keybonrd, typin; \mit, lnd trlnuitlzcr
’ distributor ste connected in. SA. gg'lllcl;
uriu} in the liml linu, but aelection™

e ¢  of these co-ponent- for either 1nd1v1dual

or’- lhultlneou. opcution 1- JBy the

B. selector.switch;.live test -switch).
1. A, pnullel, B. selector -switeh )
' 2. A. parallel; B, liné test switch.

. 3. A. series; B. uloctor Mtch e
bk M utiu, B. 1ine test lwitch

6-62, What co-poncnt of the AIHIGC-M tclotype-
writer is powered by itl cvn -motor?

1. Keyboard o

o 2. Automatic typcr .
3. Porfou:or X
4. l!pcrfoutor e °

6-57. For the- purpou of rccording circuit outsge} 6-63. ‘Which: -nuunt concctning the. Hodel-ze g

-each hour* of .the radio day on. ‘the: (.:I.rcu:l.t N

tcletypovtiter is cotrect?

&3

2,

) Pgrfomuc( Log.1s' ‘divided isto - 1, The communicstion and weather key- P
s ‘1. -’S minute segments . Tac boardo contliq lcttorl and -punctus- - .
. 2. 10 -minute- upcnés +, tion: nrkl common - to- thc ltnﬁdlrd . K
3 : 3. 15 minute segments: - . : typmitcr . -
. . & 4. 30 minute. upcntl .. -2, 1ts opcrnting .pudl nre linir.ed to - ;
- ' \ 100 or 300-worde pey minute’ . ) :
ES ,(: 6-58. Which' it- of :I.nforntion liltod below 3. -Conversion froa ona spéed: to nnothcr N
: . ie l!D‘l' 1nc1\aded in. nwcircuit outln report? : can, only iu«ncco-plilhod by changing A
o 1. ctrcuit cxpcricncing “the outage _." the -motor . .° e
. . 2. Goo;nphiul locstion ‘of ori;iutor . . 4. Sylboln for transmiesion of weather P
" ' 3. Reason for the outage . ' . data are .contained:in the uppercase S
b. !xpocud tiu ‘of- rutoution keys of the bottom_two rows of the | - |
: : . veather kcybonrd
. 6-39. Aa s ninimm’ requirmnt, bqv oftcn should :
T ' the facilities: control ‘status bosrd be 6-64. "rhe koy on thc wodel .28 ‘teletypeuriter
g nrifiod?‘ s el . o ) Keyboard. thit ypu depress to return the
Re N 1. Once-évery 12 hour. 6' . carrisge when the transmitting gtation
' 2. Onccfcvory 24 hourc 5 : L hae omitted the CAR RET funcrion is tho ’
~ - ot < 1. log~Cx . .
- ‘4, On;o.wgry vjtch . 2. LOC™LE. —— o
S o . 3. BREAK : S ;
4 S . . 4. RPT* A .
o Lurn:l.ng Objoct:l.vc. Recognize the , 6-65. The -odol 28 typin; ropcrforztor d‘;.ffora !
. basic principlu of: tolctypmltcr - fro- the luxililry’tyyin; rcporfoutor in ‘
° co-miutions. o, g ) that the auxililry typing- ropcrforltor * >
. - - 1. utilizes a different xind of typing C
R : iR * machanisa
s . N . 2, ,producu a diffcrcnt typc of pcrfoutid -t
‘ . taps : .
: ¢ 3. hae-no baeklpacn mechanien .
. * 4, has its owu ‘separate.moror and & sepa= Z
<L - : . . . rate keyer ‘in_ the #lectronic zervice ]
. . - ‘sssembly - - .
R 4 _
) @ ™ - = = e =
\ : . . ".', ;'1‘ y & ’ } . o . . 9\ “
A -t we - »
| i\. ’{c‘ % i 9‘;
;‘ : ’ ’ o * i
;’ * - L4 . * * i ' ’
F o * -
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;E_i . 2 " .
‘ w . . 3




= 6-66. Hhich -of. the tollovin; best uphiu thn

8 © function of ‘the. tranimitter di.itibutor
i . of theAW/UGAT . . .
- 1, &mmaion 2 .t :
~ L 2. ‘Parforation s
L ) 3. Synchron.tution . .
s e 4, Seabiliaacion. . o0 e
. “opr
s " 6=61. Which'of the AN/UGCs49.én-1ine- -odu of
o . oporu:l.o: 114’:& bdov, if any, caiises:

the - typ:lu rmr orator, chnrnct‘r coun-
ter, ‘and the trnmittcr di-tr:l.butor 3

T T e 1noponb1¢?
- 1. uybond Co . - Yo
- 2. K.ybocrd—hpn - @
3 “'lapc .. )

S “ 4. "™.n4 of the above; the tnnn!.ttor
T - dunributor is operiable in 111 -odu

: 6-68. Surtiu tro- :ha extrems, lot: hand ‘mAr-
‘. . s .gin vith the.selector- avitch in. the-T
- ponit:lon, it you type m 1S THE TIME

f . .12345 the reddifig on ‘the chiracter coun-
; -ter will bq.
N R D Y 2 I
. e 2, 19
L : 3. 2 :
& 22

' 6-69; Iu crder for the TD- coq»omtﬁot the-
_ AN/UGC-49 to be: operable, the’ ul.ctor °
- wi:ch must . be ia tho x-'r or T ,olition
: . ® and-
PN . 1. the Sk kny must, bo dopruud

id
o

6-74.

. 672,

o ‘ X

6-73.

Hhich t-lntypmiter set doqc not .provide
clpabilitiw for trlnmittin; message?’

L. . AN/UGC=49.

'2. AN/UGC-SO | e
3. AN/UGC=31 .
4, TT 471/UC .

Which. ;roup of tho AN/PGC-” tolctypc— .
vritot sat is an opentot working with .,
vhou ‘he. is: tearing off npn.f.ontod tapes,-
louin; :them 1in, -and then plncin; thc
tapes in-d-grid on the ssnd. bank? -:;e;
1. Tr-306 .

2. T'!»'-308, * - ..
3. TT-=309 k3 A

S

»

P

b TT30 - T . vl

‘The- trnnuitter-dinttibuton of the (A.
rr-soa; TT-310) group-are nutomtic and
apply ‘a- sequential c‘unnol gl..u er}

eliln_a:or) to. uch ‘ou’ going nessage.
1. A, TT-308;. B. nunber

2. A. n—aoa"n -designator
3. »A TT-310; B, nuuhcr
4. A, rr-alo, B.- duigmtor

In vlut ordcr,‘ 1f a.ny, ‘are- out;oiu; tapes
tunuittod by the send bank opoutorlz

T According to hnsth, a lon; onc, L

. “then a. short omé . .?
2. By precedence » L o®
. In.-the.order received

4. Nono R ‘.

.

’

2. the operator must first transait ‘5 6-75. which .group- of the AN/FGC-59 tolotyyo—
s . - e . SP2CR nnl 1L by koybonrd writer set provides duplitate copies; of :
3. the lul!l luy mt be- dopruud two tapes being transmitted. incliding thc
- ‘ - ‘times to set up & receive condition channel numb@r of ‘each ‘trinsmission? ) L
S - on- the. circuit - o 1. TT-306 . - .
oot . . the start-stop laver on tho TD must . 2. TT-308
. . . . be 1n the: mmnmc -position 3. TT-309 - .
‘ o 4o TT-310 - s
A, ‘6~70: ‘Which ot the follovin; tunc,uona,will ;he S ) N i -
© TT4TL/06C pcrtor-? - o . o
\ 1. rrovido a. puo .copy of luu;u ~ :
, - transmitted or received B ? :
/ 2, Punch a upo of incoming L\lu;u " ) . .
e~ ___3,. Prepare._tipe- for transmission. . .
ot 4, Provide send capability !ro- a TD . Q
only . . ) N .
o ‘ . -’ ; :
. to- A" 14 ’ * . t
_t‘ . . ' ' ° *
- d D L3 -’A :
-~ ° ¢ . =
G ' . “u .
"‘w . ’ . . ( .
- — —_ e e e [ Sp— — - 5 ;w s
& - N B . - » 3 .
. 42 o> < . } )
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of th:ls publicat:lon ‘has (have) ybeén deleted in

. adapting this mater:l:al for inclusion in the "'rrial Implementation of a ,

Model System to Ptovide Military Curriculum Materials for Use in Vocational' ’

. LI

YT for use in.vocational and teehnical ~education.
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+10-29. Hhich o the tolloving ections vould NeT
- . be 1ncluded as.a pa.rt -of opere.tor uinte-
’ . nance?
e ’ A - I CIeening « ?
.t 1 3 22, Lubricetion - (RN 3
.- 3 Major pert replacement :
., - L Inepection ; ‘
- , 10-30, Hhe.t Tesults fron. the reguler runctionel .
’ 3 . teete end a eereml pecord of ‘the per- -3
fomence dete on- eech equipncnt" . L
1.- Complete elimination of equipment STy
X . . . ‘failure in shipe .. ’ ot
; . 2. Information:on:the- expenditure of ’ ’
. . ' rfesourees n- uintaining ehip . R
. * &@f ., - - squipment .~ -= RN
\ X . 3 Tncreased. operetionul ree.dinees in - N i
o . ’ ; . ‘ ’ ships - S :
N — % - - -t Self img main ce . o - :
Ny . . ) i schedulee 1n shipe o - T
N . ! * ¢ L
< ¢ 10-31.- In the, 3-M system, the 3-M-stands for
. K 1, preventive meintenence, corrective
- . « ) * *meintenence, "and material control -
¥ N ' ’ . 2. fmeintenence, msteriul con‘t.rol. and
Leeminc deective. Deter-ine the meli‘unction repeirs T 5
" vqioqe typee and levela of equip- 3. maintenance, neteriel ‘and- mnqement ¢ I
nent eeintenence. , . BRE nelfunctions and-material manegement S
\ e AT . ’ S
_ ' ST o 10-32. Hhich are ‘the major componente -6f the : ?
° 10-26. Whichrlevel ‘of maintenance has the. 3:M systen? - T, ] ot
ce.pebility “to, underte.ke major- overbaul 1, Plenned Heintenence Subsystem and o
¢ , work? . . o, X . _ man<hour eccounting ‘system.  ° . ‘ Lt ‘
1. Orgenizetionel N . ) 2. »Plenned ‘Maintenancé Subeyeten end ;
< 2, Intermediate: _ . % shipboard coordinated sllowance 118t S
3 Depot : ' , 3. Maintenance Dete Collection Subsystem . i
- L 'render - . and 'Plenned Maintenance Subsysten i R .
v : 4. Mainted Data Collection .Subsystem . ) Z
10-27- Meintene.nce vork %o .be eccoupliehed by . ‘end .man~hour eccounting eystem -
< enploying .the services-of specieliste . . i
. norme.lly “does NO'I.‘ ‘inclide . t Use the follovins ulternetives for item
1. orgmizet‘ionul 1ével. maintenance. s 10=33 through 10-35: A
* 2. _intermediate level neintenence I.) To define meintenence standards and :
3. " depot. level ne.intenence prescribe procedures end mnegement :
. h.."civilim ‘répair mintenence techniques used to: -maintain equipment ° :
) .- ' .2, To'specify categories of maintenante
S8 . needed for various equipment -and ’
o v - estimete the cost incurred in -per=|- “o
Leerning ObJective. Recognize ¢ , B toming the mainteénarce. tuke, :
uintenence tasks thet -are 18- 3, To- provide intormetion conceming o
, * cluded in preventive maintenance N equipmént melrunctione and the | 5
v and-the definitionm, ‘goals- end uintenence that is perfomed on .
. couponente of the 3-M eyeten. . quipnent :
) o ) k.. To schedule ‘and describe neinten nce :
o ‘tisks and list tools and: naterials
10-28 That portion of the overell concept of needed to perform the : uinﬁenenc . i ™
. ‘the maintenance- -of, electronic equipment . . -
vhich coneiete of checke to detemine it 10733‘ Vhat is the. rﬁnction of the Plenned s . "
u equipment is' mnctioninc properly and ! Maintenmce Subsystem’ o, oy ’
visual ‘inspections for damage ie referred . - : ;
T to as, . 10434, Whet is the t‘unction of the" Meinten ce :
® 1, .scheduled. ne.intenence : o Requirement' Card (MRC)? ) ) o :
. 2. preventive maintenaice . 10-35. What is the function of the. Maintengnce -
< e 3. -controlled-maintenance: . Data Collection Subsystem (MDCS)? [ - , .
a o 4, yard neintene.nce \ B s )
.l o ' .' ’ . g 64 N sy P :
.*,AJ_‘_‘ — N * ’. !
R - ¥ " * - i . « L4 . . ] 7
_— . L o . \ . ‘ \ .,
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Learning. Objective. Recogniée

'cleening procedures .and -methods

for electronics equipnent and the
uintenence needed i’or sir filters.

Intomtion for items 10-36 hzd 10-37

" You.sre preparing to clean the chaisis

of Lr.dio trenmitter.

You begin your- cleenin; task hy

B mundiﬁg“t‘ne capacitors ’-ri
length of copper ‘wire -and ruhbing
all :accessible contacts- vith- eneryk

_ 10-o.

You lhould neéver %ndereltimete the
importance-oi even the wost minor maintes
- ‘vance " procedurea--renelber that the
ujority of feilures to electronic
equipment aré treceeble to
1. excegsive heeting due to dirty air
T rilters.
2. excelsive vibretion resulting from
dirty shock nounting springs
3. —overloedins of conponent: due to
tluctultion in-power
'y, cu‘eleu soldering techniques.and
- slopp:.' t x.blezhﬂoting prectices

M -

“»
4

g
i 10-36
it:“:-‘ -
¢
3 T ~ ~
:
: 4

- Y
« 4 . :
. e 10-37.

peper

2. ~blowing looie dust avay: with*e hmd
bellovs: and’ rubbing ell eccenible
contectl vith emery paper

3. tuming off the pover svitches and.
;rounding the cepecitorl with 2y
lhortins bar <

4, -turning .off-the -pover svitches -and
blowing looue dult evey vith e hend
bellov" - ;u.

Hhet cleenins -GeRY." -hould you use .to

clean. dust from-the chassis ottbe trenl-

uitter?

1. A high pressure air hole and a dry

) toothbrulh )

2. A dup m -and ‘8- moiltened toothbrush

34 A toothbrish- moistened with carbon
tetrechloride end s hn.ndn bellovl

L, small typevriter qleenins brush
e.nd a mu\n clemer

In cleenin; i transmitter vith s vacuum
cleaner, you: find that the»nozzle of the:
clee.ner's‘ hose 'vill not relch some dust
collected in .an-ares thet is ~perticu arly °
congelted. You 'should move the duit to
-8 more ecceuible sres arith ‘the eid of a-
1. hand bellovl

2. - uell type\rriter brush.

3. rubber tube attached to s conpreued

eir line
b ~|teel vire’brush
What material must.never be: uled to clean’
or- repeir electronic equipent?
1. Soap and water
2. ‘Aleohol or wethyl chloroforn
3. .. Sandpaper ‘of files

k. Ewery- cloth or steel wool

i

leeming Obdective: N Recogxim the
_ care and prcventive maintenanée
requirement of teletypevriter, type~-
vriterl, heeaphones and- mierophonel.
,10-41. Preventive iu.intenence ections that an

operetor may carry out on.a telety'pe-
writer include
1. replecing ‘damaged: pl.!‘tl and lubri-
- ceting- the equip-ent\
2. visuelly ex-.mining -and- mue.lly
- telting the eqni]:ent -
’ 3. viluelly exuining and’ replocing
. dmegcd plrtl on:the equipnent .
b, making- edjustnentl and replacing
duuged pn'tl :on the eq.lipment ‘

10-k2, A teletypewritcr operating.at (A. 60;
s } words per minute shoild be lubri- -
: cutedcet (B. 2&09 hour, 6 nonth)
internll. :

1, A. 60; B. 2400 hour
2 A.:60; B. 6 month®
3. A 100; ‘B. 2400 -hour
. obo A 1po, 3. 6 month-
10-43. ‘What emergency maintenance may the
operstor-of a teletypewriter perrorm
on -the- equipuent?
"1, .Lubriceting and replecing dmged
parts
2. Checking ‘connections .at -terminal
boards -and checking contect spring
tension
3. Feplacing fuses and pilot llmpl
k., Renlecing dmged parts o

-

-
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Lel.rning*ObJective' Recognize
cleaning procedures mdmethode
for electronics equipncnt nnd ‘the
mintenmce needed for air tiltere.

Inforution £or-items 10-36 nnd 10-37
Yoq, ue~preperims to clean the- chnsi:
of &- radio .-ans..itter.

10-36.

You should "ever urderestimate the
importnnce -0f -even the most 3inoy mainte-

nance procedures--reaember that the <

ujority of tailuree to eiectronic
equipment are tracee.ble to .
1. excessive heating due to dirty-air
- filters
2. -excessive vibration: renﬂting from
airty. shock - uounting springs
3. mrlosdins -of conponeat: dus to -
. fluctuation in-.power .
4" careless soldering ‘techiiques -amd
sloppy’troubleshooting practices .

’ You ‘begin your cleming tnﬁk oy
1. grounding_the_cnpecitou vith a . -
Tength.of copper wire -and ruuuins
. a3r ecceuible contacte vith -emery =
] . paper : ‘
E 2. ‘bdlowing looee dunt avay with.a hand
5 . bellowl -and vrabbins all- ecceuible
: ) contact’s-with-emery paper - N C
3. tu.ming orr‘the pover switches. snd’
b s grounding‘the éapecitore with-a
: - ehortin; bar .
LI L, turning.off the ‘power evitcfxee and 10=h1,
*  dlowing loose duet avay with o hand
o bellow( :
10-37. -Wnat clunins gear ehou.ld jou use to
cleen dust from the chnsis of the: trans~
o~ mitter!
. 1. °A-high pressure sir ‘Rose -and ‘s -dry
Lo toothbrulh
- ~ .2, AdampTag and a- moiltene;l toothbrush
N 3. A tootbbrush moistened with carbon
N Jtetrechloride ‘and' & hlnd bellavs .
. ! K, A small typevriter cleaning brush- ‘102k2,
: * and. & yacuum clenner
. - - 10~38. 1In cleaning.a truunitter vith a vacuum
N . ¢leaner, you find*thtt the nozzle of. the
T clemer's ‘hose viJ.J< not reech -ome_ dust
W ¢ollected in an area.that is particularly
’ . congested. You.should'move  the dust ‘to .
. & more. acceuible area with the sia: of a .
: " 1. hand bellows- 10-43;

- B Q
|

= A et

2w _sull typewriter brulh
3. rubber tube attached to & compressed-
air line ) .
14. -steel wire brugh

10-39 Hhtt intcritl mus% _never be used to clean
. or repeir «electronic equipment?
. 1.. Soap.and. vtter
2. Alcohol or: methyl chlorofom
3.. ‘Sa.ndpnper or files
L. Emery cloth or steel woqi

A

I3

-

»

Learning-Objective: Recogiize the *

, care-and preventive maintenance

requirement of: te1etypevriter, type~
vriters, he(dphones and-microphonés.

Preventive. maintenance- tctione that an.

operator mny cerry out on a: teletype-

writer include

1. replsacing dmged perte and 1ubri-
cating ‘the- eguiplnent

2. v'ieutlly examining and:manually
testing the- eqwipment :

3. v'isunlly exunining and replacing
dsmaged- parts-on -the equipment

"4, making- adJustnents angd. replacing

dmged ‘parts -on - the equipment .

A teletypevriter operating at (A. -60;
00)- words per- minute should be lubri-

ctted at_{B. 2b00 hour- 6 xgonth)

intervals.

1. A.69; B. 2%00 hour

2; A. 60; B. 6 month:

3. A. 100; B..2L00 hour

L. A, 100; B. 6 month.

What emergency m;intenance -may the

operttor of a- teletypewriter pertorm

on the equipuent?

1. ZLubricating.and replacing damaged
,pe.rte

- 2. Checking connections at terminul

boards and - .checking-contact spring
tension

3 Replacing fuses and-pilot lamps

4. Revlacing damaged parts

\

ok v s ML e 4l s
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* A0~55. As-a rule,. . is the criterion
) ‘of shock intensity.
Y. current,
2. voltage -
3. resistance ’
> + &, ippedence -

10-56. ¢ e person u‘xo has sufier2d a. severe
‘alectric shock -usually shows which of
‘the folloving svmptoms" \
] 1. “Weak pulse - -
: 2. "birns .
S - .Convulsions. - - - .
[ h. Both 1. lnd 2 ebove
6703 Miller, is clemimz a piece of
radio ‘gear’ when he accidently tO\Iches
a. groundw:are md an- energized power
c»‘ble. The intensitv of the-resulting
. R ock :Knocks Ililler unconscious snd
" . . ‘ciuges-him to fall across the cable. . .
’ . <o ~You quickly cut off the source oi‘ power
: ‘ * 't the cable and pull Mi’ller ewey from

the equ {ent. * .

I" you:hed® en- unebIe to cut otr the

- . sourse, of er to- ‘the ceble, you cm..d
. heve dreued iller -uway from it by

using
. 1. your hends B
, 2. your be"t
- : . 3. & 1ength of wire\
L o L, sademplineo.lﬂ'

-t 10-57..

VX e e

of ‘cahfl‘es

10-58. ¥nat is the safest and mo&e preferred
" preceutionery neasure to be laker before
ster‘cing ary work on electr\%c circuits?

. Deectivete all power .squr
B . 2. Strict complnnce uith proce ures in
3 . " o the Naval Ships. Technical ‘Man
o ' 3. A perlcn quelii‘ied to-render f st
aid for electricel ehock lhould
ltending by i
A, Eech of the above are equally. impor-
- T tant - .
: 10-59. To ensure ‘that rubbér metting remeins
- - Y effective and’ safe for use, it must be-
o . periodicelly ingpécted and- clemed to
) . make .certain that which of the folloving
. properties of the nntting ‘are .not
- impaired?
2 1. Elsstic
- 2. Cupacitive ° .ot )
.7 3. Dielectric ’ : -
© v k. Condacﬁiv - . .
. 10-60. What is thé reason all repair-and mainte-
: - nance work op electronic equipment should
Lo be -completed;only- by authorized.persons..
oo . 1.° Avoid the danger of firé "
’ . - - 2. Prevent damege to materials. -
. 3. Minimize personiel injury .
.k, Eech of -the ebove
o=
- hd e
e N
Q» i + . o .
LY
. . . LS

El{lc | .

a~6(7‘

10-62.

10-63. "

10-6k.

10-65.

-Sefety precautions that electronics
neintenence personnel should observe
when theywork with energized circuits
include all of the following practices
except that of

1. vorking with one- hand only -as much
as possible
2. wearing a rubber slove 6n the hand

7 that is not -holding tools

3.. ‘keeping metal tools out of the
pockets of clothing T
L, using dry canvas_ sheets as insulation

_ {from-ground *

What- material £hould you.use to msulate
the handles of tools to. be used i‘or work

on: energ"zed circuits? .
1. Friction-tape . ‘
2, Varnish. or gnamel ‘

3. Rubber tape
4. Cotton twine

All perts of circuit breakers are
conductive;

v

x

The safes” way to close a power
is to

1. move it ‘rapidly through the *full

s'ic- of its. travel

ense tle léver or Xnob to a pos%}ion
'vhere eefe ‘and- quick e‘tion -can-ge
Amede, and then -make the final- motion
positive and repid .

ease it &8 gently as possible through
%he full -arg'of ita travel ?
move it repidly to the -position i
vhere it. is ready to click and then
‘ease it closed ea gently as possible

.tehs

2.

3.
L.

Who has the suthoricy to remcye-a tag
from & power switch' which has been
1ocked - open wit‘* the follmd.ng aotation
‘on it:

”THIS .CIRCIT WAS=- ORIZ.‘:RED OPBN AND SHALL
NOT' BE: CI.OSED EXLEP'I‘ BY DII(E"!‘ OBDER oF

1; Comunice.tions Watch Off:ice:r
‘2, Th= person naking, or in charge ofy
- the repe.irs
3. Comunicetionl officer
Commanding' Officer

k..

N
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Aruitoxt provided by Eic:

10-6T.

10-69;

10-70.

Y Vhich safety precmtion should be

oburved vhen your -work roqnim thet use
’of portnhlc puwer tools?
1. Maké sure that the on/off switch

. s in. ‘the-ON' poution ‘before insert-

ing-or rdoviu the plig from the
receﬁt‘ch

2. Insért the o:;tcnuon cord into-a
uvo mcptmlc prior o connceting*
a: porttble povor tool 1nto the ’
~cxtemion cords e T T

3. Al\nys u.nplug thc oxtnlibn cord from-
the: rcccptacle betorc the cérd.of the
pornblc pover tool is unplmcd *
~from thc cxtmion cord.

‘4, Do not use spliced. ccblu undnr .ny
condition

<

A ntcr coupound cumot be used to-clean

: s piccc of equipcnt. H'hiclr lolnnt ny

‘you. use? Lo :

1.. Guolinc . ‘ - ’
2. Benzige: o

3. ‘Pther - .
k. ‘-Ht'thyl éhlox"oforn :‘ . 7

Which proporty ot csthodo-m tudbes .
(CRTs). makes, them. oxtrmly ‘hasardous?
1. Cldlit-

2. COppcr .

3 Lesd : .
Phonyhor '

What, -type etiergy upidgiu on’ nn objoct
4in ak; oloctroncnctic field constitutes

LR ) biologicn.l haszard? .

1. ‘Absorbed- _energy

2.. Pcnetrntion of energy B
3. Retlectod energy

k, tlectro-qnctic encru

Eléctrou‘nctic energy frc- a frequency
in- the microvave-région is cxtre‘e
dnngeroul to.a. humn.n ‘bdn; bccnuu it
cnulel his

1, internal tupernturc to. heat rutcr

than his ability- to diuipatc the .
inérease.
2. ‘bone tissues to break dovn through
© induced’ -oleculu' ﬂ.brltion o
3, nerve tiuuu to-bresk dmm through
induced Mgh clcctricn cncry levels
4, body to become pcrt of ‘a ciosed. -
) ‘electrical circuit u.nd he 1- lhocked

10=T1. Hhich or;ln(l) ot thc body is/are 1kely - ’ ) )
; to be dimaged by heat. resulting ‘from LT
. excessive exposire to radiation? o Lo
‘1. m‘. - .‘ > -eﬁ o

‘2, Ryes . *, . ' N

,3. -Gall bladder ' ) et

L k. Bach of the .above . B .
10-78 'l)(‘n dlnnr of- eloctrc-umtic (rst) o
"~ radiation. c-u-inc the premature firing N K
of'.rockets-or - missiles and the-explosion. O
hud.l VP fuses, etc, is identified LY

e - 1. HEED (hazards: to- electrcnic' explouve

¥

2. A&C -

‘10=Th. HNigh voltage varning signs are ponted to .

. _ -+ ordasnce) °

. 2. RERD (radiagion nttecting electronic / o

.- explosive ordnmcc) , -,

3. HERO- ‘(hagards. of electromaguetic : ~ T
‘radiation to ordnance) .

oy BAD!!AZ (rtdht;on hamdl) . o

o > . g - ¥

Use tho tonowing altcmtivu for item NS

10-13‘ S PRSI N

- Trend tonrdﬂ more cloctmxplouvc 5o
Mcu (m-‘) in lophilticnted < A

‘B, rend tov-.rdl norc toehniciml 4in e,
§ u;%—of-m' . u % \ v
C. Trend tonrdn higher autoution in
; lhip :yltm . - .
'D. Tremd towards Higher nnountl of - R
. rndintod electromsgnetic energy -7

o

10-73. Wnich trends: combine to form HERO dnngers? D
1 AeB 2

k., B.&

» 1. ensure peruonnol ufety .
Co2. a:tilty mater{al’ and administrative
inspections - ~
3. identify pover sgurces .for portnbler
- tools
Y, olilinnte use of guu'ds for vurning ‘
. perlonnel . . 2

N

N (34
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" Assignment-11. =~ - : -

LR Hl{ntemnce and Saféry. (conc:lnued). Appendixcs T tho ugh VI K o ) . . L " G

v Textbook pue- 310- throueh 348 . L . ' i

¢ - ' . N N . e - - - §

N n.,r ., . B 7 . 7 .' . o S ’ . e ’.', . :’ ;

S - SIS ¥ - 11=4, If after auum:lng that the victin's head o

B . 3 iy ALurnin; Objective» (con::lnued) - and- jnu -are propetly positioned, you ; y

S . Detcmine safery precautions and L are unable -to obtn:ln .air exchange when L

N ~procedures to fonow when - wotk— “ sdn:luistering moutﬁ-to-noufh re,suscitl-

ing on electrical equ:lp-ent the .’ ' . tion, what action whould you,take? - o

R causes nnd effécts-of electric ' <. 1, 'Turn h:lu face down ‘and use the hack e -

T, lbock, the hl!ltdl preunted by g .7 preuure nm-l:lft uthod el R

- eloctron:lc equ:lpnent opeut:ing : .: . L2 Tryx.to get him:to wallow water Coe et

- at ‘high: frequenciel and the . _ 3. 'Tuin him.on his ‘sidé qand strike -, 7", < P

Lo ¢ safety précautions .to follow in o several sharp “blows’ between Hs . e

NN - . handling cathode Tay tubcs and =, ' ' shouldes blades ot

., . c1¢ln:lng clcctron:lc equ:lpleut. -, b ; Place a cloth over. h:ls smouth and oo - -7

T : . wlreath througkit T

o . ———r - - 7 . s . LA
- } " @ - Information. for itens: 11—1 and 11—2. . 11-5. A v:lctj.m of electrical shock has been o

) ’ Sehman: JOl(!S is a victin‘ of e]ectric . .. .. removed from. ‘dontact with the- -eléceriz ¢ - S . R

circuit, but he is \mconsc:lous and his ;
breathing is weak and. irregular. Should o
he be given artificial resjiration -and ! ’
if so, at npprox:lntely what ﬁtequeney?

“shock and . has. no- hurt. beat. Re most probably
has' sufferdd & utdha arrest. There is com-
plctc :buuce of pulu at ‘the, wrht. Additional-

e

* . lys-the. pnp:l.lt of h:ll cyel nre very. d:llat:d. . )
’ ., ‘4 1. No. ©-
L S T Unlul c:lrcul vion is reestablishei wig:h- ’ 2 Yes; 5 times per n:lnute . . S
' . - 1n : n:lnutel, nvete bnin dumage T 3. Yel” 12 t:lnel per- nimite. - S
N . ;" could result. -, 4. Yes; 15 times per- -:lnute ) Yy
) 1. ons ' ’ . . ' . oy
2- m o ’ 3 : : 9 - [ . s i t :‘-" /{
. hrcm . - . : R
S S b. fours . .. i " Leatning Object:lve. Reeognize the . R o
(: . R ) T , procedures. and extinguishing' agents el
- 11-2, ‘Qttenptl +to reeltnbl:llh Semn JONES' to ule to fight electr:lonl fh:es. # .
c:ltcullt:lon lnould f:lrut be nttenpted -by .. L. L e
\ - K] ./ B l , . . ‘!
1. aprl:lclt:lon of cardiac massage 11-6. 'Ihe first” th:lng thatvvyou lhouid ao is to ’ -
. I nouth-to—nouth relpiution ' 1. close 111 doorl A, the -space N . .ol
' 3. -arm-1ift . 2. turn off ail bloveu fn the space Z

S ~back preuute nn—l:lft .. 3. deener;:lu:thc cqu:lpncnt 1nvolved in S

' : the fires L
; \ - ,11=3. The method of nttific:lnl relp:lution that ’ 4. :secme the vent:llnt:lon to the space . S
R is-most effoctivc for an individual of : ) gy
[EAS . . :any age who hu uoppcd bruth:ln; is ’ 11-7. You: lgnd HILLER to lpread the alirm. In , , . " .

lpreld:lng the alnrl, ‘to’ -whom should Sty

B 1. mouth-to-motth  ~ . )
so2 e 2. nn—lif: & S . MILLER: Teport the fire‘firlt. RN
.3. back-pressure arm-3ift: - " ° 1, Commanding officer, . ey, T
4, bazk- preum‘e h:lp—lfft’ - [T £P2. Senior dauge controlnn . . :
‘ : . ©3: 00D, : .. S
v S . ' T 4” xow ; . . . AL Py

ERIC

:
* ¢




i l\it"-.é. As. HILLER luvn ‘to-spread thé *lan you
quickly snb :hc nurnt porl:ablc carbon*
gioxidc fiu cxdnguiuhcr. The cx::l.n-

« gulshér is oquippcd with a oquocuaup I
. ,.tylc release. valyo,ma you: rudy 1efor; . .
. opcutionvby T
: 1. holdiu 1: ‘dredt (vul.n -cclun!.u AV
. . down) and lqu«zin&th. hnnd grip Tl ..
, - 2. holding' ¢ "1 e -
: up): -ands ;-ovin; tM valvulocking
. R NN p:l.n |
© o © .3¢ laying it vith 1:- lidc dovn on thc" :
- . - .deck.and tnoving ‘the. valve lockin;
. R -, pin »
- } &z Iaying it with 1:- -gide dovn on ‘the:-
ST . ’dcck and: _nquuzing t’l\c h.md grip
BRCEA $ O B much of the folléwing types of Fire- ..
. f:l.’hting equip-mt is but‘auimt .
electrical fires?+. - . e
: . O Fog. lpplicator - . ‘.. 3 e o7
S L 2. Foam: appliutor oo Tt ‘ '
* 3. Carbon didxide (coz) cxtinguiuhor N
" 4.. ,o!':l.n ‘hose- .. ;o
J | 11-10. You-direct the flow- of éarbon. dioxi@e
R 4 £rom:lu utinguilher tmrd thufin #
Lo f' ,at a po:l.nt. Jlocated- ! :
e 1 1. .above the tipl»oi ‘the highut f.lm
- *" .2, .at the tips of. :hd .‘.lun ; .
.4 75 3.:-4h-fhe middle’of the “flames . ]
i ’ A at the base’ ot’ the flames - . . -
EE ' bog
IR 11-11. th is thcn a hlutd to pcnonncl whnn
s e -t using. large quanticicg, of clrbon dioxide ¢
to fight a a fire in arconiincd lpu:c?’“ LT
1. €O, is poinonoul tn large: conccntn- Lo L
- tions - - o
7 2. COp displaces air (with its lif,o . s
supporting oxygen) from. thc ‘space ‘
. s S 3. C02 bccoul explouivc i/ laru ,eon= R - )
- o . centrations- - . o N B )
. R 4, COp. chaﬁgos 1nto ‘deadly: carbon : - : o A

I monoxide (CO) under high, tupon- S - - - — .

. ture conditiolu . A | R . SN S ‘. .
R <" | LEGEND. % L
i T 11—12. , 1f carbon d:l.oxidc fails, €0 control -an . . ' ’

RV . electrical fixe, -you l’hould apply- -, . HEAD AND- N%CK . 9 L <

. P “1. -a stream o.‘. vatar dluctcd at the . Z;ANTERIOR TRUNK l8 R . RS
el d 5 base.of the fire * - . é c POSTERIOR TRUNK JB . Lo
— R S a ltrun of -water difected at ;the o ' ‘ .
T Dot~ 3 upper part of -the flames 1 3 ARMS’ I“.‘ . . : I8 (9 %x2)
L e ‘3. -fresh vater fog S| 4 LEGS e 36 (18:x2) 4|
R hemicalfo L e ‘ IR
A s T 7SGENITALUX AND A
L <o ’ 6' g «'., y ’ PERINEUM Lo v J .
‘;.y ) . - v e N «/,( —_— . ',’ ﬁ..J‘, ~ n.‘ - M
. e . R Figure 11A.--Computing body surface o' :
) PO . . ?’ L e * ) ¥ ‘ . ‘
- . ) . - s . . ' s, , ,‘ ,
B ! w"i T ” . : "J - 7:r g ‘ :V * 3‘)' ‘.i
» : . PES . ¥ . ,io,' ‘ ' . .
. o ’ , . A : Tt i ’
# ) ) 5 ¥ , . N 48 . t .
Q B - . ‘ ) . ¢ . .
P .

MC ,»‘,,' o ‘@- | ’; . - ' -.
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f ~'STUDY HINT: An your :excbogk states, the

principll £lctor in.determining the seri-
£ a burn 1c-the extent of body.area .
T? ectiunte‘the amount -of skin.area in-
$¢_the “rule of - ‘nines" 111ustrutedein

« ¥

oushess.
burned.
volved,

2

A~figure 11A.>\In such. cal*ulltionc, you.often have.

to estinnte the percentagec,ofeparcial greas in-
volved. For, exanple, | victim has: bu:ns cover-
1ng ‘the-_front- o£ this. .entire leftfle; as well as
his'stomath and th -front0f his left arm-and -
hand. You uould lltintte thé totll lurfecc srea
’burned 1n the folloﬁin;*wly.k g‘ . -
. 18 w . ‘.x", . .

‘a
W e

““Front onl? of entire\left legv- 2¢- 93 e el

-t

Sto-cch, approxinetely i 1,

B

TR

,VFront oniy of left arn &> hlndc- 2 - 6 1/22v f’)

4

k4

»

. ,Approxinnte totll T 25

A
‘You chould reménber- thlt eltinatel ucde saccord-.
ing ‘to. the rule. of : nines are. only tough-appnoxi— .
-ations--youvdo no: need exact perccntagel -of’
skin -areas. burned Inrorder ‘to .give: firlaueid;for .
burns:. The Tule &f nine- 1- preoented ‘here: only

" asa generai ;uidcline»to ‘use in- e-:i-ntin; the |

ceverity of burns.

3 Infog-ntion for 1tenl 11-13 throu;ﬂ 11-27:
’ ~ “You are flrct ‘to srrive at thé.scene of
a fire. ‘You, find«the following cacunltiel.
POINDBXTER, whoce right hand and- ‘forearn’are
reddened and bliltered. ANDERSOK,,qbobe entire
left leg exbibitc cy-ptono of 1ncreaeed warmth, °
tendernecc.rlnd a reddilh appeerence. STEIN,
vhoce flce, neck, lnd both hands 1@ co-pletely
- destroyed : cnd the ungerlying tiilue is black.
’LAINE, vhoce -burn-'on :his right’ le; ‘from' the knee gs
down is’ charncterized by complete destruction .of
the cEin, with chnrring lnd cooﬁin; of the. doep-
er ticcuca.
11-13. Using the rule of nincc, CIICHlltCWthe
cpproxi-cte extent of: each caeualty.c
i+ burns., -
’ 1. POINDEXTER 62, AND!RSON 92.
- «STEIN 15X, ‘LAINE 18%

3: “POINDEXTER 12 1/2%, mnsou 15%5
STEIN. 182, .LAINE 12
3. POINDEXTER 9%, ANDERSON 24%,. . .
, STEIN.29%, LAINE<10Z -
o 4. POINDEXTER & 1/2%, ANDERSON: 1az, .
STRIN 22 1/2%, LAINE, 7z e

Uhich cadualty do you consider the -olt ’
cerioully burned? .
1. POINDZXTER . .
2. ANDERSON ' o 4
Ch. sTEN T .
v o, e

LAINE ; ’ . L

<9k “

11-15.

1

v
v

11-16. ,

IS .

.- 11~18.

11-19.,

0

From,the extent of their 1njur1es, whom ¢
- can you expect to:go- Jinto- shock? ‘ c A
‘1. POINDEXTER and“ANDERSON - S .
2. ANDERSON lnd ST"IN PO ¢ G
3. STEIN -and- LAINE T T e
4, ANDERSON and LAINE - RS T
Unlelq‘edequate medical treatment is . I
rendered, whose life 13 endangered by his N
. burnl? . . .- -
1. POINDEXTER's' x R Ce
2. ANDERSON's = . - \ St
3.. STEIN's. e ., s
umz §- ) i . w
Which casualty has’ first degree Burns?, ’ Ly
1.r POINDEXTER N N
. z. AHD!RSON ,‘ syt P ‘ . - ;315‘
3. SIEIN A R S
b aumz LoD : IS
S ¥ ]
Hhich of tbe following clcunltiec would e s,
probebly experience .the most pain? N N
;. POINDEXTER and STEIN' , _ s .
- ANDERSON and LAINE. ~ T DL
3. STEIN.and LAINE . oo
4. -ANDERSON and STEIN- . i : o
LAINE‘infornn .you that 'his burnc are not ., .. A
hpaipful. Is this absence of pain unucull’ oL
1, Yes; thic degree of burn alwuys : A
- causes severe pein . “ I
2. Noj this degree-of pain- usual‘y : .
dectroye cenlorynnerve,endinre ‘; A
3. Yes; -this degree of ‘burn nsually N
s - involves highly sensitiveé muscle ° ’
. tissue ¥ . -
4., Noj this- gegree of burn produces . ) 4
severe chock which ‘eliminates pain B
PR ¢ N N N . :.
. oy . ,
H y !
. Al .
i ¥ ' »
o t M
v o Of‘*/ 4 ‘ . 7
- “ oo 2
- P ‘{, "‘
i ’
! .' 2 A : {‘ ¥
v t X ot " ’ . N -
" 3 -’L “; ’ X "“‘ s h
k2 v 1 .
“ ; ;
¢ 3 ‘ .‘ LI N *lf,
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and prevent'.or ::cc; whodk -
2. ~r¢11¢“*pa1n. 1-ob111u the
fbuznod ‘areas, : and apgly antilcptic-

.

* A . :o the-burne . .
3., prevent shock, open - bli-tcr- and
N apply-ver tnciupg:lc duuin;- to”
. the birns
4, rewmove fonign ntcrial- from the |
bum-.oapply hot noist pacb to the
burns, ‘and’ provcnt 1n£0~tions .
: 11-21. As au emergency lcaaurc, what :rcc:-cn:
may you.give PotND!XTll, Auntnson..ud
LAINE to lcu-cn the dn-a;ing affects of
their- burﬂa?
) 1. Ims ratn; their burnod cxtrcni:ic-
. . 1n aTH salt wazcr
R 2. Hgappiu the burncd ‘areas 1n A dry
‘ .. ‘shest
“ 3. Applying.a. thin. coating of butter ..
R . - ’ to ‘the burned .areas; .
s : Z " 4. Soaking ‘the. butnnd“lroa- in ice:
o, : L vater . L ‘.l
o 11-22.¢ What is- the: principu dcn;cr -from s'rﬁm‘-
bum-? .
¢ I'n!cction ‘ j
2. !J.ood ~poisoning % ™ » !
3. l‘.oborrhqc v, ’ Lt
&.‘ Shock . :v"
¥ ,-11-23, In trnting STEIN ’for“«-hock,; what exccp-
R tion should ‘your imkc to. the’: general pro-
1 *

. ,,.;» ) )

ccdui‘c of nhock trut:unt? . p
1 chping ‘him-codl’ T
2. “1Giving. him liquidi by* iouth’

. Pl,aqing‘ him in. a -1::111; poution
19. Giving, hi- 1/1. ;nin of morphine .

f
~

\v(;

11-24:, You,can“help, to prevent infaction of:
¢ ! T snm'- burn- by - "
‘1. w ve Ting a mask and-using sterile

4
.o®

&

El{lc :

Aruitoxt provided by Eic:

te, hniquu ‘88 -uch as pouiblo g
2. wuring rubber glovu and lpplyin; o
i 'lntiuptic- to the bum
3. -applying conpuuu loakcd \d.th <.
- iodine to t;ho abum- v‘
applying’ & thick coating of bacitra-
< ein to qthc bum-éﬁ )

11

11-27.

11-28,

11-29.

pllcc by a thin: ucrilc banda;c

o \

fter you drcs. STEIN's ‘burns,; the cor= .

t prccaution you ahould take uurding

the - drcuing 1- ‘to e

1. kcep the,adrusin; vet -with. aJolution
of chhiran chloride B T

2. remove the dreuing"far’"a pcriod of
30 minutu every .two hours

3. ‘see that ‘the dreuin. is undi-turb(d
until medical lui-tlncc arrive-

4, apply a frish duuin; -avery: hour

v-‘”’

Which of the followin; trumnt- -hould
you:have given STEIN. had you expected
mdicel. luintlncewithin, ty¥o hours?

Applyin; pctrolatu- to- th; buris¢dn

"his face and tieck and :hncuing his
 arms. in icu‘vwltcr

2, Covcring the bumcd JAreas wi:h a .
stérile wrapping- and cruting ‘him: 7

., for shock.

3. Cleaning the burned ‘areas. with soap
and water: and apblying sterile- dry
gauze - duuing .

4. Leaving :hubutnod aress opan- and

fdry and truting» hi- for lhock

‘Bcfou,givving uorphine to relicve a

burned-patient's pain, you should make,
ccruin thlt ‘he. is free of

1ntcmnl 1njur1u : ix
‘z., head' 1njut1e- N
3. ‘severe bleeding . et
4. brokcn bones - o

s . -

Thc correct fint aid-procedure ugard-
1n3 forei;n material that is adhering
to-a nvculy burned ‘area is to

SR U

remove it carcfully. using sterile
. :cchniquc ’
2. -oak At loose with warm nlt witer
3 clunu the area with -oap and wlter '
lnvc it llonc ,

'S

r
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For 1:-: 11-20 throu;h 41-26. assume 11-25. As & dzes.;ng for STEIN': burns, you .
- . that the sarvices:of medicil perdornel . .apply. . : - . A
_ canpot’ be obtained within the- ncx: four - hours, 1. sterile Pgtrolg:_ gauze covered 1:\ :
K You an oo ad-iniucr thc nccuury ﬂ.nc -aid tu[n by fluff, -of gauze and arge ;
~treatmént, All 1tm nccc . for treuing ; . Y: TN

burnl T availablo for your - uu. . 2, ;1od1n and ‘seal the. burns: with I

’ ’ C ldhelivc -npc . .

N~],.1-20., Your uin tasks' in givin; urnt aid ‘to. © 3. s vet antiuptic compress covered
i ; the cnl\-lt re to. - .« . vith-a largo stcrﬁc dressing G
D T P“"ﬂt 4 fectfon-, ‘reiidve. Plill- 1 4, sterile absorbcnt cotton held in .




- - s - R . * 3
. N < N
. «
- . - . - * - - .
. T . LN N e oo
o ¥ . ' s @ ~ . N
. . . . A ¢ . 3 -1

i1~30. Ao !1rot nid trutnont Eor a thoml " " 11-32. tht two controls of the receiver are. e, . o
) ~vbur'n of ‘the-sye, yo'u- put into -thé eye - located on. line BG of figure 11B? - : A
. a’few drops of - 1. Break in-switch-and function switch . - o
DA ol:l.vofoil ‘or. clesn- -1nornl ofl 2. ,Audio rooponoe- control and zero ’ b
2., clean l_‘inorol oil*or diluted T adjust control > - L
. o e ¢ - 3. Audio reoponu control nnd brenk R
R ST - d:l.lutod vinonr OT wirm-salt water . gwiteh’ ¢ U
: W 4: vorl salt’water-or boric acid - 4. pro witch \nnd zero ndjuot control. " o L
" e . 11-33. Clése to the freguency. 1nd1cntor dial e L
C T on line DI of figure 118 are, the two ‘ . o
“,‘"*j Lolrnm Ohjoctivo. hco;nizo ' controls of ‘the receiver naned: ST
the’ location. of’ the’ controls on. 1 1ocal gain control and nr gain ;
_ the fromt. ponol snd thc opornt:lng T : control . e - .
procodun “for tho ropruontntin ‘ 2. dial lotk and zero-adjust control Y

-radio rocoivor, 1-390“0!! .o 3. dial lock and"RF-gain control’ L
) ) 4, zoro odjuot ‘and loul glin control . R
- > - ; 11=34. Where dre. the pm pitch, local glin, RF R
UNE;LEV/Euy . o ‘C'ABRI:ER‘L_EVEL i .gain-and function controlo located in ° ’ .
- METER". "7 METER . ' figure 1187
T . ‘4 1. 'BF pitch and local gain corntrolo on ) ]
. 1ine -CH, RF gain nnd ‘functidn controls - B
' on line BJ . . ) .

2. TFunction and RF gain. éontroll on " -
line CH, loca) gdin and 3r0 pltch )
. contfols on line EJ' - "
3. PO pitch and, tunotion*concroln on "
1ine €N, local gdin-end RF getn. ~ .
) ] controls on ‘line ) Af . e
N " 4, RF gain and Eunction controls-on T
line EJ, locll sain and 3FO pitch

'controlo -on line CIL . .

1&?"@"’"'04 -@--f: <-0Q-- TSy 11-35. To energize the filament oupply voltuoo
T —— e Cieamro v e o without oupplying plate. hupply voltages
_ e - FREQUENCY ‘., t: the ‘tubes ot the rocoivor. you set
s EARPHONE COUN ) -3 . the g L
- E“JACK es Lo TER} ‘iOLOC,YCLE L « -l function owitch to its MDC- pooition "
AL S v 2. function-switch to its STANDBY .
’ L S weekvele - e o
. o . AL : ¢ 3. break in switch to '1ts:ON position
. - - oF0 ‘ ‘ ~CHANOE . 4. BFO switch to its ON pooition .- .
Hgnro 11B.==Disgram of the trqnt papel’ of . . ! N ’ '
the 2-390A/URR’ radio ‘receiver. : . ‘ @
<
8 11:31. Which controls are located along line : F N
T AT of'figure: 1152 . o : -
*‘l. Tine ‘meter. control. line gain con-, T . ' ) N
. - trol, sntenna tri—r ‘control, break - : ‘ R ’ P
I 1z switch,. ondnudio Tesponse . . - Lo
) .. comtrol _— . . .

“ 2. Line meter control, line 'nin con- . . . R L s
*.trol,, antenna -trimmer control. AGC, . . . - : . .
and linitor control N : :

3. Line meter control, anterna: trimeer e, - .
control, function switch, limiter ® . ‘
control. and dhl lock : , . i -
, . A Liutor control, ASC, d14l 1ock, o o . .
.- J1ine gain control, and fungElon - . . : . ’
o svitch , ) oo -~
< ? = . Q . i ’ '
* L% [y . N a . ': . .

A4S

X .
[AFo e rovded o v 0

[N
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Aruitoxt provided by Eic:

-

N ¥ Inforution for items 11-36 and 11-37:
Yourln pnparin; to vu:ify tha: the

~=t¢ldin$ of the tuning dial cottupondl to the;

fuquncy uccivcd by thc l—390A/Ull >rldio.

11-36. 'to vhich’of :the- following- fu%uoncies may
you tune-the.receiver io'.order ito CIli-
brate' 487" K
1. 700" kiiz - ‘
2. 725 kHz . .
3. 750 kHsz . ’ -
lo‘. 777 iz ' oL
You uctivn:e the otablc cry-ul oscil-
lntcr that .uppliu the .calibrating
ligml to-the receiver by.
1. ' setting the function awitch to itl
CA!. ‘position
2. turning the- 3P0 Mtch to itl ON
. pocition '
uttiny the funcuon Mtch to its .
N MGC ponition . S -
4, .ssttipg the BFO switch to'its- ou
-+ . position and the BFO- pi,tch conttol
‘to; ite +2- position: .

1137,

In iteas 11338 through 11—60, ulect from
column. B the “control of the R=~390A/URR . uccivet
that causes the ‘action in colum. A.

A ACTIONS | 8 COI!'I.'I.OI.S

11-38. Adjultin; the tuned 1. Local gain.
" ¢ircuits-of the r~f :
- .portion to chaige the -’
‘selectivity of' ‘the .

:.ceiv,;. “* 3, Bandwidth .

.2, ‘Break i

-

11-39. Conttolling the level
) of the output to thc ‘4, Antenna
‘phone jlck. trim
11-40. Activutln; citcuiu o,
*  that allow the receiver
to be .used:with a . _
.transmitter. . * '
' -~ %
1i-61. ‘You adjust the level of the audio out-
put used to operate terninal’ equipment
by adjusting thé ftont panel control
. labeled e
. 1. 1line gain . ¥
2. local gain - A
y 3o RF gain .
. 4. audio response

-]

.. -
"11-42.

11-45.

11-44,

11=45.

’ligmll and flkanoduhud ligmh res-
: pectively? . 5
1. ‘Voice .and’ flk, 2.0r 3 o

ﬂdjmting ‘the anténna trismer (AT), #nd

1. =c.:;ti¢r level meter: (TR) (A‘r), line

level neter (1) L

2. ‘Carrier level nmeter (A‘r) (‘r), line
‘ ,‘»lcvcl -meter. (TR) .
3., Line level meter (TR). (A‘r), cntict §
level metex (T)-. i
Ling level meter ('l'll) (r), cu:rie: Y

-

& *

What are typical settings-of the lilitet
control 1f you are monitoring voice

2. Voice 2 or 3, isk 80r9 -,
37 Voica 8 or9, fek 2 or. 3 Toae,
lo. Voice and' L8k, 8-0r-9

Hhich‘uuu of the ucci\nt help you
in. nnking -tape rccotdinu (Tl). in.-

4n ‘tuning to the exact frequency- that
gives: the strongest ligul ()7

lcvel ntct (A )

<

. . I

:Learning Obj ective:

lico"-gnié'. '

thc uses, cfunctions -and charac- - *
teristics. of the Convettet T

Conpnutor Group AN/UIA-,UC. .

separaté modes of operations?

1. One;’ divetlity ',
2. .One; linglbc receiver

3. Two; dual receiver and diversity

‘4. Two; single uceiv.t lndfdivnuity -

The M/UﬁA—:'lT is capable of how many

What aspect of cdnvertcr apctltion is

most important to lcgicve good communi-'

cations?

1. Allowing at. least 10 minutes for the
cqugpncnt to -warm up

2. Adjust controls in rear o- cquip-
ment «

3. Proper tuning of‘th. tec.ivct feed-

ing the convertet

Study visual presentation of signal
on oscilloscope !

be

*q
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ae
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" . : - Figure IIC.-—-D:lnru ot -on:ltor o.cillo‘ - -
LN e -scope: patierns for frequency- . . ' .
) 0 ; oL shift cohvcrtcu,, , o ' - -
: ’ - ) (1 239 3 re\'iud) oL . o ) o : ’
.Y . 11-46. Which .cope pattcm -of Figuu A—Il-l :Ll- _;-51\. Which hcapg sequerice moves the cursor st ‘
v . lustrstes a’ correctly turied .oiml? ) ' up,Aonc line? o , Lo, e
- 1. 1 - S R 1. "ESC O . Lo
‘2. 2and 3 . Lo v « 7 <2, BSCi e L ’ %
. 3.,"]‘. and 4 : RN 3. BSC? . ) S .. -
: ’ lo.'b_ . ce R B 4: BSCB - . Ri
. - o 9 A - ¢
. . 11=47, The function contrul switch of the AN/ P } L
“ . m—u conurur io in'the” ) ' . .
S poution if the: input :..I.gnll ‘from: the I.urniug Objcctive. Khcognize the A
W . ‘teletype printer.ds rnovcd. ) « " Pfunction of the Digital Data Distor~ - -
‘ ' 1, SINGLE . 4 ‘ t:lon 'rn: su m/usu—329(V) . . teod
. 2 TUME. . o e : . e e .. ]
3. ‘nxvusrn e < - 6? ot oer T S » )
. 4. DUAL. . 11-52.. Hhieh -13na1 nncutor suitch selects : 5,
. - e . - the ‘signal .pattern? - )
R " 11=48, The (A. POLARITY;FUMCTION) switch of + 1. CODK LEVEL o .
L, the AN/URA-17 should be adjusted to the 2. \CTER RELEASE |
, (B. NORMAL;REVERSE) position if the - 3. nlsrontqu:m‘,mf
- ‘teletype printar s garbling. @ . 4, OUTPOT ° -
. ( 1. A.. POLARITY; l. NORMAL . ° .
o 2. A, POLARITY; B: REVERSE 11-53. The signal lamp of the -1m1 gcncrator o
. s 3, A. FUNCTION; ‘B. NORMAL - . ‘glows continuously vhomvcr the -unal T
N 4. A. YUNCTION; B. REVERSE - . is'st a8 -
“ . 1. mark levcl
e e L - 2¢ stesdy nrk N
. o 3. space lavel ' . o
: < Learning Objective: Detarmine thc ¢ ' N ».tudy space R
N functions and: controh of the e . & <
. code snd: how they -nly to hndcl 40 11-54. What" tm of maintenance can-sn operstor
“ d.u terminals. . . perfors on signal.generator equipment?
: : N 1. Preventive maintenance
. - L oL - . ‘2. lophcmnt of the 1llpl and fun-
11-49. Why was the ASCII Cody developed? 3. Replace .tubes: . ‘
1. Accomplish data. transaissions ° - 4. Each of the sbove \ ’
R 2. Provide for additional symbols .
’ 3. Purnish parity chockin; ) 11-55. Hh:lch ststement 1- TRUE regsrding opers-
b. "Each of the sbove . ’ . ‘tion’ of thae. Aulyur-olcilloscopc‘t . TG
. " - 1. The FOCUS control displays Digital <
11-50. which ASCII .control diaplnya symbol Waveforn
. lud moves the cunor -to start of o . ! 2., The Oncillolcopc is clplble of *
next J.iu, and. cammprintcr to print uuur:ln; diuortion - e
- next charscter. st dtlrt of next line? - 3. Saparate operstion of the oacillo— : .
1. W . s scope is not recommsended v ;
$2; ML . . . 4. The CRT selects synchronizing signals
.3 r Teoe - for. oocillqltop. oveep .
., -4, CR - - : A
o : - R
N M A .
Al . A ‘a
D 3 . s < ¢
. . | I
B e N - ) . ' )l
. ; . . '
LI _ R z . L o B R o s
. i - el o . e ‘ '
o : . . . 5 3
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“11-56, *Which control of the Anslyzer ’ulccu
‘band rate: fto- 37.5 to. 4800.0f :l.nteml
:m bau‘le . i
1. PMATE switch-
- “2. e IAS! switch
-INPUT. Mtch , -
rouun lw:lteh ’

.‘Luming Objcctin*. Id:.*tify the
mnin; of opcntin;,limll. .

N
.

. . - - - I N

- P SEI

In items 11-57 throu.h 11~61, uloct fro- column
3 the opcntin; sigaal -which sefves thé putpou
deséribed 1in. cc]._ A,

’ - . T Y

s A Pu ses l’.‘QE' rating signals
1-57. Recetving garbled 1. m @) )
C tnfﬁc. ’ . .
0 I A N W IR
11-58. This ie. ly ‘ ; )
second Tequast. 3. 2K (1) (2) -
11-59. Massage-not &, zEC (1) (2)
received. . ot .
11-60. Raceiving -uu;o
) clegr.
"11-61. Meseage unidenti- .
. fiod, sive amplifying =
data. . N
.11-62; Which opérating aimz. ould:most likcly -
. be used if a nessage il bo:lng puud for
comment?
1. ZM ' he
2. QEK-S 3
« 3, 2m-3
A, ZFI ¢
. w -
-
* )
) AN

- M 18

T 11-64,

11-63, " What opcut:ln; signal vould ‘be- und to
request :l.hfomtion -on a date. th\o group?
1, le-l .

?.. zir-2 A

4bou ZNB: :

. - - . o —

t

.. Lurnin. Objoct:lvo. Identify DSSCS
opcnt:lns -igmlo. ' T

. <

= ~ Car—

Hhich opcuting oiml is part of thc :
.- ucu;. format’ :l.ndicnting the ctart o! .
. " texe? o e . ’
l. m',;k‘\: ’ . 7 *

wo o

. M
¥

11-65. Hh:lch opcut:lnl signal is uud on thou
< amiqu :cquiun; co-putu' procnuing‘l
1: 200 . S
.2, ZNZ-1 .
3. ZCA--- O .
N 4. . m - .

11-66. Tho uu of ‘which opcntin; ciml must
be limitod to conditions .of ur;cncy‘l
1, zzn - . -
.2, 228 -
3. ZYH "
Y VR4 % SR .
L 4 “
<, '_. !
. Y
r . P -
3. .
- 3 >
b :u‘.' .
- N,
° -

Y

-
¢
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The -Co mmunication Technician O 7 & 2 is; written for. enhsted

“personriel of the Unlted States: Navy»and Naval Reserve whose duties require
‘them t0 have a knowiedge of. the. fundameruls of commumutxons The”™
.+ . primary objective of this Raie 'l‘mmng Manuai and. Nonrésident Career - -
“ ‘Course (RTM/NRCC) is-to-enhance ‘the degree of cffectivencss-and quahty of
-vcommumcltxons L ‘ )

. Thxs Rate. Trammg Mmual and Nonresident Career“Course provxdes
. sufimarization of .the arious functions-of communicatioris and- the processes ~ . _
that. support these functlans The opening. chapters provxde general =
information coricerning~the- "CTO rating, security and orgamutlon This; is Y
~ followed by-a-study-of communication theory which incliides & discussion of )
; fodulation, the: frequency spectrunf commumcatlon links, transmission
e . systems, and. wave propagat:on 'Dps coverage will' be very helpful to the a
readér: since message traffic flow as ‘dépendent upon. the: quahty of cnrcunts ‘
' ' and eqmpments promded ] ) , 3

[ .

‘ You will note a2 broqd -area of thiis mamw‘ ‘desvribes message preparation
s . ‘and forinats. Although: large. numbers of messages are_processed;:transmittéd.
.+ - and recenved via sophnstxcated«automated equipments, the key-to the system-
" is'the care w;th iwhich you prepare the message s

Y - R4 ’

' + .The concludmg chapters cover the npssxon of each NAVSECGRU .

.. . communication division and. a. number of standard practices - dealing with
e -mazntenance and safety ) . , .

%

N ’l‘he subject. matter pre.,ented in eavh c‘ apter-is supported by references |
to pubhcatnons and dlrectwes that prov:de ‘more specnﬁc mformatnon
Lo Those who work in commumcatxons know how frequertly: prooedures
- and pubhcatxons change. This Rate Training Manual and Nonresident Career
. , Course was up to daté ‘when published, and ix will, from time to time; be
. revised, Between revisions sometobsolescence is unavoidable; For this reason
. » it is sdggested that you use ofﬁcnal communication. pubhcatnons as much as
S poss:ble in-your study for advarfcement and refresher- tmnmg

. * ' Desxgned for mdmdusl study . .and-not’ formal classroom instruction, the
A - ‘RTM provides subject matter tﬁat relates dnrectly -to the occupational
S quzhf' catxons .of the Commdmcatxon Techmclan (0] ratmg The NRCC

3 - " Y FOR OFFICIAL USE ONLY

b . : oy '

A




- provxdes the usual way of - satlsfymg the requirements for completmg the
. *RTM. The set. of assignments in the NRCC mcludes learmng objectives and
~e " supporting items deslgned ‘to'lead: students through:the RTM. -

. » - 3

Thxs trauqng manual and nonresxdent career ‘course -was prepared by the
Naval -Technical Training Center, Corry Stution, Pensacola, Florida, for the -
Chief of Naval Education and Tt raining. Technical assistance was provided by
the Headquarters, -Naval  Security- Group Comimand and the Naval‘Educition

and Training Program Development Center, Pensacola .
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L THE UNITED STATES NAVY - -
. |7 . . GUARDIAN OF OUR COUNTRY.

The United States:Navy-is responsible for maintaining control of the sea
andis a ready force on watch_at home and overseas, capable of. strong
actum to preserve the peace or of instant offenswe action to win in war,

itis upon Ahe. mamtenan e-of: this control that our country s g_!qnous
. future. Jependa. the United- States Navy exists to make it so. o
4 . ’ R . .

- “ . WE sgavs W|TH HONOR

Tndmon .valor, -and.victory. are the Navy's heritage from the past. To,
these may be added dedication; d:sc:pllne, and vigilance as the-watchwords

<

of- the present and the future.

At home or on distant stations we serve with pride,.confidént in the respect ’
of our.country, our shipmates, and ouc families.

o T : Our responsibilities sober-us; ouia‘dv'grsitieé’s‘tr’bgthen us.

T <Service to Godrand;(‘:buntry is.our special privilegé. We serve with-honor.
4 q

N : T .

THE FUTURE‘QFJHE NAVY

i . The. Navy will always employ new ‘weapons, new techmques.wand ——

- tbem and in the aif. . 4

N . - [y . Q
e Now and in the future, control of the;sea gives the United States her
greatest advantage for the maintenance of. peace and for victory in war.

- Mobmty. surprise, dispersal, and offensive power are’the keynotes of* .

~the new.Navy. The roots of the Navy-lie in a strong belief in the .
future, in-continued dedtcauon to our tasks. and.in reflection.on our
heritage from:the past .

"« Never have our opportun'ities and our responsibilities been greater,
. ¢

d ¢

s : . greater power to protect and defend the United States on the sea, under T
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~ Every naval command aflcat and .lshore 15’
‘assignéd a-mission. and supporting tasks’ thdt.i may -
vary from.-combat operations to support .of the
fi ghtmg forces. In each -case the:communication
requirements of the- command-are denved from
{its mission and ‘tasks. .

In order to ensure maximum contnbunon to

) the mission of the command, the communicator

e sh ould possess .an understandmg of the
communication facilities he uses.
Commumcatxon equipment today lS becoming
increasingly more complex and, although you

- will.noi-be required. to qualify as.a spec:allst in’

-~ communication methods, pnncnples of

_‘operation, and the lumtaftonseand ‘capibilities of
. selected systems used in communicating
. between distant points.’. : ;

. certain. basic coricepts in: commumcatnons in

e whlch the. communicator should be, at a

" .minimuin, awa}re and’ eonve;sant The subject of
commumcauop theory angd.. the functioning of’.

: -specxf' ¢ types of eqtupment will e discussed
later in this manual. The information prescnted

in. this- chapter will provide a ‘basis for
understaiiding these subjects. -

IS t . ‘
B . N
5

o . TELECOMMUNICATIONS

¥ o

' “The’ derm. _telecommumc.utlon, refers__to

communication over a distance and includes any

’ transmission, emiission, or reception of signs,

, signals, writing, images, and sounds; or ,

~mtelhgcnce of any nature by visual means, oral

means, wire radio, .or other electromagnetlc

systems, Telecommunications used in the Navy

are of three types: electrical, visuzl and sound.

K 68
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Pelect;omcs, you should: be familiar with” the

radio

<

ELECTRICAL } ,

[ <

ThL means of commumcatmg electucally ire
by radio and wire. The former wuses
elcctromagnetxc waves jiot guided by a physu.dl
path between sendér-and teceiver, whereas wire
" uses. e}eetromagne tic waves carried by,
electrical’ conductors. that connect the scndlng

_and reee:vmg equipments: .~ - )

Radio is the. Navy’s most 1mportant
effective means by which the activities of = .
widespread naval forces can be contmuously
coordmared - '

e ey

Rndxotelegraph ‘
Radlotelegraph (contmuous wave or CW
teleg}aphy) is a-system for transmitting Signals

The objective | of this chapter is to preseut s " by using a wave -of radiofrequency, (r-f) energy.

The radio operator Separates the continuously
transmitted wave into-dots and-dashes, -based on
the Morse code by opemng and closmg a
,telegraphic handkey Ly
Radxo telegmphy ‘'was the first means of
communication. of military and
commniercial 1mporta1ce Although there have
been many advances in the field-of radio since
Marconi succeeded in sending his first “wireless”

message, radlotelegraph still is used as a means -

; of communication to, from, and among widely.
separated units of the Navy

The relatively slow speed of transmission
and the requirement for many experienced
operators arc -the .major .disadvantages ,of"
radiotelegraph. The mam advantage is relisbility.
The need for a thmkmg person at both sendm;_.
and receiving stations provides a degree of

_intelligibility not present in automated systems.
igibility no utomated sysge
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Radiotelephone ',

Radiotelephone is one of the most useful

‘military communication methods. Because of.its ' '

_ directness, . convenience, and ease of operation,
radxotelephone is used by shijps; aircraft, and
. shore’ statxons for ship-to-shore, shore-to-shxp,
ship- to‘shrp, a1r-to—sh1p, ship-to-air, and
air-to-ground communications, Modem .modes
of operation make it possxble to communicate
-around the world by radiotelephone. One of the
most important uses of radiotelephone s
short-range tactical communications. Its
capability of transmitting voice srgna!s endbles
the responsxble officer to talk. directly with the
officer in tactical co'nmand and wrth other

prepared for transmrssron

enough to-have 1me-of-srght charactensﬁcs, that

~ ships. Little delay results while.'a message is
and
- acknowledgements. can .be retumed- mstantly '
E Radrotelephone equxpment for ‘tactical . use.
“usually ‘is -6perated- on- efreqhencxes that are hxgh .

commumcatxons "across ocean arcas The
teletypewnter junit- is equipped with a»keyboard
similar -to a..typewriter, ‘When ‘the operator
presses a key, .a- sequence of signals is:
transmitted. At receiving stations, the 51gnals are
fed into termxnal _equipments that type thé‘
message: automatrcally.

The ‘RATT mode of transmlssxon/receptxm, :

is rapidly becoming more efﬁcrent and reliable .
for communications between shxps and
s}up-to-shore Addltronally, all ships-so eqmpped
copy fleet broadcast ‘messages, on

r‘frab.

e
ity e 4 aaiw

rad:oteletypewnters The ‘speed of cleanng

message traffic.on radloteletype circuits:depends .
on the eqmpment in use. Normal speed -of
operation is 100 words per minute, but may . e |
faster or slower. 'Ihe ‘use ‘of RATT has_ brought
abouta consrderable savmg in manpower

Fawmﬂe L

Pl

Facsrmrle (FAX) is- the process uSed to

-l

‘n
.

is, the-wavesdo not—FoHew—ttte—eurvatureroﬁthe_ transrmt photographs, charts, and-other graphxc—Q

" earth, These charactefistics limit the usual ringe

of  radictelephone: from 20 to ig miles.
* Radiotelephone procedure can be learned easrly

by _persong with' no other training in
" coramunications.
Radiotelephone also has disadvantages:

" Transmissions may be unreadable because of

static, enemy interference; -or high local noise
level caused by shouts, gunﬁre, -and bomb or
shell bursts Wave propagation charactenstrcs of _
radiotelephone frequencies sometimes are
unpredictable, and transmissions may. be heard
from great distances, Most radiotelephone
messages . are in plaxn language, and. if
information is to be kept from the enemy, users
must keep their messages short, stick to the
proper procedures, and. be careful of what they
. say T :

'I‘,qletypewﬁter‘

Teletypewriter (TTY). signals may be
transmitted by either landline (wire), cable, or
radio. The landline TTY is utilized both by the
military sérvices and by commercral
commusication companies. Radxoteletypewnter
(RA'IT), either single- or multl—channel 1s used
maxnly for high speed automatrc

information electronically. The image to be

trahsmitted is scanned by a pnotoelectnc cell,

and -electrical variations- in the- cell outpiit,

comresponding to the light and-dark aréas being

scanned -are trapsmitted to- the reccrver At thie
receiver, the sxgnal operates “a. recorder that.
reproduces. the picture. The:- FAX sxgnals may be
transmitted either by: landhn%m radxo

Facsimile transmissions suffer -distortion

‘from all of the common sources of’ mterference' .

_ experienced with, ordinary radxotelegraph and’

radloteletypewnter However certain
characteristics of facsimile transmxssxon -make 1t
less susceptible to-complete 10ss of inteiligence.

For example, a picture will be, downgraded by

any noise bursts, since facsunile recordmg isa

continuous recording of signals coming from a

" ‘receiver: However& because .the-.machine scans
material.at ‘the rate ‘of approxrmately, 100 lines

69

per inch, each line. is only 1/100th of an inch.

high. Therefore, if a noise burst interfers with
the srgnal ‘it will.distort a line only l/ IOOth of

an inch high, leaving ;the image sil], readable. ’

Under similar cxrcumstances on a cdnventional

circpit -(teletype), such d1stort10n .could cause a

portion of the page copy to be. nnreadable.
Facsimile transmission is no' intended to be

a replacement for teletypewnter and ' other

“ < N .
« 5 .
. .
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generally employed methods of trarlsxmssxon,
‘rather; it is an important. supplement torrapid
communication, providing a:méans of handlmg

by rapxd communication methods.. 5T

VISUAL : é o :
preferred ‘means for commumcaung at short
' rarige;; weather conditions permitting. In
reliability .and convenience, visual

under "certam cxrcumstances are .more secure
than radro For example, ommdxrectronal radio
- transmissions 'may be. mtercepted by many
undesired listeners;, whereas: umdrrectronal visual
signaling is- limited to thoee posltroned along the
-lme of s:ght. [

' Visual sxgnahng svstems include ﬂaghoxst
ﬂashmg hght, and semaphore

v“,

. reasonable length “during dzylxght -between shrps
that are m close company. Flaghoist is
considered one, of the best. ways to ensure
umform executron “of' maneuvers; In- sxgnalmg by
ﬂaghogst the U. S. Navy and allied navies use
. international -alphabet flags, numeral pennants

flags and- perinants; and ‘ten- numeral flags that
are not part of the mternatronql system

. particular meanings; and aimost all Hoists are
coded signals. ; s >

sxgnalmg distance in daytime. It normally is the
primary tactical maneuvering method of
transmission between. siirface units’ whenever

visibility condjtions permit. ngnals are repeated~

‘by-the addressee, thus providing a sure check.on
the ‘dccuracy of reception. Texts of messages

which may be conveyed directly’ by flaghoist are

limitsd by meanings contained in the signal
books émployed. -

R R CQMMUNICA’I‘IONS TECHNICIAN ) 3 &2
-'Flashmg Light, - ‘

.certain,types of graphic andlplctonal mtelhgencej

> ‘Visual commumcatxons are generally the -

<communications’ often are-the'equal of radio- and_

and four repeaters, plus a-set ‘of special meaning

Each .

ﬂag and pennant has-a name;: various ﬂag have  letters, numerals, and specral signs.

‘Flaghoist sxgnahng is the most rapxd and |
accurate visual method when ships ‘are within

- Flashing - hgh,t is a vrsual telegraphxc system
that utrhzes visible or 1nfrared light beams it

‘ + may, be cnrectronal or nondxrectxonal

A dxrectronal ﬂashmg hght is- pointéd and
~tmned SO as: 10, :be*visible: only by the: addressee
of the - message This " method makes use of
installed - srgnal searchlights, on which the. -
operator -opens_and -closes the- light shutter to
form dots and dashes, aiid portable lights, in
which the source of light is switched on and off
to form the: Moxse code characters

Nondxrectlonal (ommdxrectronal) lights- are
located. above the superstructure: on the
yardanm. Because the light beams are vmble in.
every -direction from the slnp, ‘this method- of
commuiucatmg ‘issuitable for- messages: destrned
for several addnessees \

In trme of war,, ﬂashrng
commumcatrons carried on. after dark-usually
u’ahze infrared -beams that are- not v1s1ble unless

. i viewed through a special receiver. As 3 general,,
. foo The Navy uses tlagaorst srgnaung nﬁi‘i{ly‘ro—mle”mfmrehs—ﬂrmostsecure—means—of Visu:
.- convey- tactical and informational messages of . communications. Directional infrared uses the .

_ standard srgnal searchhghts ﬁtted with *special

filters. For ‘omnidirectional signaling, yardarms
are. ﬁtted with infrared blinker lamps

Semaphore N E

Lo i

Semaphore 1s a communicatron medmm by
which ‘a. srgnalman with-two ‘hand flags, moyes
his ‘arms throtigh various positions to represent

s

Semaphore and flashing light .can ‘be used

. nnterchangeably for many purposes bute. .
*, semaphore is more rapid for short dxstance ' 1

transmission in- clear daylight and' may be used
to send messages to several addresses at once if
they are ‘in suitable posmons ‘Because of its

-speed; . semaphore. is._better adapted to the
sending of long messages iian are other visual i
_ methods. When radio

silence is imposed,
semaphore is the best SUbSu ute for handling
administrative trafﬁc It is more sevure than a
light ‘or radio becausé- there is less shance for

_ interception by uriauthorized. persons

64
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SOUND

Sound commumca,uon Systems include

whrstlcs sirens,_‘bells, -and acoustics. The first..
three are used - by ships .for -transmission. of
emergency warning-signals-such as air.raid alerts,.

for navigational signals; -prescribed by the. Rules
of the Road; and {in wartlme
communications between ships in convoy.

Provision is made in many search sonar
(underwater sound) equipments to -permit their
use for CW transmission. The term acoustic
communications.. however, usually pertalns toan

' underwater -sonar commumcatlon equipment

called Sca Talk. Sea Talk. (fnequently referred to

Gertrude) may .‘be used for either
'"adlote'cphone or CW :communications. The
range .of transmission’ varies with the condition
of the searand ~the ‘relative noise output of the
ship. . Under the most favorable cohditions,
.communications may take ‘place between ships
at rangcs in_the vicinity of 12, OOOyards

PYROTECHNICS

.‘transmlsswns,_and mdustnal medlcal a? offier

" scientific uses.

for "

The need: for worldW1de regulatlon and-

conservation "of this :limited resource is eaelly
recogmzed Theréfore, frequency regulations
exist on an international as well as a national
and agency level.
The International Telecommunications
Union (ITU) - functions as the principle
gulanyg body for radio communications all

~ over the world. It establishes and promulgates

the international allocation of, and regulations

for the use of, the radio frequency spectrum.

“ These regulatlons have treaty status and, upon

adoption by a country, become the law of the
land. Each nation regulates its own stations

within the broad limits set by mtematronale

agreement -

In thé. United States, the basis for U. S.
frequency management is derived from the
Communications Act, of 1934 as amended.
Under this act, the Federal Communications
Commission (FCC) is respon51ble to Congress for
regulating frequency use by U.S.
non-Goveriment, activities and the Président is

Hx3

N

Pyrotechnics for 51gnalmg -aré, for. the .most
part,
sources are colored - shell bursts (pamchute
ﬂdrcs), alrcraft parachute- ﬂares Jfoman candles,
and ﬂoat-type flares.

The meaning. of a- pyrotechmc 51gr1al depends
of the color instead. of the type of pyrotechnic

eémployed.
The authom,cd use of pyrotechmcs for
communications. is, in general, limited to

emergency signals.

_ RADIO FREQUENCY SPECTRUM

" The rapid growth in the quantity and
‘complexity of
equipments and the increased internatiorial
__requirements. for radio: frequencies have placed

“unprecedentéd demiands— -upon—the--radio. ..
frcquency spectrum. These: demands 1nclude”

such service applications as communications
(ﬁxcd mobile, broadcast, space); location and
ranging (radar, . beacons, radio-navigation);

~ identification; standard time and. frequency

of the “fireworks” variety. Common.

communication-electronics -

‘GOVernment
' delegated the authority for assignment and

‘Govemnment

< .
N

n

responsmle for regmattngﬂtse“-“bwaederalwm e B

agencies.. The President has
control of radio frequency resources used by
‘agencies to-~ the Director of
Telecommunications Management under the
:Office of Emefgency Planning.

Theé allocation, assignment, and protection
of all frequencies used by any component.of the
Navy are the respon51b1hty of
COMNAVTELCOMM Detailed execution of the
responisibility . is. vested in a
fnanagement office, orgamzatlonally within the
Naval . Telecommunications Command.

. Authority for any use of the radio frequency

spectrum must be " ‘obtained - from

COMNAVTELCOMM.
. FREQUENCY BANDS

_In_1967, the'U. S. Navy adopted the tefm
Hertz to de51gnate units “of frequency “per
second. If a frequency was formerly 10 cycles
per second it is now referred to as 10 Hertz
(Hz). Because units of xadlo-frequenues become

" so large numencally, they are counted in tcrms

71

frequency-
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“of thousands millions, -billions and trillions of
, Hertz, using appropriate ,prefixes -from the
C. metric system: kilo, mega, giga, and- tera. The
latter two, .giga and tera. as yet have limited
application in naval communications, A
Kilohertz is 1 thousand Hertz and is abbreviated
'kHz; 2 megahertz is- | mllllon Hertz, abbreviated
MHz, and so on. A frequency of 15,000 Hertz,
for example, is expressed as 15 kHz. 'When the
. number of kxlohert’z becomes too large,
‘ megahertz are substituted to- srmpllfy the figure.
Thus, 82, 000 kHz is exprcssed as'82 MHz and SO
on.
, Frequencres are divided into elght bands; as
. shown in TABLE 5-1. The propagation of radio
waves varies widely at different frequenues

explainedin Chapter 7. This provrdes a.choice of
frequencies best suited for various types of
communications as discussed in ‘the following
p'aragraphs ot :

e VLF- commugxc&rror:s L

The ‘pace of . progress and world
devel opments— pohtlcal. ; geographlcal
.technological and military—have broadened the
Navy’s ‘commitments for commumcatlons to

., dictated an -urgent

throughout the radio spectrum as will be -

e

cover the face of the carth. New sea frontierS to A

the north have opened:a four-million square: -mile
ice-covered ocean of strategic importance. The
requirement: for positive control of U.'S. Navy
~forces—operating~in naw-and expanded areas has
need for _ additional
communication capacity, range; and r"llablllty
for the Navy’s command responsibilities. This

. need has been confinmed through tleet exercises

The need; has been pgrtleularly great .in the
North Atlantic, and the newly opened Arctic
Ocean, High trequency circuits which are subject

to numerous ‘outages from- auroral and -polar.

disturbances prevented rehable communicatiois
from previously existing U. S. Naval Radio
Stations. Very low frequency (VLF)
transmissions pro&zide a highly reliable path tor.
communications in these northem latitudes, as
well as over and under all oceans and.seas of the
world. VLF traffic reached a peak in the early
twenties when it was the only means of -long
dlstance wireless communications.. After .this

_period, <many commercial VLF stations were

abandoned in favor of high frequency-(HF), due

partly to the lower cost of HF equipment. At

present,-practically all VLF transmitters are used

for fleet commuaicatiops or navigation. [n this

cannection, the U. S. Navy has been-using VLF
N %

N

Table 5-1 .—Radio Frequency Spectrum

FREQUENCY B br;scr;iprron . Asraaé:vurxd‘px
3 0GHz-300GHz extreémely high troqueney " ERF
d 3GHz~30GHz o super high freque;xcy ’ SHF
300MHz-~3GHz ultra high frequqrrcy : UHF .
0 J0MHz-300MHz® ) very high frequency VHF
0 © 3MHz-~-30MHz -high frequency HF
- "*’ - 300kHz-3MHz medium frequency " MF
| AR 3,0i;i|z..300 kHz low freguency : _ LF -
3?!!2-30“!: -very low frequency " VLF

A

3120




S

. Chapter 5.COMMUNICATION' BASICS - -

for-general b;oadcas_ting—tB ships at:sea for many
decades. The erendabili;y of reception is such
that rio confirmation of the. received message is

" normally required.

Recent history has shown an increase ‘of all

radio_traffic -and this is especially 'true of VLF,

Such -an increase may be expected again, not
only for naval communications, but -for
communications to large numbers of satellites
and as a backup to short wave communications
blacked out by nuclear activity. The. strong
reliance placed; on VLF by the world’s ‘navies
for crucial. communications is good evidence of
VLF reliability ‘during hostilities. \

R Secoridary applications of the VLI range
include: the worldwide transmission -of standard

. frequency and time signals. The requirernent for
the distribution of standard frequency and-time

signals ‘with. -iic jiighest .accuracy over long
distances has -become incfeasingly. important in
many _fields of science. It is essential for the
tracking of space vehicles, wordwide clock
_syonchronization‘ and oscillator calibration,

~ intemnational compafisons of atomic frequency

|

.

national

-pioneering €12 were
physical size-and by

standards, radid_navigatiohalf aids, astronomy,
standardizing laboratories, and

communication systems. ° - ‘

. Experiments -over the last few years have

shown the benefits of VLF for- the broadcast. of

than adequate precision for the operation of
synchronous crypto devices; decoding devices
and single sideband transmissions.

-

LF COMMUNICATION

The low-frequency ‘band. occupies only a
very small part of 'thg'radiofreque‘ncy spectrum.
Nevertheless, :this small band- of frequencies has
been used for communication ‘since the advent

. of radio. Although the historical significance of
' the-low frequency band.is well known,

s sreat
extent of present usage of -this band is not
generally appreciated.
In_the history of radio communications, the
low-frequency transmitting installations of the
characterized by their large
oy their high construction and.
maintenance costs. Moicover, -then; -as-—-now.
signal reception at low,frcqixencics:was seriously

©

" transmissions -within

* 10 “operate on

A}

standard- time and- fréquency signals with more-

13

67

- possible communications

hﬁmpercdvb)&—atmospheric. noise, particularly at
low geographical latitudes. In addition the
increasing demand for radio ¢communications
soon resulted in serous congestion  of
the- development of ‘the
‘high frequency “peamed”’ systéms. About 1924,
it was found that the high:frgquencieS“offered an
attractive solution to~ many long-distance
communication- problems, and the use of the
fow frequencies became considered -as
outmoded. Nevertheless, propagation factors
peculiar to the jow-frequency -band have resulted-
in-their continued-use for radio-.communication..
In particular, the recepiion of jow frequency
waves is not: so seriously affected during periods
of ionospheric S
cqmmunicatio‘ns at the high frequenciés is
disrapted. Because of ‘this, there is a particular
interest in the application :of low frequencies. at
northern latitudes. Since the initial use of radio
for communication purposes,
advances have been -made in improving both the
efficiency and the quality of communications by
the application of communications'theory, radio
wave propagation studies, and. new techniques.
‘-'I-'he--NavAyﬁlrcquiremgnL_g_)_ provide “the’ best

- Y A P

all frequency bands, engage--in
constant research to improve its. existing
capabilities

~In - the past the Fleet Broadcast Systém
provided ships at.sea with low frequency - (LF)
commusications. via CW telegraph transmissions.
As - technology advanced, the systen was
convérted -to single channel radio i:letype
‘transmissions. ‘Today" LF communication -also
operates as a segmeit of the Fleet ‘Multichannel
Broacicast Systéem" providing eight channels of
Frequency Division Multiplex tcletype traffic on
each t;mﬁsmissibn'. : ) :

*

ME COMMUNICATION-

The medium frequency ‘band covers the-part.

of the radio. frequency spectrum. from 300 kHu
to 3 MHz, Included .in. this rangé are - the
International Distress, frequency 500 kHz (to
monitor) and approyimately 484 kHz to
respongd from éhdm“stationSs(GoaétGuard(). )

°

disturbance - 'when °

considerable -

to t_he‘wﬂma’:t—ﬁﬁiie“s"if T

and ., utilizé new systems .and °
. developments as they: beeome operationally
reliable (proven systems). ‘
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Every shxp has a. recerver and sa-transmitter -

set for these emergency frequencxes, ‘when at
sea, the receiver.is contxnuously momtored and
the transmitter is usually in the standby
position, Ashore, the receiver and transmitter

configuration is usually. afﬁhated with search

and rescue. organizations, which are. generally
located near the coast.

~ There are. occasions when ghe 500 kHz
frequency is used for cdhng another  station.

Since all Navy and Merchant ships must: monitor .,

this frequency, it is sometimes convenient (when,
‘the sender does not know what othfr,frequgncy
the receiver is monitoring) to send.a short
message stating what frequency the . receiver
should tum to_for further. commumcatxons The
only restriction. is that no-call-up transmissions-

are permitted during the periods 15-18 minutes .

and 4548 minutes past. the hour, every hour of
ds of time are commonly
referred to as silenf¥periods and are required by
law to -permit the frequency to- be clear -of -all

" but.emergency communication.

Only the upper and lower ends of the MF
band have. naval use because of the commerclal
broadcast band extending from 525 to 1605
kHz. Frequenciesin the lower poftion: ‘of the MF *
band (300 to 500 kHz) are used primaiily for
ground wave transmission for moderately long
distances over water and moderate to short
. distances over land. Transmission, in the upper
MF ‘band is generally limited. to.short haul (400
miles), reliable, point to,pomt cxrcu:ts ? )

o

HF COMMUNICATXONS

* The Navy began using hxgﬁ frequencies. for
radjo communications around World War I-when
a few communication systemsowewe operated:on.
frequencies near 3 MHz. In view of the extenuve
pesent day use of high frequencies for long
distance communlcahons, it seems curigus now °
that those Navy systems- were intended; for very

" short range communications sf a: few xmles:i The

general belief at the time was -that frequericies

above 1.5 MHz. were useless for commumcatlon
purposes. . - °

One_of the prominent features, of high
freaw-ncy Jorg-distance communication- is the
vaiizble mature -of the propagation. medium.
Successful mnsmlssxon of HF sxgnals over long

o
‘

dxstances is. dependent apon. refraction. of radio

waves by layers-of the 1onosphere, discussed’in
Chapter 7. The height and density of these
layers,. forrhed’ pnmanly Jby ultraviolet radiation-
from the sun, vary significantly with the time of

day, season -of the year, and the eleven. year .

_ cycle of- sufispot activity. Because of ‘these
varjations, -it is generally necessary to use more

than a smge frequency, sometimes up to four or
ﬁve to maintain communlcatlons on a circuit.
In- splte of the difficulties encountered’ with

‘HF propagation, the economic and. technical -

advantages of ‘using high frequencleSwhave Ted to
rapid expansion of the use of the HF band.
Ultimately, as.the number of users increased, use
of the HF spectrum -approsched saturatin..

The HF band is shared by many users; both
foreigi* “and domestrc, and only portions -
scatiered throughout the band are allocated to

the mﬂltary services, ‘In comnton with other .

agencies, Navy requlrements have grown so ds o
severely tax.the capacity of the Navy s-assigned
portion of the -HF ‘spectrum. The use of

" singlesideband équipment and. the application
of mdependent

sideband techmques have
increased the capacity, but not- eriough. to catch
up with the demand. Some precuct thatsatellue
communications (discussed. -in. .Chapter 6) will’
eventually relieve congestion-in- the HF band.and
that, for-some‘types of service, it will replace HF
for long-distance- communications. Nevertheless,
it appears that the HF spectrum will- contmue to
be in.high demand for some time.

Naval communications within the HF band
can be grouped into four general types of
servic€s: point-to-point,
ground-to—axr, and-fleet:-brodcast. Some of these-
sérvices involve ships and: aircraft which present
special problems because of their physical
chgractenstlcs and mobility. Generally,gthe less
than opumum HF performance of these:mobile
terminals is at least partially offset'by powerful
transm:,ttexs and- sénsitive recemng systqns at

‘the shore termmals - ’

: Pomt-to;Pomt Commumeenons

Q

Pomt-to—pomt.systems are those establlshed-

to communlcaie over long-distance trunks or’
links -betiveen fixed
-$ufficient real estate. is acquired at the term_mals

terminals. Generally,

ship-to-shore, °

<o L)
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" example, . a

to permit the, dse of large, high gain.antennas,
aimed at opposrte terminals of each link. This
ancreases the effective radiated power and the '
issensitivity of the receiving sy’stem and- it also
. reduces
mterference. With. the -path length and- direction .

‘susceptibility of ‘a . circuit to
fixed, accommodation of the other propagation
variables -is <-simplified and. highly reliable
communications can be achieved.

thp—to-Shore Commumcatxons

This apphcatlon of the HF.band is more

‘drfﬁcult than the pomt-to-pomt case, since one

terminab, the ship, is mobile. In this case the‘
path length and direction are variable. At the

~ ship terminal th& limited space and other

restrictions: prohibit mstalla’aon of large,
efficient HF antenrias. Because “of ‘the mobility.
of ships, shipboard-antennas are dgsigned to bé
as’ nearly ommdlrectional as possible.

- The -cqnstraints are nog asisevere.at the, shore
termmal where there issufficient space. for-more
efficient” ommdlreotronal -antennas or arrays.

-designed for area coverage. Moreover at the

shore terminal.a rotatable, high-gain antenna or
one.of the fixed point-to-point antennas may be
used under. appropriate cucumstanccs For
rhombic ‘antenna. may ‘serve
admrrably for long-haul shxp to-shore
communrcatxons when the ship rs at.a- dlstance

such that its opératmg area is wrthm the .

coverage of the antenna at that: d;stanqe .
Several frequencies are usually assigned for

. .each circuit so that thé best frequency can be
. chosen, for the. propagation .path conditions,
. between the shoré terminal and the ship’s

location. * e

Ground—to-An' Commumcatrons

1

The application of * HF radio to
communications ‘between the. ground and.
airborne :urcraft, is smrlar to the shrp-to-shore

.case except the aircraft terminal changes

positicn. much. more rapidly than. does a ship.
Transmrtter power - .and -antenna restrictions
imposed by the airframe design. limit -the

-effectiveness- of the airbome HF radio. termiinal.

All maJor circuit .mprovements .must be made
by the application of Suitable techniques at the

ground terminal. For example higher powered
transmitters, lower noise receiving:installations, |
and more efficient antennas can be use¢ on the
ground

)

Fleet'Broadcasts ‘.

. As the name implies, this type of service
involves broadcast "area coverage from shoic
based. transmitters to ships at. Sea. Messages
addressed to-a ship in a designated broadcast
area are delivered by various means to the
appropriate fleet broadcast station where they
are broadcast for pickup by the ships. To
overcome theé-progagation difficulties, the same
information is broadcast srmultaneously on
several frequencies. That is, most fleet
broadcasts are frequency-diversity ransmissions

‘providing the terminal to *choose the' best

frequency-for. the path conditions at the time.

VHF MD ABOVE

Frequencies above 30 megaﬁertz are not
nommally refracted :by :the 1onosphere nor is
ground wave range appreciable: hence, serviceis
confined to d;stances approvumately wrthm the
line of srg,ht A srgnlﬁcant excéption to thijs
general -principle is the -increased range ‘made
possible through the employment “of
tropospheric scatter techniques. Forward
propagatlon by tropospheric scatter (FPTS)
(dlscussed in more detail later -in this chapter)
has proven feasible up to several thousand
megahertz. Certain atmosphenc and. ronosphenc
conditions can. also cause normal line of srg.ht

range to be extended at times. Frequencies at

the lower end of this band are capable of
overcoming the shielding effects of hills' and
structures, to some degree but-as the frequency is
incréased the shielding effect becomes morc
pronounced. Reception is notably free’ from
atmospheric and man-made static. The VHF and
UFH bands are known as ‘line of sight”
transmission bands. That js to say, the
transmrttmg antcnna is in a direct line with the
receiving. antenna; it is not over the horizon. ThE
“line of sight™ c.haractenstrc makes the bands
ideal for utilizing the VHF for amphibious
operatrons (bedch landmg from sea craft) and.
the UHF for tactical voice transmissions

S, ’ . 4
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‘SHF band

two-groups: strategic and tactical.

]

(maneuvering of ships. travelrpg together) The
is used for radar and satellite
communications whereas.-the EHF bandxns in the
experiméntal stage and not in active use by the

Na'vy.

. COMMUNICATION'LINKS

A comblex of links forms a -major
commumications system. The Naval

Communication System s broken .down into

-Strategic communications
global. in:nature and-dre- operated-6n a common

are¢’ generally

user- ‘or ‘special :purpose- basis: ‘While astrategic

systemn. mav be confined: within-a. specified.area
or limited to a specific type of ‘traffic, the
configuration. is such that inter-operation with
other strategic .systems is-possible when desired
or. required. For exampie Autovon, Autodxn
and DSSCS.

Tactical communications usually are lmuted ,
to a_specific area of operations- -and are uséd to

dmect or report-the.movement. of. specific forces.
Some tactical nets are utrlrzed only for

operational traffic; others may bé used for
-operational

and administrative. traffic. For.
instarice, the {fask force and- task group nets-and

- air control nets. -ordinarily .are employed for

operational' traffic. Ship- to-shore nets.- and

" broadcast nets-can serve both. types-of- traffic.

MODES:OF'OPERATION

Communication links have numerous modes
‘of ‘operation, In this discussion, modes of
operation can be identified as a link or path
between two or more points, capable of
providing one or .more channels for the
transmission of intelligence. The five most
promment modes of operations: plus their
standard abbreviations. are as follows: Simplex
(SX), ‘Half Duplex (HDX), Semiduplex (SDX),
Duplex (FDX), and. Broadcast (BCST)

Simplex (SX)-

A singlé channel or frequency used to
exchange information between. two or .more

76

"Duplex (FDX) S

.termmals, But not srmultaneously All may
receive eoncurrently, but only one fmay send Qta~

time,
/

vHalf‘Dl‘splex(HDX) .

A _-unidirectional “flow of infofmation
between temnnals Technical arrangements may.
permit transmission: in -either drrectmn but. not
simultangously. Thrs term ‘then, must be
.qualified to ‘show S/O (send only), R/O (receiveé
only), S/ R (send of”recerve)

Semr-duplex (SDX) *~ -

te

A technical _arrangement. wherern .one
‘terminal is simplex-configured and-the other full
duplex using two channéls or fréquencies. A
clanfymg example would be a ship with only
one . keyb bard/printer or one COMSEC
device terminated full duplex wrth
NAVCOMMSTA :

F-3

"A method of operation *

place simultaneously in both directions. The

‘térm  “full duplex” is synonymous wrth
“duplex ” ‘

9 -
Broadcast (BCST)

o

‘Broadcast is that type of operanon in- whrch
one station emits mformatrorg on one Or - mgre
channels; which. may be received by more than

one station and/or unit. There is no provrsron :

_for regeipt or reply- in a broadcast system,
“however, special arrangements. may requrre reply
at a later timec by other means. Broadcasts are
the sprimary’ means of delivering message traffic
to the fleet. Units cdpying a: broaﬂcast are not
reqmred to receipt for messages received and can
therefore maintain radio” silehce whrle still
receiving essential traff‘rc .

There are-three i9sn-which radio trafﬁcvls
sent to the ﬂee@roadcast, intercept, and
receipt. The firsty'two are “‘dd not answer”

4 .

a

in ,which
telecommunications between statrons may tak&“

methods, while the third, as its name implies,.

requires a receipt from: the ‘addressee (addee) for
each message. Broadcast and intercept methods
R 3

0
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a great ddvantage from the standpoint of
seeurity . By the intercept inethod, a shore radio
station  transmis inessages 1o another shore
station ‘which repeats them back. Shipsi mtcrcept
ﬁnd copy all traffic. LT
Bro.ldmst is prelerablc to mtcrwpt clneﬂy
bécause it is faster. 1t is. the method by whish
nearly all fleet traffic is iandled. and it utilizes
all. four systems of radio comniunications:
radiotetegraph, _radio-telephone,
tadio- tcletypewn’ter, and facsimile.
Thcn: is'some siilarity between civilian and
naval broadcasts Just as-commercial stations in
the broadcast band tmnsmlt programs o -radio

receivers in the homes .in their commumtles,'
rl\avy

comm,unlcatmn st'mons broadcast
messages “to  fleet  units. Sin their pamcular
geographlc areas. :The ferm ‘‘broadcast,” in fact,

.originated.in naval communications.

The resemblance - between Navy and
commercial  stations ceéases here; however.
Information broadcast.by-naval communications
stations ‘is contained in chronologically
numbered messages addressed to-the ships. The
messages are copied by the fleet units, which
check the serial -numbers to -ensure- that they

“have a:¢omplete file.

Fiket broadcasts follow regular schedules.

Messdges are placéd.on the schedules in order of

precedem.e If a .message of‘higher precedence is
given "to a -trapsmitter station
!owcr-prcccdence message- is being transmitted,
the latteér message ‘may be interrupted to
transmit the message ‘of hxgher prec_edenw

All ships copy. all messages- appearing o
broadcast- schedu]e whiclf théy are. guarding’

To ensure: reception-of these very-important
broadcasts, they normally are fransmitted on

geveral frequencies to allow a &hoice for best

reception, considgring the time of day -or night
.md the- atmosphenc conditions. .

SWITCHED. NETWORKS p

. As dlscussed in the previous chapter, the
Defense Communications System (DCS) _is
of all' word-wide, long-haul,
goverment-owned and leased point-to-point
cirguits, trunks, terminals, switching centers,
control faclhtles, and tnbutanes ~of, mlhtdry

¥
K .

while a

w

3

[

Llcp.mmcnts and: othcr defense activities. In
cessence the DCS combines into a smgle system
those elements that make up the Navy’s Naval
Commumcatlons System ‘the Armys
STARCOMM, and thé Air Force’s AIRCOM.

The switched networks discussed -in’ this
section, AUIOVO\I AUTOSI:.VOCOM
AUTODN and: DSSCS are part of the DCS -and.
are managed by the Defense Commumcauons
Agency (DCA). These DCS Switched Networks
sliould not be confused with the HICOM- (HJgh
Coinmand) -and NORATS (Navy Operational.
Radio anJ Telephone Switchboard) nets .
mennoned later in this section which support
only deswnated Nav, requirements.

Automatw’Vonce Networli_( f\UTOVON)
The DCS AUTOVON offers rapid, direct

interconnection of DOD and certain other
Government mstallatlons AUTOVON is
, intended to be a smgle, worldw1de,

R

w
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general-purpose. dlrect dialing system Its goal-is |
to compiete Lonnectlons between two pomts
~anywhere.in -the world in about 2 seconds.and to
t.ompletc regular connections, with® pushbutton
speed.

The AUTOVON system is compnsed of
several mstallatlons comparable in function to
commercial’ telephone exchanges. An installation
is referred to.as an. AUTOVON switch, or simply
switch.. Within individual areas are local
command.. control, and administrative voice
communication systems. The systems can be
connegted into the world wide AUTOVON
__through. mandally —operated
switchboards, or automatic dial exchanges, by
provision of direct in or out dlallng Oapablhtles

Nbnmal AUTOVON serv1ce makes lt possible
for,subscribing stations to call other stations on
a worldwide basis ‘for day-to-day nonpreemptlve
traffic, Dependlng on the type of servite
available in each locality, AUTOVON. calls.t may
be dccomplished either by direct dlallng or

‘hrough a local operator. Where users, require

priority calls to be made, they place the cail
with thejr local operator or the AUTOVON dial
service assistance, operator, More detailed
infornation on_ AUTOVON can be found in
JANAP 137

hd -
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Automatic Secure Voice Commumcanom
(—AUTOSEVOCOM) A

AUTOSEVQCOM is-a woddwnde swifched
telephone network whose puiyose-is fo provide
authorized users with. a means -for exchanging
classified information: over C O M S E C
secure circuitry or offi clally “designated as
. approved. circuitry. The system consists of both
manug and. automated networks uned- together
to form.a single system.

Interface arrangements are necessary to
.overcome differences.in thefsecunty equipment
and transmission-modes between-circuit switclies
and/or subscriber terminals of-one system-to-the

‘microwave _and_'‘tropgspheric

Interconnechon of AUTODIN sw:tchmg
centers is accompllshcd through a network -of -
high- frequency~rzd'o channels,. submarine cables,
chanuels, and a
variety of wire lines. These transmission medias.
are “available from existing DCS fransmission

Tesolrces, AUTOVON and from. commcrual

communication facilities.

Backbone of the AUTODIN. system is tlie
AUTODIN switching center -(ASC). Basic
functions of the ASC are to accept, store, and
retransmit-digital messages from. one location-to
another, automatically detect arid’ correct errors,
and adccomiplish alternate fouting. ‘Each
switching.-center has-a high degfee of rehablhty_

.othef: -There-are--two-ty.pes-.of-switches.in. the. - wresultmg,{x:omedupllcate major umts,awhlch can

AUTOSEVOCOM system:

) watches that provrde" users with an
automatlcally switched: secure voice capability.

. (2) Switches that requlre the’ assistance of an
operator . .

The interfaces service provided by switchboard
. operators is-in addition to normal- switch service
prowded for their locally- connected subscribers.
Additionally, some naval tcommumcauons
. stations are equlpped to extend
AUTOSEVOCOM service to shipboard users.

A telephone directory published. penodlcally
contains ‘subscriber. listings, general instructions
for placing calls, and: trouble-reportmg
procedures, Additionally, JANAP 138 contains
complete operatlng 1nstructlons on
AUTOSEVOCOM o .

[

A_.ptomt;c Digital Netwo'rk {AUTODIN).

The DCS AUTODIN s a. fully’ automatic
, -digital data switching system capable:of handling
any type- of. information- in. digital form. The
. system consists of hlgh-speed electronic, solid
state swrtchmg centers,tvanous types of data and _
" teletype ‘subsc riber termlnals and
interconnecting transmission media.
' AUTODIN ‘is intended
errof-ftee, and secure
cominunications around the. word to several
. thousand directly connected subscriber
terminals. Daily capacity of the system is in the

neighborhood_ of . 5. million avcrage-length
messages. ‘ . L
(-4 ‘3 ;‘)\
° ¢
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- Intelligence

be activated with a minimum of dlsrupted
.service: The current. status of an ASC can be

. checked at.any moment ‘by obtaining a- pnntout

of exacﬂy how .nafly messages, by precedence .
(requlred speed of transmission) and destmatlon
arein-the center.

Each overscas. ASC is capable of recogmzmg

.and routing 921 non-relay routing indicdtors
(routing indicators of five -or more charac,ters)

This total includes 215 collectnve routing
indicators (,encompassu;tr more than one
addressee) $nd 512 relay ‘(four letter) routing
1nd1cators

Tiie wWhole concept of AUTODIN is to

reduce. manual’ handling of messagés to a

minimum by. the use of automated equipment;
to reduce message delivery times' and «delay
anywhere in the world:to-a matter of seconds-(in
essence, real- tlme) rather than in minutes or-

‘hours. ® ,

More mformatlon on AUTODIN equipments

and message format. will be covered in later

chapters of this manual. Operatmg procedures
for AUTODIN can be found in JANAP 128. ’
Defense-Special Secunty Commummtlons
System (DSSCS) \

The Defense Special Security
Communications System (DSSCS)- was
established by the Deputy Secretary of Defense
on 4 November. 1964. The purpose of ‘the’
DSSCS was to integrate the Critical Intelligence
Communications (CRITICOMM) and_Special
Communications (SP!NTCOMM

a

72,:
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networks in to a s1n§le automated “’not to-1nterfere basis for restoration
communications. network. In effect the coordination, as nearly all NAVCOMM’S’IAS

integration . of DSSCS subscnbers into
. AUTODIN: provxdes two, separate systems within¢
AUTODIN, one system for Specxal Intélligence
- (SI) -message traffic -and the ‘other. for the

' AUTODIN comimon user. While the AUTODIN

and DSSCS trafﬁc is - intermixed . within
AUTODIN ASC and on- mter-ASC trunks strict
physncal separation of all'DSSCS and AUTODIN
input and: output terrmnal facxht:es is
maintained. - -Each ASC Patchr- and Test Facrhty
(PTF) is conﬁgured wrth a unique Yeliow Patch
bay isolated from the standard-Red Patch bay - to
insure that DSSCS access hnes/COMSEC
equrpment and other subscnber accéss
lines}€Q . equipment cannot be
;iri,te’xéonné‘ét' - '
/ the above explanatron is pnmanly
j'gh speed.- -operations, many Navy
statrons ‘continue to. operate -low speed, IOO
WPV, .circiits. However, ‘most of these stations '’
are. also connected ta.an ASC to. beneﬁt from
the autqmated external high- speed environment.
As an: example, one_ input subscnber eould. send
‘a'message at 100 WPM to-an ASC. The ASC, in

turn, could pass ﬂus trafﬁc to another ASC at ~

1300 WPM or to: dnother subscriber at 200-
WPM The -output -of a given message is ‘not
srmultaneous wrth 1ts mput. Each message must
of the ASC before forwardmg‘ of that message
can begm .

It should also bé noted, a number of circuits
terminating at Navy 31 communications.centers
- (e.g., Ship/Shore, Command/Control
‘Broadcasts, etc ,) remams active- to support
designated Navy requirements and- has not been
integrated into AUTODIN/ DSSCS

High Command. (HICOM) Network .

'I'he HICOM network provxdes a voice link
between CNO the Fleet Commanders in Chief,
“and subordinate commands ashore, afloat and

ai-bome. CNO is the master control station; the -
FLTCINCS are area network contfol stations.
All NAVCOMMSTAs are members “\

In cases where a fleet unit is suffenng
commumcatxons difficulties. with- normal
channeis, HICOM can "be .used on a

2

%

n

guard therr respective area nets.

Na@ Operauonal Radlo and Telephone
Swrtchboard (NORATS) :

s

The NORATS meets thé need for an -

interface between .Navy tactical voice systems of
the operating forces and the various fixed-
telephone services ashore, so that the tsctical
voice can be .extended tc shore—based
operational- ‘commands. NURATS provxdes ‘2
common terminal point in the Fleet Cénter of
each communication station where installed for.

¥
::’?

\ ¢

all stup-to’-shore voice: circuits and all apphcable s
. local shore telephone systems: and extensions. A )

.combined HICOM/NORATS console exrsts at

certam NAVCOMMSTAS

TRANSMISSION SYSTEMS

Transmission 4systems are classed either
“narfowband” or “wideband.” These terms:refer
to the bandwidth of a transmission system and

the number of channels-utilized in transmitting :

messages—in other words, the

) mformatxon-carrymg capacity of a- transmrssxon J
‘systen. o

Narrowband transmission systems.consist of
a group of". facilities -(or subsystems) whose
mformatxon-canymg bandwidth is 4 wvoice
channels .or fewer. Narrowband systems. mclude
high frequency radio (single ‘sideband and -
mdependent sideband)-and landlines.

" Wideband transmission -systems consist of a :

group of Jtransmission facilities 'having an

mformatlon-carrymg bandwidth.of more than 4
_voice chiannels, regardless-of transmission means.

or fréquency utilized. Bandwidth and- number of

. voice - channels used depend -on the type of
\system Links' carrying 1800 voice channels

through a single transmitter and receiver are
available, Included in- wideband systems, are .
forward propagabon troposphenc scmfter

(FPTS), microwave, and cable systems.

In the past and to a large -degree in the
present, narrowband systems -are (and have
been) the main lmk between communication .
facrhtres Although’ wxdeband systems are more

-
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desxrable than -mrowband systems, their usagé antenm is appro:umately 186,000 mxles per
i8-limited becausé of an: over<crowded: freq.zency second.

spectrum. As technical ajivances in. equipment In this section we will discuss how :

and' systems. are devised and- economml wse of  -electromagnetic waves_are produced and' the
the frequency spectrum ig:solved, increased us¢  .process-of modulation; by which the message. is.

of w'deband“systems is. expec*ed

‘I}RAI}{SMIS_SIONOF «INFORMATION' ‘
BY RADIO '

&amrier. Later in this manual we will deal with
radio wave: propagatmn and antennas.

o . , ] CAR}EB CEARACTERISTICS

To:convey ‘a2 message: between distant points
a message- carrier is required. Since the majority The r-f (radio frequency) signal used to
of the Navy’s communications is to-and from transmit intslligencé from one point to. another

feet units, the- onlrprachcal and ideal message is called the carrer. It consists -of an

.carrier for transmitting information to these electromagnetic wave having amplitude, .
tinits is through”space by electromagneuc waves, ’fmqucncy, and phase. If the voltage variations of .
commonly“ “called “‘radig -waves:” The- speed of an r-f- signal-are-graphed-in-respect-to. time, . th

. transrmssxon through  tha space medium from result is 'a waveform such as that in figure 51,

the t_ransmxtt.ng antenna o, the receiving The unmodulated carrer is a.siné wave that
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swings first .in the positive and theém in the

represents-chinges in-the amplitudé of the-wave.
This action is similar 1o that of altcmatmg
Lurrcnt in a4 wiré, where tliese swings represent
rwcrsals in“the direction.of curtent:flow.
.Pcrhaps the  simplest
und«.rst‘an‘dilig_. of the
characteristics is-«to consider a rotatmg vector

‘sinewaves are generated by electncal devices
designed-for th.l(r[)llrpOSc

« ° Assume that a vector, as shown in figure
S-2A.is lvmg in. a horizontal plane and pointing
to the right. A ‘line .divided into increments
Tepresenting time lics to the right of the vector.

' If the vector in figure 5-2A were rtotated, a
certain angle would exist between its starting

— —— ——position-and its poslt)on at-any given instant, It
‘ function not
discussed here) of the angles formed by the

the SINE (a trigonometric
vector at a scries of rc;,ular intervals is plotted
along, the time base. the resultant curve will be
in the shape of a sinewave.

' 31.91
Figure 5.2A.~A Vector and a Time base.

Looking at figure 5-2B, assume that in one,
time increment the vector rotates
counterclockwise from its rest. position at 0
degrees to the 30 degree position. This is plotted
along the time base by placing one dot- at.0.and.
other dot above the 1, directly across frofh ‘the
point of the vector to advance’ another 30"
degrees, to the 60, degrce position. The new -
position of the vector is plotted -along the‘ time
base by pldcmg a dot‘above the 2 dlrect]y across

-

Q
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repcdts ltsclf in deﬁmtc mtcrvals of tlmc It :

hegative. dm.ttxon about the time axis and

approacli an
sinewave and its

used to generate a sinewave. In actual practice,

“original point, :as shown in figire 5-2C. A . S

seen that if the time base were extended and-a

- If 'you -study_ figure 5-2C for a moment a0
‘several lmportant charactenstlcs of smewaves P
canbeseen: . - . S

a. Ro*atmg the veétor ataconstantrate of ge e

IV \\ 30. ® B
e X . a ,
/ ! \;/‘T .
! g A ) . R
b i ]
N . 4 012345678 901R .
AN » ; ,
Tmeoeet” . C e 1_ .
. i K
31 92

Flgare 5-28 -Vector after-30 degrees rotation,

from the ‘point of the vectoi as. .before. The :
procedure is- repeated for every 30 degrees of

rotahon until the vector-has completéed: one: full- :
revolution. of 360 degiees and, returned- to its. S

continuous line drawn. through -the “successwe'*”—""““”“j
points plotted -will be in the’ shape :of one ’
repetition of .a.sinewave: ‘this smgle repetition is

known ds. one-CYCLE of* the sinewive.It:can be ~

second revolution of the vector plotted ticre

would be two- cycles of ‘the sinewave, Note that oo
the 360 degree point of one cycle- coincides with. - -~
the beginning, 6r 0O degrees pomt of* the ‘
following cycle.

travel through .one; 360" degree cycle -takes a
specific amount of t|me. equal to the e!apsed

0 0
) ,,‘{-rt‘:.::;:::'_'.;:;,;a.‘ _ . o
/ N/ ,\‘,--. ------ * 0° ® N FR RN
] \\:;’:’/m 3 ° ng ., . - 180° 30. . CE v,:::,
180° otk e -t g0 4 A .
1 M TN @
Y S AN 012345570!101112 ¢
Y et e? ‘
.\-L}.:-.V:_-.s .......... e ---... ,g’ ¢
ae o Lae - s
- .) . ; - B ,
- ’ 4
. . 3193
anure 5-2C. -Plot of Smewave afmr 360 degrees Vector
, rotaticn, - R
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v tlme between the bx.gmnme and cml ol one
,cycle of* the resultant sinewave, Thc time

required. is referred to as. the PERIOD of the

cycle. Tf the, vector makes one revolytion per

S " period of on s¢cond. If the rate-of rotation is
- increased: to: -one thousaml rwo{uuons per
' sécond,&ach. cycle of the resultant sxmwave will

" then have a period, ot one-thotsandth . of a _

second. (gne -millisecorid). -

smeque: -are g,enemtud The rumber of cycles
that. are completed -in one. s(.cond is reforred to
as the FREQUENCY of the wave. It tne vector
. . makes$ one revolution per second, the: Lompietud
* . sinewave has ua frequency of one cycle pet
: second (1- Hz). If the rate of rotation.is increased

“ cycles persecond (1 KHz). :,
. c. The magnitude of'’ the sincwave,
« _ normally some value of voltage or current, can.

: © be seen to-vary above and below thc time buse.
The value at any given poin. along the line is
called the- INSTANTANEOUS AMPLITUDE;
the maximum value above of .below the line-is
referred -to as PEAK AMFLITUDE Generally,

. . the value is considered to-be positive. above the
hine, negatnve below the dine..aind zero at the
points equating to 0, 180, and 360 dearces of

" vector rotatiop. , g

L. of-a cycle has:been completed at a given instant,
- we Sefer to its, PHASE, which is stated in
o ) degrees. ‘At time increment 1 in figure 5-2C,
'+ . there has been 30 degrees of the cycle
-completed: -therefore, the phase is 30 degmzes.

Likewise at time 2, the phase is 60 degrees, und

at time. 3-itqis 90 degrees. Each of these phuse

conditions corresponds to the angle between-the

o “starting point the vector and its lllstmganeOlls

‘ position-at the;time. murcm"nta stated.

g INTRODYCTION T0 MO'DULATION L

Sunple smcwaws cannot convey mtommuon

because they do. not vary from their normal

s state. In order o carry. iformation there must
v . be somg variation in:. frequeney, phase or

amplitude accordiftg to the ndelligence . to be.

conveyed. Even those waves that cont.un the

second, a cycle of -the sinewure- will have a.

¥ .
b. ]‘Iu faster the vector rotates the faster

.« to. one -thousand revoTunons per second, die
frequency - -of the sinewave will be one thoL(S’and’

L . d. ‘When it’s oesnrcd to indicate how much .

v

neueasary vmatlons are uscluss unlus thu b
‘be transmitted to their intended destination.
When  circumstances du.'tatu that intelligence
waves Teach a distamt point without the use of
telephone cablt,s, they must be radiated in the
form of radio waves. . . PR

As produced at their source. information
waves are geneérally of such low frequencics that
their wavelengths (wavzlength  discussed in -
chapter 7) are too long to be efticiently radiated |,
by_,prautncaj ,antenna,systems The frequencies of :
the human voice encountered on standafd :
broadcast gransmmsnons for instapes, range caly
from_about, 100 te 5;000 Hz. Thewavelength at :
-5,000 Hz would be.over 37 miles.und at 100 He
it would be 1863 miles. Obvnously 12 would not
‘be practical to construct antennas. d;slgnul 1o )
operate at such wavelemzths ' o7 ¥

The solution .to- the problem is to trdnslatc :
the information wave up mto ‘a higher part of i
the frequency spectrum- whcre \vavduwths aré R
compatible with pracucal antenna sizés. This i
frequency translation is accomplished by the
process -.of modulation. Actually the process of
varying any one of the three characterisyfos .
(amplitude, phase or frequency) I Ld”l.'d : S
modulatnon Generally modulation of u carrier IR
is .named for the wave dmrautcnstu that is "~ «:
alteﬂ,d by thu modulation process. - . . .

Kl

Amphtude Modulatxon . ’ ST
N
in d"nplltude modulatlon.othc p;akto-p;ak ) R
amplitude of the carrier is varied intuccordance ’ ‘
with ‘the intelligence to be transmitted. Fbr
example. the-voice picked up by u mu.rOphgme iy
converted into, an a-f (audlomqu;nw) o
electrical signal wlmh controls the' peak-to-pegk ‘
amplitude of .the Larner. A single sound at thé
.microphone modulates the carrier: wuh “the ‘
result shown in figure 5-3. Thclamer peaks are
no longer cor}stant in amplitude bLLdllSL they
follow the instantan¢ous changes: in the .
aniplitude of the a-f signal. When the” asf signal
-swings in the positive direction, the carricr.peaks
arg “increased accordingly. thn the a-f signal”
swinigs in the negative. direction, the carrier
peaks are decreased. Therefore. the o
mstantaneous amplltude of the a-f modulating  ~ , * -
’ |
\
|
\
|
|
\
|
|

» i

- -
]
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signill dctenmnes the peak- to-peak amplltade of -
thcmwdulatcdurne oL
3 : oy

Frequency Modulatxon and -
thse Modulatlon - o

Bmdcs its amplitude. the carrier wave ‘has,
tWo dther characteristics that can ‘be varied to
produce an mtcl!’:ggme-carrymg signal, These are
its lrcquun.v and’ its phase. “The process of
varying the frequéncy- in accordance with the
aud:olrcquencnes of voicé or music is.called
_ Frequency modulation (f-in), and the process of
varying the phase is phase, modulation. (p-m).
“These AWo types of modulation are closely
related, When fom' is used, the phasé of the .
carner wave is affected., Slmllarly when p-m is
- used. the carrer frequency i is affected.

[hc primary advantages of f-m are jmproved.
fidelity uand  increased freedom from static.
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" €quals the sum-of the: trequency -of the¢: carrief 9w/

Because of these quahtws. it ls ot conmderable o 1
use "in  commercial broadcastmg, but © its L
shortuommgs including frequency: extravagance .oy
and short rdnge on AV.ulablc frequenmes have. ..
“severely hmm:d its  naval commumcatgon

applications. The Navy has, drowtver, folind f-m m’, .

Iy z‘: 1
satisfactory .for other ,purpoecs\a ong them - o
muncrc .md saine’ r.ld.m ‘ ) . o SR
N M ‘;:‘«; \‘:_“?L
,\\S;w‘ e

Sll)EBANDS AND BANDWIDTH T R
v oy ' :

.- Whensan' - carrier is modulated by a. smgle{?

audio note. two additivnal frequencies are ¢

produced. One s the: upper frequency, which:

and thé fnquum; of the audio note. The'other
freque\my is the lower one.. which equals .the
differenige. between. the- frequencneS’ of the carrier R
»and the ‘audio hote. The one -higher than the S
carrier - frequency i~ the's UPPER™-SIDE —~ — "
FREQUENCY the one lower ’thdn ‘the carrier’ : s
fn.qucm.y is the LOWER SIDE FREQUENCY . 5
When  the modulqtmg sngnal is- made- up” of - '
complex tones, as in speech ‘or music, each: ' -
individual frequt.ncy " component of ‘the T
modulatmg signal produces its own uppu»“and &L
lower side frequencies. These side frequencies: . P
occupy a band- of frcquem:les !ymg between the ) ’
carrier fréquency, plus and' mmus the lughest o - tie e
modulating, trcquency\“ The: bands of frequencies
containing.. the side-* frequencnes are called.
SIDEBANDS The sideband: - that includes-the )
siim ' of. the «warrier” and _the . modulating o
frequencnes is'known as the UPPER SIDEBAND . TN
(USB). The band contmmng the dxfference of '
~the carrier and, the modulating. frequencxes is

known as the LOWER SIDEBAND (I_SB) The

© space @ . .carrier and its assocxated sidebands

occupy in a frcquency spectrum is, called® a o
channel. The wndth of . the channel (called e
BANDWIDTH) is cqual fo twice 'the highest R
modulating fruquency. For example, if a T
5000-kc carner is modulated by a band of . g
frequencxes ranging from 200 to 5000 cycles I
(0.2 to 5 kc), the upper sideband extends from" | N
5000.2 to. 5005 ke, and the lower sideband ., 7 3
extends fronr 4999.8 to 4995 kc. The+ - . =
bandwidth is then 4995 :to 5005, or.10 kc. The .
bandwidth is” twice wthe Jvalue of the hxghc§t T
modulatmg frequency, whlch |s S kc. ThIS |s , R
illustrated‘in f‘gurc 54,

-
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Tl ) ’ transmmed » signal. It is eliminated atter .
BRI modulation is- accomplished. and reinseried-at
N s the receiver for the demodulation process, All'r-f
f energy appearing at the transmitter output is
e e comentmted in the sideband energy or talk
SERES ; 4:993 KH:;mbaKHz 5000 KHz power.”
o o 5005 KHz After eliminating .the currier. the uppe .md
T SR k= = BANDWIDTH L “lower sidebahds remain. 1f one of the two
L T . sidebands ig. filtered out before it reaches the
SR T T - power amphf'er stage of the transmitter,
Lo ~ '7‘59 30  however,: {he sare intelligence - can’ be”
RSN . FaguuSA-Sndobands Produad by, Amphtude transmitted on the remaining sideband. All
R Moduhuon ) .power is then transmitted in one sidebard,
I . instead of being'divided between- the-carrier gid
. o : . both sidebands. as in conventional a/m. This
R Single Sideband o prouslon amounts to an increase in power for
T ‘ . ‘ o e, wanted sideband. Equally important, the
A mode of radio emRBsion that -has becomne bandwulth required _for SSB voice circuits is.
v increasingly important to the commumcator is dpprommatcly half that needed for conventional
Fo single sideband (SSB). Single sndeband is<not 4. afm..(Sce figure 3-5).
. new tenn in the history of cémmunications. it ’
” has ‘been used .extensively: by. the " shore . -
.- commiunicationi system for many years: The ‘ R
Ll 0 < 6 KHz gl
> congestion_in - the medium-and high frequency [ R
e bands and "recent developments -that have A CARRIER- i
,a‘f“ reduced: the physncal sizes of equipments have - CONVERTIONAL A4 < | I E
A glveﬁ 4 .new ;mpetus to the advantages of using ’ ' S0 ., g
o . SSB:in fleet communications. ' =
HE v Following is a ‘brief .introduction to the ‘s
B techmgue of SSB. . LOWER SIDEBAND | UPPER SIDEBAND
O + In our study -of sidebands, ‘we learned that 8 & | e 2.8 KHz <
R modulation of the carrier produces.a complex (CARRIER I
N signal ‘consisting of three mdmdual waves: the SINGLE SIDEBAND, < ’s"“ol’s‘égzg“ :
Be » original carrer, plus two identical . :sidebands, SUPPRESSED-CARRIER | - SUPPRESSED) 1 )
oy R eadl -carrying. the same intelligence, Naturally, . N & :
e ‘this- appeaxs to be an uneconomlcal means of ) L !
T transinission. By eliminating the carrier and one UPPER SIDEBAND
e “of :the sidebands, the. same inteliigence can-be " :
e S +-transmitted. at a -saving in power. and frequency ~
B ' bandmdth o, : '59.51
’ Figure 5-5.-Comp:::fon of Bandwidths of
' Suppressed Carrier ’ Conventional a-m andl SSB Voice Channels.
°
In SSB, the carrier 1tself is suppressed (or : , . \
climinated), at the transmitter, so that sideband SINGLE SIDEBAND TRANSM]SS[ON ¢
frequencies are produLed but ‘the carrier is
’ reduced to a minimum. This reduction. or Single sideband (SSB) transnussxon is the
elimination usually’ js . the- most difficult of ‘most common communications link used today.
troublesome - aspcct in ‘urderstanding. SSB.  Some of the SSB application in" naval-
suppressed carrier. In single sndeband suppressud commumcntxom 15 described in the tollowmg
" carrier, therg is no carrier present i the o - paragraphs. ) .
. . A . - ¢ . . s '
N * N 2, 84 ) E]
r Q I g ) 78 . . ’ A
. ‘ b ' M )
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SSB Voice Circuits

commaiders, and fleet commmanders use it for

communication with
adjecent gommands.
Whenever specialvoice circuits-are necessary.

cither between shore activities or ships-and. shore

" activitics. SSB™ is selected because, it s less

susceptible to atmospheric interference than is

voice ‘order-wire circuits
NAVCOMMSTAEs. - ’

'

SSB Teletype Circuits

betweep

<

With few exceptions. SSB is used on all
existing -Jong-haul (great  distance) teletype
circuits. It is also used- on shipshore circuits. as
well as on shipshore teletype circuits. Most of
these -systemns are ‘now cov-red circuits: that is,

circuit automatically encrypts and decrypts

message traffic. These devices are ued on
) point-to-point. ship=shore. ship=ship- 4_n:d
{- breadcast circuits. “ L

POINT-TO-POINT TELETYPE
CIRCUITS.~Most .point-to-point. long haul
. circuits beiween naval communication stations
need more channels than SSB’ can provide. To
comnpensate  for the deficiency, independent
sideband (ISB) transmission -is used. It is similar
to SSB. But where SSB suppresses the carzier
and filters out a sideband. in ISB only the carrier
is suppressed. Both. sidebands are used, and are
split into two 3-kHz audio channels. as shown in,
figure 5-6. “Each audio channel may carry
different mtelhgence

The use of frequency division multiplex
cquipment, (discussed in chapter 9) permits 16
. teletype channels to be put into each of the
“ 3-kHz audio_channels. giving a possible total of

64 teletype channels on one ISB circuit. Usually,
* only one or two audio channels are available for
‘voice. and/or facsimile. depending on the needs
of participating stations. .

Theshigh command (HICOM) net uses SSB
; as 4 means of communicafion between fleet

their subordinates and’

amplitude modulation. Often. SSB is used for .

_an_clectronic cryptodevice on both ends of the

frequency) sngnals

fe—3ktr—{
kﬂx—.! L—S:Hz—-l
L 12k H—

50. 145
Fsgun 5-6. -Radlofrequency-lSB Channel and
‘Frequency Bandwidth.

SHIP-SHORE SSB TELETYPE:
CIRCUITS. —Many ships handle enough message -
traffic to justify- ship-shore teletype circuits.
Dependmg on traffic load, these circuits can be
from pne to. four teletype channels on one: SSB
circuit. If the traffic load warrants more than
one teletypé channel,
multiplex :or frequency .division multiplex
(MUX) equipment is used. This equipment
handles up to four incoming and four outgoing

_ channels. One channel normally is used as an
handling

order-wire circuit for
operator-to-operator service messages and for
making frequency . changes when necessary.
Three remaining channels are available for
handling official message traffic.

SHIP-SHIP SSB TELETJYPE‘

CIRCUITS.--Ship-toship SSB teletype circuits
are in wide use today. Their main application is
with task force or task group nets or several
ships in company. By using this type of net,
ships can send. their outgoing messages to a
guardship from which traffic can be lrelayed
ashore. This procedure saves manpower and
circuit time, prevents individual ships from
6vercrowding_sh1p-shore «circuits and conserves
the frequency spectrum. Depending on the
number and types of ships in company, the
guard can be shifted to other ships fron. time-to
fime. A major advantage of these circuits is that
electronic cryptodevnces cdn be used to send
classified messages without the need for manual
encryption. These circuits are used. for incoming
as well as outgoing traffic, and they can use
either HF (high frequency) or UHF (ultra high

usually time division.

A\

s
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MICROWAVE TRANSMISSION
**  Microwave is a lineZof-sight radio
transmission system. Line-of-sight systems are
made up’of one or more links having a.cléar path
between antennas.at the ends of.:a. link.. Usually
frequencies -iised are above 900 mHz. In- the
‘Naval Communication System, three equipments
durrently in use-are the UQ, operating between
1700 and 1850 mHz;v AN/FRC-37 system,
operating between 1700-and 2400 mHz; and
AN/FRC-84. system, operating between 7125

. and 7750.-mHz. Wideband ‘tranismission, suitable .

for 24 to 600 voice channels,-has been obtained
by propér system planning. .
Terrain _detezmines the -length -of a single
link. In actual practice, transmit .and receive
antennas can be separated by-a.slightly greater
distance than _the actual horizon-to-horizon
line-of-sight distance, due to refraction of-the
mictowave-beam by the atmosphere. Most
systems " aré composed of links of 30 miles or

less, except where-especially favorable sites can.

=~~~ p& ‘found. “Repeater-stations--may--be--used--to

connect one link o another to form long chains,
thereby. setting up long paths for many voice
- ¢hannels where needed, Chains of more.than 40
links, for example, cross the -United States
carrying voice, teletype and televisicn signals.

Microwave links are often used for carrying
signals from.a portion of a.naval communication
station to another; from and to the transmitter
and receiver sites to the main. station, for

. example. ‘ :

Microwave radio link systems have the

advantage of greater flexibility, economy of.

operation, and" almost complete independence
over weathers conditions, They have excellent
reliability (over 99 percent), extremely wide
information-carrying bandwidth, good resistance
to interference, and low power requirements.
Limitations are that they require a relatively
large portion of. the frequency spectrum, and are
effective at only-a short range. .

.Usually microwave radio is used where large

channel capacity is required, links are relatively

_ short; and where it is more difficult or costly to
' install cable. . ¢

86

 COMMUNICATIONS TECHNICIAN O 3 & 2.
»SCATTER TRANSMISSION

" Forward Propagation lonospheric .

i

.Scatter (FPTS)

* into a single radio signal. A feedhora in a tower

'circuit.,

T ,cward propagation scatter transmission is <
a point-to-point method of HF or UHEF radio :
communications. It permits reliabie
multichannel telephone, teletype, and datu
transmission out to.a range of 400 nules.

Two types of scatter systems that have been
used are ionospieric and troposplieric. Because
of greater capacity and reliability. only the
tropospheric:system is.now-being used.

Scatter (FPIS): .
[}
Forward propagation ionospheric  scatter
(FPIS), a system using HF rangz. utilize: SSB or ,
ISB. A transmitted signal sis beamed at the o
ionosphere where it is ‘scattered "in a forwurd ‘
direction. A receiving antenna is bedmed: at the
same point in space to receive the. signul.
Because of -its limited bandwidth, relative
highpower requirements, and crowded HF -
spectrum,-this system isnot used. ‘

B T Ty S

h
.

Forward.Propagdtion Tropospheric

Numerous communication networks now in -
operation, extending for thousand of :niles.
utilize “tropo” terminals with hops ot 300 miles
or riiore. Tiiese relay hops are accomplished by
using both transmitting and receiving equipment
and antennas at each terminal. At the initial: -
transmitting point,. many separate telephone
conversations and teletype circuits are combined

beams the signal out toward the horizon, and
thus is similar to a . huge, precisely aimed
searchlight. A minute reflected portion of the
signal is- picked up by a parabolic receiving
antenna well over the” horizon. There it is
reamplified and sent on its way again, il
necessary, for.another leap over the lorizon
toward its destination at the other end of tlte

°

Tropo has many advantages over other ~
methods of long-distance communications?
Besides greater ¢conomy ift  arcas where
construction and maintenance present problems. k

~
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that affect other transmission methods.

The number of channels that can be

it is relatively” free of atmospheric interferences

transinitted over a given link depends on the

degree of dlSlOl‘thll the particular circuit can
accept. For inks that are part of long-haul
telephone systems, dx,tortnon must be held to a

Distance , No. voice channels
-'+100 miles To 252
100-200 miles To 132
200-300 miles. Ta 72
Over 300 miles 12-24
- {quality usually
limited)

LANDLINES
Almost all landlines used by the Navy are

~th another. the ‘telephone company serving
ihe area- is .notified regarding the type of circuit
.1 'kind of service desired. :
l)epc;nding on the type of installation, these
suits may either be d-c lines or audio lines.
l’dtehmg usually is accamnplished at a control
center of a Navy communication station or in
the gommumcanon control link (CCL) of a
tributary station.
DIRECT CURRENT (D-C) :
LANDLINES | s T
S )
These lines are uséd for controlling different
tvpes of equipment. such as keying a
transmitter. and for short-haul teletype circuits.
In somie instances they are used as secondarv or
backup circuits for primany microwave circuits
that link different sites of a naval
communication station. Some tributary stations

" of a NAVCOMMSTA niay have d-c landlines as

their primary teletype -circuit and al.o may have

B them for remote keying C‘OMMSTA transmitters.

'

»- 2

‘minimum. Typical troposplieric scatter link
: upacmes are.given in the accompanying list.

87

AUDIOF REQUENCY LAN DLINES ’

Audiofrequency landlines (as they appear in
a-CCL) are pairs of wire used for handling tone
teletype equxpment One pair of lines is capable
of carrying up.to 16 teletype channels. Be~ause
hese lines are .éngineered to handlé a -kc

andpass at aud:ofrequenc:es, they wre
consldered to bei in the narrowband, systen. voe

LEASED LINES AND CIRCUITS ~ \

Telephone companies ‘use ‘many types of
circuits and Systems in hanﬂhng their vast
telephone and'telegraph network. Each circuit:is
engineered to meet-specifications of individuial
users. In general, these circuits and systems-can
be classified as landline types, two-wire: and -
four-wire circuits, audio systems, and carrier
systems.

Landline Types

.2 " .
‘Landline -systems that carry various circuits -

are further broken down into four types -of

and submarine cable. All four of these hnes are
_capable of,handling all circuits and systems in
" use today '

WIRE CABLE PAIRS. Use of cables$camc
about because of unsightly corngestion resulting-
from overhead wires, especially in cities,

-'Underground wire .cables are less vulnerable to

storms .and other weather conditions. During
wartim¢ they also are less. susceptible to
sabotage and enemy attack. -

Wire cables are made up of many pairs: of
wires insulated in such a way as to prevent
crosstalk between various circuits in the cable.

C UAXIAL CABLE.-Today, nearly 30
percent of all communication services flow over
a coast-tocoast coaxial cable network. This
percentage is destined to increase in the future,
along with usage of its newer companion,
microwave (discussed later) Together, they will
replace older open-wire and cable cxrcults
Coaxial cable falls into the wideband group of
communications systems

&

o R

B

¥

" teased, When it_js determined. toJmLonesplace_ _ ..lines: .open_wire, wire_cable_pairs,.coaxial: cable, . m_,;;




. conductors, \c,msulatxon betweéen -

o

3, . . =

CO\!MUNICATIO\'S "'ECH\IICIAN O &

Modemn coaxial conuuctors are constrm.!ed
chiefly of.3/8-ifich coppgr- tubmg Exactly in the
center, a No. 10 gage copper.wire is held by

_small.plastic -disk insulators-spaced-about 1 inch
apart. Both. the -outer conductmg tube and the
wire -have the same center or axis, hence- tlie
name  coaxial: In some types of® coaxnal

these two.
conductors-is made of-a solid-dielectric, material.

Coaxial conductors are made- up into-cables,
with eight or.. more coaxials arranged in.a tnght

ring. Also -contained within the cable 4 a

o

e A .

shorthauf servige, These two-wnre cxruuts are

compaable to simplex or half-duplex circuits.
The voice frequency group also includes the
four-wire. cable circyits in which a sep,,lratc pdll’
of cable conductors is used. for transission in
eagh directjon. Thege four-wire circuits can be
coripared to the Navy’s full duplex -cifcuits.,
‘Except where coaxial cable i$ ysed. carrier
Jrcults employ ‘the sani¢ (or similar) kmds of
wire . facilities for transmission as do voice
frequency urcults Both

circuits must have °

>

.

ampllf iers.or repeaters at n.;,ular mtervals along’
number of paper or polyethy]eng-msulatedx\wurcs N stht... ling, ¥ .
used for conirol, -maintenance, afd-< m’i"' , —_—
short-distance -communications. Air. or nitrogen Tt i's impos:ible to prake an unqyaliﬁed' .
gas is introduced -under pressure into coaxial stati,ment _concerning particular situations. in - |
cable in spaces between tubes ‘and wires. The air _ whlch .deh‘type of urculg may be best apphed
or gas keeps -out moisture .apnd also .aids in g’. m-_m,m.u,ce,* An .general, however. two'wire, -
detecting any ‘damage that may oeeur to the rumﬂt'p e.ommonly are used_for relatively short . .

AR N

i

cable. ‘ ) . drstam.es—not more than a few hundnd miles © "
. . ’ PG Oli!?awu'e -cable eircuits:are tor somewhat lqwc.r S
SUBMARINE CABLE —Because _submatine distantes. Landlifie cartier or-microwave circuits ,
cable now reaches almost every continent, it is _ ordinarily are utilized” ‘for longest distances, .
) possible to contact 'early. every part of the- altheugh fhexr use is_ mot. lmuted ;to smh : .~
—— world-without-using-radio-as -a:lirik: -Until- 1956 - apphcatlon . L e - -
. "~ ‘existing telegraph cables could not: carry"voice * . o)
' circuits, Since 1956 several cables have been laid AUD{O SYSTI:MS Audlo systems used by .
that.can carry-up to 128 voice channels.. —+o_ telephoné companies can be compared to- audie o,
. The first telephone cable had extemal armot.. - lines, termmatmg in a CCL. Each .pair oflines P
fOl‘ strength and protection, ard its ﬂexxble xcarrle‘s a télcpkone conversation at the Y

one-way amplifiers or repeatérs were spdced "frequency of the partlcnpants ‘L,.c
about. 40 miles:apart. Power for these repeaters: _ audiofrequgncy. By using terminal equipment,’
. was ‘fed from -terminals, Improvements in thi{.. twelve L0O:wpin telety pe circuits can be put on.
- system increased its .capacity trom 36 to 48“;ﬁ*one VO «;e Foraudio channel. .
circuits.” - -»ff‘ AN, ,t,arfy de\?‘elopment «called .a phantom w

‘A newer -type- of cable and 1mproved wcu:emt ‘was used on Ggen-wm: fines. It cnabled =~~~

A )
o

amplifiers brought circuit capacxty up to 128.
circuits. New cable, constructed in a manner
that makes it stronger, employs two-way
amplifiers spaccd about 20.miles dpart. .

- use of three cn:cults on’one pair of lines. A key *
to prbper cperation ot a phantom group is the

, prec:snonp wntil which line wires and cails are

balanced. Any unbalance permits.currents 2

_The various kinds of line facilities and . _side CI§CUItS to-legk into the phantom (afd vice

apparatus described so far are,.in practice,

versa)'JI'hesc unwanted currents maké urcunts‘

applied to .developing several.distinct types of,~ .nmsy “In"severe =ases. they actually callow a

long-distance circuits. Such circuits may. be
broadly classxged as between those operagng at
"voice frequencies and circuits that operate at
higher (arrier or radio) frf:que.nues In the

. former group are ordmary two-wire circuits,

_ which employ a single pair of open-wire cable
« conductors as their transmlttmg medium, oras
is the general practice with. most locdl and

L}

convgrsation -on one (.m.j:lt to be heard on

other’s" ThlS phmommon is called crosstdlk

z&l

»’&

by telephone companies are carrier - (requeticies
fhat. age modulated By information to be

e

t’ran;n‘ntted Various ‘modulation means used,

- o

R n,
Ny

;fhdt you are already t‘amlhar with include. -

‘CARRIER S¢S [EMS. -C"lméssyetemé“used -

3

A
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_amplitude moduldtion (a-m) -and frequency
. -modulation’(f-m).
. When, carrier systems were first used, eost of
equupment and installations was high. "For
. econoiny of use, therefore, it had to be used-on
long circuits, where equlpment costs were less
than-the pnice of additiondl wir€s on:the line.
' As new techniques wefc developed and
better equxpment was builf, the number of

Ry

- x K .
~
L

E‘ - o

S ke AT e o e

cgaf  §

N

carrier sy stems’
progressxvcly ‘used for shorter distances.

Many’ types of cafrier systems are in usé

today The time division multxplex process and
frequency division multiplex equipment used on
these carrier systems are sifnilar to'systems used
by the Navy. Chapter 9 of this manual descnbes
the complete process of ‘time divisioni and
frequency-divisien multiplex.
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. SATELLITE COMMUNICATIONS

. Experience with:satellite communications
hds.demonstrated that such systems can satisfy
many -military requirements for reliable,

. sufvivable, secure and cost effective |
‘telecommunications. It is .dlmost obvious that
satellites are the ideal, \if not often ‘thesonly
solution to -problems ol communicating with
highly mobile farces deployed worldwide. And’
we must' not forget that satellites, if. propetly
/used, provide tlle ‘sorely ‘needed. geographically -
independent alternate to large, fixed ground :
installations. ) C

For ‘the past fifty: years, the Navy ‘has ..

o

primarily -used high-frequency-(HF) transmissiorf. -

a§ the principal -method of sending messages. In
the 1970’s; an era when the HF spectrum is
- overcrowded, when “free” ‘frequencies.are at a
premium, and-when HF jamming techniques are
highl-' sophisticated, the  need’ for new and
advanced lorg-range transmission. methodg
becomes readily apparént. -
-Cognmunications. via- satellite is a natural
outgrowth of modem technology and the
continuing demand for greater cdpacity. and.
higlfer quality communications. Relatively __
" recent technical developments have, made
satellife.communications possible. .
* Although the communicatiofis facilities of
the varfous military departments ‘have generally
been able to support -their requirements in the
past, predictable requirements indicate that
large-scale improvements will have to-be made to
satis{y future needs of ‘the ‘Pepartment of -
Defense. The usage rate of both commercial and
militaty systems: has .increased by at leasf ten
percent -per-yeur over the past.fifteén yeurs, and .
there appears to be general agreement. th at this
trend will continue at an accelerated rate.
Centralized control.of military.operations, with

L]
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is the. most promising means.

dn all-digital communications system:

%

_its. accompanying reliability and seecurity
requircments, l1as ‘g)erierat_ed demands for

communications with- greater capacity and¥for
lopg-hzul communications to previously *

_inaccessible. ar¢as: Some of -these requirements
can be met only by sophisticated modulation

techniques and wideband, long-distance’
-# e ! + - YRS . . . -
transmissions-for which satellite communication

£

DEFENSE COMMUNICATION: .

\ SATELLITE PROGRAM (DCSP)-" -

Thé Defensé.Co m:municat.ion Satellite

Program (DCSP) was initiated by the Secretary

of Defense in 1962 as an outgrowth of the

Advent Program.- Phase ‘1 of* the .program was
.given the title, “Initial Defense Communication

Satellite Program” (IDCSP). ‘The first satellite
faunch. occurred in-"June 1966” whei seven
IDCSP and a gravity gradient ‘expetimental
satellite were injécted into random, near
synchronous orbits by a single Titan i c

‘booster..A total of 26 IDCSP Satellites have-been
placed into-orbit. The final launch consisting of

eight IDCSP satellites, occurred -in June 1968.

. ®As of Decembey 1972, fourteen IDCSP sutellités '

were still-operational, a

DEFENSE SATELLITE . |
COMMUNICATION SYSTEM

&l

(DSQS) PHASEIl - )

The Pliase I1 Defense Satellite

‘Communication System (DSCSPHASE 1) will,
ovér a period of time, evolye from -an initial, |

basically all-analog commiunications system to
The

performance capability provided by the Phase II

o \

G,

(4
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B T

e %,
DSCS will ‘vary as a functnon of cqunpnfent'

availability; that is, an extensive digital traffic
capability wxll not be avaxlable suntil digital
mddems. and baseband-equipments are available.

Howeyer, the overall performance of the Phase
11 'DSCS will be greatly enhanced -over the
capability provided in. the IDCSP (or- PHASE I

‘DSCS) through the use of -the new PHASE II
,satelhtes These satelhtcs provide a grcatly
increased. effective radlatcd power (ERP) and

'RF bandwidths, togethcr thh—a thhly ﬂcxxbic‘
satellite - conﬁguratnon -using.both .earth-coverage .

and narfow  beam antennasito provxdea wide
tange of communication services and
capabilities. In addition, these PHASE II
safellites are deployed if synchronous .orbits

which eliminates the problems that currently -

exist with the dnftmg nonsync}n'onous PHASE I
sateilxtcs T ,

L “BASIC SATELLITE
’ COMMUNICATION SYS’I'EM

L}
<

A satc]hte ‘communication system i la one that

uses.earth .orhiting vehicles or satellites.to relay

" radio. transmissions between earth ‘termindls,
" Thére are twd types of .communication
satellites: active and passive. A passive satellite
merely reflects radiq signals back to carth. An

, .active_ satellite, on the. other hand acts -.as- 2 -

repeatcr, it amplnﬁcs signals rccenvcd and thcn'

re-transmits them.- back 1o earth., This, increases
the signal strength at ‘the receiving terminal
compared to that available from a passnve
satéllite. - Y

A typncal operatjonal link mvolves an actnvc‘

satellite and two -earth tétminals.' One station
. transmits to the satellite on a frequency called
the up-link frequcncy, the satellite amplifies the
ﬂgnal,_translates it to the down-link frequency,
and. then transmits it ‘back to earth where the
signal is- picked up by ‘the receiving.terminal.
This basic concept is illustrated by figure-6-1.

. @ o . ’ ¥

DESCRIPTION OF COMMUNICATION

R

-

dcgrec upon the parametcrs of the satelhtes
.orbit. In general terms an Ol’bl( is either elliptical
or circular and its inclination is classified as
inclined, polar or equatorial. A specnal typé -of

orbit is a synchronous orbit, one¢ .in *which the*

period.-of the orbit is the same as that ofthe
earth. An orbit which is not. synchronous is

. called asynchronous, Wwith a further

subldcntxf' cation of a néir synchronous type in
which thc pperiod of orbit approaches that-of the
earth. Orbits are discyssed it more detail Iater in
the succcedmg paragraphs.

The essential 'blasw system conponents of an
operational communication satellite system are_
(1). an.orbiting vehicle with a communication’
receiver-and trausmitter mstallcd and (2) two
earth terminals cqmpped to transmit signals 0

-.and:receive. ngnals from the satellite. The design

of. the overall'system detcrmmes thc c0mplex1ty
of the various-components and tiie manner in

| “which' the system. operates. With the present

opcratlonal ‘military communication. satellite
system only two earth terminals can use 2
satellite at -one time, and this has led to the

establishment of satellite scheduling or control'

acxlntncs e .

onhrr‘ DESCRIPTIONS e

As stated previously, orbits generaily aré

dcbc:nbed according to the. physical shape of the

orbit.and thé angle of: inclination-of the plane of

the: orbxt .

a. Phyncal Shape All satellites orbnt the
carth in elhptical orbits“that are-determined.by
the tnitial Jaunch- ‘parameters and the later
edcployment techmqucs used. (A circle is-a
special case of an ellipse) The path of any
satclhtc has the earth located at one of 1ts foci as
shown i in figure: 6—2

_»Pengee and apogee are two of the - three
parameters customarily -used. to-describe orbntal

«data of-a sitellite. Pcngee is dcﬁncd asthe point ®

SATELLITE SYSTEM ““in the ogbit of a-satellite that js nearest to-the
’ ' center of the earth.’ Apogeée is defined as the,
The basic design of a satellxte ° point in the otbit of a satellite at the greatest
communication system, dcpcnds to a great -distance from the ccn}crof the earth., .
. R . 9“ « o . * 0 .
.. - i o o v 9 . i
. - - - ‘; . Y
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. the surface -of the edrth if statute miles,

‘mlhtary systems. .

-

- )

¢ CRAFI
°I’EMINAL

¥ A ,
ZBoth dxsrgances usually are expressed from

altxough nautical. miles- usu"ally are used for

P -

b, Angle of Inclm»atxon The angle of
inclination_ is the third paraﬁleter customarily
used to describe- orbital data. of a satellite.-Most
satellites orbit the earth m orbltal planes:which
do not coincide with %the ‘earth’s equatorial

plage. A satellite_ orbiting in any, plane not

identical with the equatorial plane is? m an

:mclmed orbit. 2%,

The angle of inclination.is the angle bétween
the equatorial. plane and the orbltal plane as
shown infigure 6-3.

The mclmatnon of the orbit determmes the
geographlc Timits: of the projection oj the path
of the satellite over the earths surface. The

greafer the inclination, the - greater ‘the amount

of the -earth)s surface that is covered by the

sateliite. This is shown graphxcally in figure.6-4.

:>:‘
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[MINOR AXIS

' . . 3196,
Figure 6°2.—Elliptical satellite orbit. ‘
s V ’ ‘: . .
c.’ Special Types of Inclined ‘Orbits.
(1) Equatorial- Orbit. A satellite-orbiting

in a jplane that coincides with the earth’s

. equatonal plane is in-an-equatorial orbit.

(2) Polar-Orbit. A satellite orbiting in an
inclined orbit with an angle of inclination of 90

’ degrees or near 90 degreé?ns in 4 pola. orbit.

I'd

d. Circular Orbits. A cirtular. orbit is a
special type- ofelhptlcal orbit in.which the mdjor
and minor axis dlst.mces are equal or

*
1

“
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Figure 6-3.—Inclined satellite orbit.
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ORBIT PUANE

o 'NE!CATESVAﬁL\ OVER ’
cild- WRICHM SATELLITE PASSES

N 31.98
Figure 6-4.—-Effect of orbit plane inclination on

“satellite coverage. .
approaimately equal. Mean ‘height above earth,
instead of perizee and apogee, is used in
describing.a_circular orbit. -

e. Special Types of Circular Orbits, »

(1 LSynLhronous Orbit. A satellite in a
un ular orbit at & height of apprommately
19.:100 nautical miles above the earth is in a
sy nvhronous orbit. Atthis altitude the satellite’s
peniod of rotation is 24 hours, the same .as the

carth's, and the satellitc orbits in symhromsm )

with the ecarth’s rotational motion. Although
inclinéd "and polar synchrohous orbits are
posellﬂc the term synchronous, as commohly
aused now. reférs to a synchronous equatorial
orbit. In this type of orbit. aat«..llxtes appear to

hover motionlessly in the sky. Figure 6-5 shows

. » ©31.99:
Figure 65. -Illummatnon from a synchronous satellite..

. ¥

how one of these satellites can 1llummate almo;t
one-half of the.carth’s surface. .

TFhree of these satellltes Can proyide- coyerage
over most of the-earthi’s surfacé- (exce;)t for the
extreme north and’south-polar reglons) A-polar
projection ‘of- the global coverage\ of such a
thgee-satelhte system is shown . fi igure 6- 6.

(2) Near Synchronous ‘Orbit. A satellite
in a circular orbit within a few thousand ‘miles of
19,300 nautical miles above-the- earth i is-in-a:near
synchronous orbit. ‘If ‘the orbit is lower than
.19;300 .nautical miles, ‘the satellite’s speriod is
less than the earth’s and: the satellité appears: to

-be moving slowly around: the earth from- west to- -

east, (Thls .type of orbit is also called
", sub-synchfonous,) If the orbit is hlghgr than
19,300 nautical miles, the satelhtes period is
greater than the earth’s and the. satelhte appears
to:be moving slowly around the earth from east

to \vest

: sym‘hronous orbits are possible, common usage

of the term near synchronous. implies-.a- hear’

_ synchronous equatqrial orbit.

o " (3y Medium ‘Altitude Orbit. A satellite in
to 12,000 miles above the earth is consmleljed to
be in".a medium altitude orbit. The period of a
medium altitude satellite is considerably less
than that of the earth, causing such satellites to
appear to move rather quickly across the sky
» from west to east.

SATELLITE CHARACTERISTICS ?
Early commumcatlon satellites were limited
_to the dxameter of the final stage of the rocket

b

L@

Although irclined and polar near

a circular orbit from approximately 2000 miles:
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F;wm 6-6.-Worldmde synchronous satellite
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that was.to: be used.for launchmg Sxmxlarly, the

weight was determined by dhe thrust of the

rocket.motors and-the miaximum weight:that the
rocket-conld'lift into-the desired orbit.

As early as June 1960; two satellites. were
successfully placed- in orbit by the same- launch
vehicle. With the development of this
muiti-launch capablhty. additional. flexibility

was.'made available in the design options as to.
size, wexght and ‘number of satellites to be

included in each’ latinch.

. The Phase Il Defense Satelllte
Commumeahon-System (DSCS) will have largé’r
and heavier satellites. int synchronous equatonal

orbits. Present plannmg indicates. that.two of

these Phase 11 satellites . will be injected into i

. .orbit froin a single ‘launch. Figure 67 is a.
© drawing of the Phase II satellite. -

> - °¢

Satellite Power Sources - .-

Early communication satellites were severely
limited by the lack pf suitable power sources;
this, in, turm, sevetely. limited .the output power
of the satellite transmitter. The gnly source of
power available within early, weight restrictions
was a very inefficient psncl of solar cells ‘without
battery backup. A major dlsad"antdge of thxs

~

type of power source is tlmt the satellite-hay sto
s power when the satellite is' in eclipse. For

continuous eommunlcatlons, this. outage ls.

Aunacceptable ‘

A combinatjon of solar cells and ;muug

batteries is a -bettér prime power source for

satellites. This.is a practical.choice at this time,
even though the result is-far from an-ideal power
source. About ten percent of the sunlight energy

converging -on _the solur cells is converted to

electrical power. ‘Even this low elficiency is
further decreased when the solar cells are
bombarded . by hlghencrgy particles that are

. sometimes.encountered- in:space.

The 'IDCSP ‘satellites have .over $500 Solar
cells inounted-on the surface of the ‘sptellite.
Initially these cells supplncd about 4" witts. No
battery backup was-provided.

The ;Phase 11 DSCS satellites wnll lmvc .1bout
32,600 solar cells, initially supplying.about 520
watts, ‘mounted on the surface of the satellite, A
nickel cadmium.battery will be used tor backup
power durmg eclipses.

Although numerous auclear powu sources

‘hdve-been used-in space for Specml purposes. the

state of the art has not progressed sufficiently

for nuclear power sources to be compeltitive

with .the solar cell- battery eombumnun “for
synchronous communication satellites  With
solar cells exposed to the sun continuously (and
battery backup for cclipses), the solar
cell-battery installations will be lighter in weight,
inore efficient and less costly than e\isting
nuclear power sourc;s . X

Sate'hte Onentatxon

Sdtellxte orlentatlon in space i quite

,nnportant for-two reasons: continuous solar ceil

orientation. and. continuous antenna orientition.
Since the pfimary source of power in most
satellites is from solar cells, it is essential that
the maximum number of the solar cells be

“exposed to thie sui at all times. Morcoveg. for
the satellite antenna

useful’ communications.
must be -visible to appropriate earth terminals,
Early communication satellites ased spin
stablllzatlon to meet these lmpor!.mt
requirements. . o
Spin stabilization operates on the principle

1that ‘the direction of the spin axis of a rotating

< . 1
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"\ body 'tends to remain fixed in space. A natural

example. of spin- stabilization is-the effect of the
earth’s rotatior: in: kcepmg its axis‘fixed in space.
A satellite having a spin axis parallel to the
-earth’s axis will maintain.this position.since both
axes are fixed in space. Figure 6-8 1llustrates the
use of this. principle with an equatonal orbit
sateilite: to keep a doughnut-shaped antenna
pattern pointing toward. the earth. *+° .

. Spin’ stabxhzatxom reqmres virtually no
addmonal energy, once-the system.is in motion.
A spm-stabxhzed satellite is usually construqted

like a flywheel with the heavier. ‘equipment

mounted in the same plane and-as close to-the
outside surface as ‘possible. . -

After orbital mjcctxon, the radml JCtS are
puised to mxtxate spinning. The: satelhte spin axas

+ -

]

C . “Figure6-7,<Phase 1i DSCS Satelite. *

1
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is oriented: to the earth’ ’s ax1s -‘by-means-of- the

axial jets, which.are pulsed ‘at the proper. spin- ,

phase. The velocity jets, pulsed. at the proper
spin phase, provide ofbit position’ and velocxty
correction.-(See-fig. 6-9) . Lo

»

By. installing solar cells .ali around the*

outside surfacé of the spm-stablhzed satellites a S :
—large number of solar cells is- exposed to-the. sun a ‘

at’all times (except when .the satellite<is in
echpse) By installing antennas that: radlate in-all
directions around the spift. axis a small part of

the total radiated energy -is directed toward the &
- earthat all times. _

~,

The: Phase I “IDSCS” ‘satellites are spift’

stablhzed as described aboVe. They utilize- soldr” .

cells moupted on the outside surface 6f the,‘

LS L,

x

o v * .
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Figure 6-8.—Spirrstabilized sateflite antenna pattern ¢ ‘<
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AXIAL JET ANTENNA

e

— AXIAL JET

M

1 ‘ . 31.1 03
“1 . : u F igure 6-9. -Spin-mhlmd utolllu eomrols

- ~"'

instailed around the spin axis, ¢
In-an-effort t6. overcome’the- dzsadvantage of
orinidirectional -anténnas, which radiate only a

A

various techniques to “achieve an -earth-oriented

most promising ‘have been tésted in. space

v . -with-a despun inner. platform for .mounting

" controllable antennas.. The satellite is
c0nstructed in two partrvnth both parts. havmg\

mdxalqets The iriner part is concentri¢ with the

outer part and contains the commumcatxon
antennas and ‘the-¢commanications package The
satellite is launched. and: injécted into orbit in

2 * - satellite. is Stabxlrzed with the desrred

orientation, -the. mner radxal jets spin the,inner
*_part in the opposrte dxrectxon ‘to counter, ihe
. - .« initial spin. ’I'hls result§ in a despun inner
. platform, which is: stationéry ‘with respect to
oo earth. The: despun. platform is: ‘oriented to such.a

position: that thie communication antennaswpomt .
continuously toward the earth, This,.

+ arrangement allows 'the use of hxgh gain

dlrectxonal antennas to concentrate .the majorxty 1

+

A DA N COMMUNICATIONS TECHNICIAN 0 3 & 5 o s
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satellite and have two- ommdrrectlonal antennas' )

small amount of energy toward the earth,
.antenna. systen ‘have "been ‘developed and the -

vehrclcs The best system‘developed'to daté uses-
spur» stabthzatldn for. orientation of the satellite.

the usual manner. "The whole- satellite is¢spin -
‘stabilized using the outer radial jets. After ‘the

‘ . le o .96

of the radlated €nergy in- the dlrecuon of the
earth. -
The Phase TI DSCS satelhtés wxll use a°
despun platform thh four high gain antennas.-
J’I'wo steerable narrow beam antennas will be
used ‘for communications between. and within -
regrons of high traffic density. Two horn
antennas. will provide for-earth communigcations.
between facilities outside the ‘narrow. -beam
~ ¢overage. The anténna arrangement proposed for
‘the: Phase II satelhtes is shown in figure 6-7

’,9 1

EARTH TERMINAL
o CHAR.ACT ERISTICS .

v Communxcatxon satellite earth. terrhrnals
_generally are located in areas ‘remote from the
“actual users of these c0mmumcat10ns 'I'hxs is
necessary to ninimizeé RF mterferexfce to the
rsatelhte communications. .Characteristic of thzs
.-remoteness is a.need ‘for intérconnect links fo'
perrmt .communication. flow to and from the
usérs of the satellite systems. These interconnect
links are usually wia telephione .cables or
microwave radio with normal termlnal
+ equipmeénts.

Earth terminals generally have a smgle large
.antenna, a. hlghly sensmve receiver, a powerful
transmrtter multlp}ex equlpment
modulating- demodulatlng equipment, and

A telemetry equipment. .

e

iyt

Antennas

Earth terminal antennas are hxghly
directional, high gain antennas capable of
transmitting and receiving s:gnals
simultaneously. Generally, large, high gam,
pardbolic antennas are used.

& ,
Threé sizes of parabohc-type antennas are,

currently in use with the Phase I IDSCS eafth: -
terminals: the AN/FSC-9 uses a.parabolic *
anterina 60 feet in diameter; the AN/MSC-46
uses. a. parabohc antenna 40 feet in diameter; and |

antenna 18 feet in- dmmeter

Y

" the "AN/TSC-54, ‘uses a cluster. of 4 pambohc .
antennas, each 10 feet in diameter, which- in
combination are equivalent to a parabohc '

~ 3
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Rec'éiVers - :., L v . 400-MHz band and is the- respon51bxhty of the

[

All satc.llm communiciation edrlh terminals

Ture Lqumped wath s‘peu.xllv chIgnLd lugllly
‘SLnSltl\’C I‘ELCIVLTS
receivers are're quired to overcome'the down-lmk
powcr lumt.mons and to- permit ¢éxtraction of

These: highly sénsitive™

the desurcd gommumcatnon mformatlon from
the received sxgnal All of the:- termmdls currently
in usc in thé. Phase [ IDSCS system utilize
specially deqmned pxc.nmphﬁers mounted
directly behind the antennas. The preamp. noise
tcmpz.rznurus vary wnth the snzes of the earth

termmals i . o

£
%

Tr'msmxt lers

All earth tcmun.ll trdns‘m}tters generate hlgh

power signals for transmission to the
"communication satellites. The combination of
Sy s

high

‘powered transmitters and highly
directional, high gain -antennas is necessary ‘to
overcome the up-link Jimitations and to ensure
;ﬁgt the sngnals received by the satelhte are
strong enouglt to be detected by the satellite.
Altliotlgh various, armngemv.nts of functional
¢omponents are posslblc in transgntters all the”
_transmitters jn use in the ‘Phase. T IDSCS earth
terminals hive the same genersl arrangements.
Each IDSCS transmitter“has an
LXCllLI’/ll]OdUId[OI‘ and a power amphfner The
modulatqr accepts the bdeeband input from the
terminal equipment and- modulates-an IF carrier.
The exciter translates the IF signal to the up-link
frequency and’ amplifies it to the level required
by the klystron of the power amplifier. The
output power of the AN/FSC-9 is variable from
10 W to 20 kW: that -of the AN/MSC-46 is
variable from 100 W to 1C kW;.and that of the
AN/TSC-54 is vdriable from zero:to S kW

Telemetry E_quipment

Telemetry equipment is included .n all
cominunication satellite -systems to permit
monrtor'ng of ine operating conditions within
“the satellite Telemetry can be used also for

_ remote control of satellite operatlons such. as

cncrg.mm. axial jets for-changing the spin axis of
the satellite. In 1he Phasc 1 IDSCS -system
telemetry mformanon is transmltted in the

. for the ADVE
for the SYNCOY» program, " and finally were

Air Force. -CA normal Navy earth terminal will
not have a 400-MHz capability’)

" Geneal Descnptxon of ’

DSCS Earth Termmals

N
.

There are three types of earth termlnals

elurrently in use in the DSCS: ANIFS(,-9,
.AN/MSC-

E»

y and AN/TSC-54. The: two
AN/FSC-9 -earty) terminals were buijlt orlgmally
program, were. modlﬁed later

modified for thé JDCSP program. The

~ AN/MSC+46 and: AN/TSC-54 equnpments were.

built for the IDCSP p'ogram .

N
AN/FSC-9.~The .AN/FSC-9 terminals are
permanent installations located at Fort Dix,
New Jersey,.and' Camp Roberts, Casifornia. They
are used- as the pr1nc1pal terminals for
communication links to- Europe, and to the
Pacific respectively. A.60-foot parabohc antenna

is mounted on a 60-foot steel antenna tower on-

a-concrete Toundation 30 feet deep and- 84 feet
in diameter. The.antenna mount includes a bridge
superstructure that acts as a counterweight a.ad
serves as a housing for electronic . equlpment
The.estimated weight of the antenna is 190 tons.
A 200-foot covered passageway connects the
antenna to a 6000- square foot operations
building. An AN/FSC-9 is, sho¥n.in figure 6-10.

AN/MSC-46.-The AN_'/MSC—4,6 is g
transportable communication satel’ite terminal

that is.housed in three vans. A rigid radome (not

supplied with the terminal) is usually installed
over the antenna. Power is furnished by three
diesel generators {supplied as a part of

-2 \AN/MS7-46 of 100- kW each, or local

comnercxal power may be used-if avallable The

complete termunal, including the disassembled .
antenna, weighs 114,000 pounds but it can be

transported by three C-l3OE aircraft. After
arrival on site, the terminal-can be assembled by
a crew of eight trained men. An AN/M3C-46
antenna with its-pedestal is shown.in figure 6-11.

AN/TSC-54.~The AN/TSC-54, tift smallest
of the Phase I IDSCS earth terminals, is a hignly

_ transportable communication satellite terminal.

C e

.
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The anhtennd, klystron and preamplifier are’
moufited’ on-a-trailef, and the remainder of the
terminal equipment is-in an équipment-shelter.
Power is supplied’ by a trailer-mounted diesel
generdtor. The complete terminal, weighs
19,500 pounds and can be tranisported by
C-133E aircraft, H-37 helicopter -or it can be

. towed by suitable trucks over unimproved

terrain by attaching. ‘‘goat’’ mobilizers
{(furnished with the terminal) to the equipment
shelter. A well trained, experienced crew-of six
can-set up or dismantle the AN/TSC-54 in less
than two hours. A rigid radome (not supplied
with- the.terminal) is available for
semipermanent installations where required. An
AN/TSC-54 is shown in Figure 6-12.

AN/SSC-6.~The*. AN/SSC-6 is a shipboard
satellite communication earth teérminal. ‘It
provides the capability for tracking a satellite
and for the capability of long-range, high-speed
data, voice and-teletype communications signals
transmitting at 7:9 to 8.4 GHz and recejving at

98

o

L)
A

' Figure 6:10.-AN/FSC-0 satellite earth terminal,

7.25 to 7.75 GHz. Figure 6-13 is a pictorial
representation.of the AN/SSC-6.
Tie AN/SSC-6 is a shipboard installation

‘installed as_an interim. SHF capability until

replaced by AN/WSC-2 terminals. The antenna
group is mounted on the ship’s weather deck.
The servo electronics, modem, transmitter,

.prime power, and clectronics- groups are located

within the ship’s structure. The servo

electronics, modem, and electronics groups are

collocated. ) )

., The AN/SSC-6 uses a six foot diameter

Cassegrain type _antenna system with an

automatic tracking feed system capable of

tracking synchronous. and near-synchronous

communications satellites. -
. o

SATELLITE ACQUISITION

AND TRACKING

. .
An essential operation in establishing
communications via satellite is the-acquisition of

the satellite by the earth terminal antenna and
subsequent tracking ‘ot the satellite. [nitial

~
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acquisition depends upon.an exact knowledge of
the satellite’s position which, in combination
with the geographic location of the earth
termingl. enables the computation of accurate
antenna. pomtmg information. The degree of
difficulty in acquiring and tracking a.satellite is
determined largely by the. satellltes ‘orbital
parimeters. - *
> Acquisition and tracking of a synchronous
satellite are relatively “simple because the satellite
appears to be stationary. Acquisition of a2 near
synchronous,_satellite is relatively simple because
of the slow relative motion of the satellite;

o

s ) 99

" Figurs 6-11.—AN/MSC-46 antenna and pedestal.,

%

however, the satellite movement is enough that

accurate tracking is required to keep the harrow

.beam antenna pointed toward the satellite.

Satellites in medium altitude circular-orbits or in
elliptical orbits are more difficult to acquire and
also to track because of their relatively rapid
changes in position.

Orbital Prediction
In order to be able to supply antenna

pointing information to earth terminals, it is
necessary to know with a high degree of

93
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31.1.08
Figurs 6-1 2 ~AN/TSC-54 uullito communication
terminal. -

accuracy the orbital parameters of-the satellite:
A table showing the calculated positions of a
satellite (or any heavenly body) at regular
intervals of time is. called an ephemeris. The

. ephemeris of a satellite is calculated from its
orbital parameters and a knowledg% of the
physical laws of motion. After the ephemens
data of a satellite are determined, it is possible
" to predict for any- given Jocition the apparént
track of the satellite as viewed from that
* location.

The constants dcf' ining an orbit are_initially
obtained by the process of tracking. At the time
launch, -the rocket is tracked by radar from “lift
off” to injection, and then until it passes out of
sight. The recorded tracking data obtained in

. this way is sufficignt for making rough
predictions of the orbit. These predictions are
made rapidly with a computer and sent to other

10g

tracking stations in other parts of the world. The
other tracking statibns around ti ¢ world watch
for the satellite during its first trip and “record
additional data which enables more precisé¢
predictions to be made Thus, -during the first
week of orbiting, tracking stations all around the
world are obtaining progressively. more accurate
data conceming the satellite. This data is. put
-into a computer where corrections of arlier
estimates of the orbit are made.
- Orice the initial predictions are complete and
the satellite link becomes operational therg is
very little change in these calculations. The
orbits will change slightly over a period of time;
"however, these changes are so gradual that
~predictions will be -accurate enough to bhe used
for weeks or even months without further
corrections. When the orbits are known:
precisely, an ephemeris can be calculated for
each-satellite ot the system

3

Antenna Pointing

Antenna ' pointing- instructions are derived
from the ephemeéris of a gatellite. These
instructions must, howeve; be computed
separately for each ground station location. A
satellite which bears due south of station A at an
elevation of 25 degrees may smultaneously bear
due southeast of station B at an elevation of 30
degrees. Antenna pointing’, instructions are
determined by taking into consideration the
orbital prediction and the latitude and longitude
of each ground station.

"From, the standpoint of acquiring' radio
‘comitact with a satelhte _the only important local
coordinates of position are bearing and
elevation. Knowledge. of the bearing and
elevation of a satellite at the time planned for
acquisition permits the antenna to be properly .
pointed.

- "CONTROL CENTER
INFORMATION.=The use of satellites to set up °
particular communication links requires
planning. Varying and contingent needs of users
must be considered. With a limited number of
either random orbit or quasisynchronous
safellites, it is possible that there may be no
satellite in the common view of certain pairs of
ground stations for minutes or hours at a-time.

&

o

§i

o

94

~




. . R R .
i Chapter 6—~SATELLITE COMMUNICATIONS s g 7
‘ gv : SERVO
— RACK
- . ) NELS MODEMS ,
) i ‘NELG
/ s . ;. 8 S S j
° ‘ \TES . | &) . R
' v "EQUIPMENT F T » : »~ Y o S :
: CABINETS -CONTRCL * 14 el 2| R = ' o
CONSOLE ~ - : : % . ,
" LOWLEVEL ¢ . . - \ -
. - EQUIPMENT [P m . _—
- CABINET | gL F<< o
POWER T LESZHT

.« ©

Also. there may be a failure of electronic

equipment., Plznners must take all of these
things into cwhsideration in otder to make best
use of the sutellites.

.~ Antenra pointing justructions are calculated
for planned satellite acquisitions and for

additional acquisitions” to provide reliability in.

event of Satellite equipnient malfunction, In-the

IDSCS o centrai computer in” the Air Force

Satellite Control Iacility perforins these
caleutations for each carth. terminal location.
T8e Satellite Communications Control
Facility. operated by the DCA, schedules
operating time for_.the .use” of  the various
satellites by the three servicés. The Navy

- Satellite Operations Center, under the direction

L M ] .

Vs

———

- on -

8

Figure 6-13.—AN/SSC:6 shipboard terminal.
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ANPLIFIER

PRIME POWERS
” SUPPORT EQUIPMENT

of the ‘Naval Telecommunication. Command,
allecates Navy-assigned operating time to
Commur-cations Area.Master Stitions (CAMS)
which- in turn designate pairs ofseath terminals
to use the assigned time.

"o

Acquisition

_The acquisition of satellite signals by a -

ground station equipped with large antennas and.
operated at microwave frequericies places severe
requirements on ‘the .acquisition system;
particularly if the satellite is in.a medium
altitude circular orbit or in an-elliptical orbit.
These requirements can be divided- into two
problem areas: spatial-time uncertainties and

s
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» frequency variations. The spatial-time = -appropriate.computation equipment-to generate
acquisition.(acquisition. of-a signal at:some point ~"L;anténna pointing angles. The antenna. pointing,
in space at some instant intimg) must also - “dhigles are fed as cominands to th¢ antenna -«
 involve acquisitios; of: the signal‘frequency. - ‘positioning- servo-mechanisms. which. point-thes -
. -1 ] R = ’diiv‘t:ejmz_l???ﬁ; the required diréction: The amotint _
* SPATIAL-TIME FACTOR.-Very accurate . gf..datal*and computation -involved in using
antenna point data will be available-to-the earth <'programuied tracking to point ‘narrow
\ terminal ffom the Satellite Control Facility. SBeamwidth Antennss is quite exiensive. [
However, due td¥ equipment Limitations it is .additiol; soime ~deviations from caltulated
necessary. to conduck, a siiiall search about. the ’pbz?@giﬁﬁ anglés -arise as a result of antenna
. predicted locatior. of the satellite in order to moynt flexure and atmospheri¢ and ionospheric
X ‘make initial ¢ontact, This searching involves . Bgiﬁ:ﬁzg‘ojfradio waves. Since these uncertainties -
either manually -or automatically ‘scanning a - e%ist, programmed tracking is not wholly
> small area around the point whére the satcllite - satisfdctory and is not used extensively, * )
X appearance is predicted. ’ i °a£‘% Lo . .
' L ] L AUTOMATIC TRACKING.~In automatic
. . TIMING CONTROL.-Timing signals-for the {;.g";fﬁfﬁ&i@ntenna pointing information is
entire system are transmitted. by the:Aghy ,gcfhé‘r‘a‘a’t’ggiuzﬁy comparing the.direction of.the - °

- ¢

satellite terminal at Camp<Rgberts, Califerhia, to

Fort Dix. New Jersey, 2nd Helemario, Hawaii.

sFort Dix rettansmits these timing signals to sall
. terminals-in the Atlantic-European-African grea,
and Helemano transmits the gignals to all.-Pacitic
sites. - N

EY
-

FREQUENCY "CONTROL.~The freguency
" of ,a radio signal received from satellite
. . enerally is not exactly thé assigried down:link
frequen€y because of variations in the roceive
frequency. “The extent of this .ffequency
variation is quite dépendent upon_the %orbitai
geometry of thé satellites. The greatest
frequency variations.are observed in signals from
satellites-in medium altitude,. circular orbits-and
from those in dlliptical orbits. The smallest
frequency: variations are:observed-in signals from
satellites in néar-synchrorious and synchrongous
.orbits, -

i3

»

-

. 9

Tracking. .
LR ) . ,
When . 2 "partisular satellite has been
acquired, the. earth terminal antenna must
continue to track that satéllits for-as long as it is
to-be used as the commuaication relay. Two.of

several’ methods -of tricking are programined
»

tracking and automatic tracking.

» B
PO 4

PROGRAMMED TRACKING.-In

programmed tracking the known 6rbital

~parameters of the satellite are fed into

L
- -

& -

antenga”axis with ihe direction from which an )
actual satellite signal:is received. 'Since automatic
tracking Systeéms track the apparent position of
the satellife—that is, the dirgetion of arrival of
the ‘radiosignal-knowledge -of the real position
of the sitellite is ngt required: The automaic
tracking system is a. sefve-inechanism and, once
acquisition: hias -been accomplished; it

- Continually generates its.own pointing data, thus
‘eliminating the requirement for data input and

o

Q

computation: -
S S

. SATELLITE OUTAGE TIME.—~The system
specification for the-DSC3-allocates 120-secands .
for slewing the earth terminal antennas, .
acquiring the satelite signal, and checking for

' circuit continuity at handover. This represents:
the minimum outage time. ‘Howew.r, for severdl,
feasons a.satellge may not be immédiately
available, and, these reasons -may comnbine o
increase ‘the‘outage time. The ditference of drift

-. velocities .of the -Phase 1 IDSCS satéllités will
iead to bunching of satellites with. gapy caysing

. increased outage times. In additionywhen two or
more satellites sunultaneously occupy the
conimon volyme of the link terminal antennas, -
they will mutually interfere and preveiit reliable
communication. Other factors leading . to. |
increased outage times are satellite-sun,
g}gn‘j,;mption (increased noise: from the sun-

N

-

prévents corminunication), sutc’lli{t}c eclipse  -¢
(zi})ser‘jtqg:d ' power from solar cells), and satellite
faijures. Hence, the distribution-of outage times  °
102 /) o ) s .
a . ) G . -
. f 9‘_8 ° . h
o “ > . o
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Chapter 6-—SATELL1TE COMMUNICATIONS

is a c-omphcated function of time and

- earth-statlon locations,

&

ROLE-OF SATELLITE -
“"HM"'NICATIONS

R I

11 the context of a global mllltary
commumcatlons network satellite
commumcatlon systems become subsystemms
addmg sorely néeded capacrty or addltlonal

altemate, routing for communications traffic. A.
satellite link is just one of several kinds of -

long—dxstance links that iriterconnect swntchxng
scenters-located strategically-around the world to
comprise the Defense Communications System
© (DCS) network. Satellite links. -are usually in
parallel with links that employ the more
conventional means of commumcatron-HF
radio, tropospheric scatter, ionospheric scatter,
:hnc-of-srght microwave, and landline. Satelhte
links provide added. capacity between vanous
points in the network; .and, since these hnks
contmue in- operation under conditions that
render other ‘media operable, they make 2
6sxgmf' icant -contribution to the. lmprovement; of
. reliability. The primary purpose of-the DCS'is to
provide long-haul,
* cominunication$’ capablhtles to Department of
Defense users Users need only estaohsh
communications. withi the nearest sthchxng
‘center to become network subscribers and to
‘have access ‘to-the entife DCS network Beyond
the point-to-point-communications requirements
there are the tactical communications
reqmrements of the individual services. For the
Navy. fhe potential of: satellite commdnlcatlons
‘for tactical .(non-DCSy service -is most
: encourdgnng ’

TYPICAL APPLIGATIONS

In-the appllcatlon of satellite

communxcatlon resources to mllltary
commumcatlons certain typical deployments
will explcit to the maximum extent ‘their
versatrhty and capacxty Some such applicatiogs
are: - .

a. D(‘S Long- Dlstance, Common-User
Communication.  This type cf communication

’ , Y

'ﬂex1b1hty for rerouting traffic. ’

A

«represents the mormal employment of the

satellite subsystem. This apphcatron provides -
additional high-capicity wide-band: trunks for a., *
variety of transmission modes and aidded
5. DCS Area Cominon Uset
Commur* catlon Area communication- Supports
large concentrations of forces engaged in
operations. encompassmg a-discrete remote area.
Such service extends hlgh-capacrty, long—dxstance
DCS trunks to-a-high- denslty 'of potential users
engaged in fluid-tactical sltuatlons .

c. Contingency Operatlon In this

Aapphcatlon the DCS facilities are extended <o

support’ a. military operation or humanltanan

effort. In this connection, the capabrhty of the

safellite subsystem can Ye used to advantage to

* support rapidedeployment and'to furnish reliable

point-to-point’

103

’long-dxstance trunklng, service w1tlun a-minimum

txme

"d. Command }and Control of Widely ~

Deployed Forces., HF communication to
erements Jof widely deployad forces is drfﬁcult

'even under ideal propagation conditions. On-the

other hand, the capabilities of a satellite
subsystem offer rapid, reliable commumt:atnon

bétween.and- -among mutually supporting theater

andsfleet commanders. A satellite subsystem-also-
possesses’ the necessary ﬂexrblhty for, system-
configuration ‘without loss of contact during
sudden ‘or frequent - ‘headqularters displacement.

. Tactical Cominunications. With .the
development of sultable antennas and
equipments that can be inst lled in most -types
of ships and airgraft, satelh?e communications
will be able to fill- the requirements for various
tactrcdl communlcatlons such as slnp~to-shxp,
shlp to-aircraft, ship- to-sl}ore-to-shxp, and
aireraft-to-ship. Tms typ€ of \communications
will be more reliable and: . less subject to
detection than methods presently ‘in*use.

f. Fleet Broadcast and'} Ship-to-Shors.
Present fleet broadcasts and ship-to-shore
communications rely Heavily upon HF for
communication ovér extended djstancés. As
with tactical communications, a satellite
subsystem will be more reliable and less subject
to detection. This will ensure rehable long-range
links between major fleet units and naval
commugpication stations ashore and -will
SImultaneogsly enhance fleet security. i

3
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SATELLITE COMMUNICATIONS

“advantagés 6ver ¢6nventional transmission for
long-distance Service. Satellite links are
unaffected by the propagation abnormalrtres
that- interfere ‘with HF radio,.are free from the
high attenuation of wire-or cable facilities, and

Satelhte ~c¢}‘u\umcatrons offer unique

aré capable of spanning long distances without

the nume'rous intervening repeater stations
which are required for line- ef-srght or
troposcatter links. They can. furnish the greater
reliability and ﬂex,lbxhty of service needed to
supporta military operatron .ot

(4 ‘¢
.

Capacity PR

Altpough exrstmg commercial ssatellite

eommumcétxon Systems are capable ofhandling~—-

:hundreds of. voice-frequency .channels, the
present operatronal military. conimunication
° satellite system, the-‘Phase I Imtxal Defense
Satellite: Commumcatlons System (IDSCS)
: hrmt,ed to less than:-a-dozen voice-channéls. per
Four séparately ass1gned
channels, each- c@able of handling-elevén-voice
channels are.available-in-each-1DSCS satellite-on-
‘both the .up link and .down link; however, tf)e
power: limitations: of the Phase I satelhte -on the
down:link prevents the usé of:more than: two RF
ghannels sxmultaﬁeously, (one full -duplex

contract, will have°greater channel-capabili

k3
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Wlthm ‘the present state “of art in. rocketry,
destruction of an orbiting vehicle is possible;
however, destruction of a single communication
satellite would be quite difficult:and-expensive.
The cost would- be excessive. compared to. the
tactrcal -advantage gained. [t would- be
particularly difficult to -destroy an entire
multiple-satellite: system-such as the twenty-srx
random-orbit satellite system currently in-use in
the IDSCS. The earth teiminals offer a more
attractive target for physical destruction, but
they can.be protected by the sarne measures that
are taken to.protect other vital installations.

A hlgh dégree of mvulnerablllty to-jamming
is-afforded:by the hlghly dlre,ctlonal antennas- at
the earth ‘terminals and by the w1de bandwidth
system which can dccommodate soplustrcated

aiiti-lam_modulation techniques” such as Spread B

spectrum and” frequency hopping. ..

© 9
<« ‘7

Flexibility .

g

transportable ‘vans that can ‘be loaded’into cargo

'planes and flown ‘o remote areas. With trained

* crews these terrminals can be puf into-opsration

.

cxrcurt) The-Phase iI. DSCS satellites, now. und(?\
t

wnth a consxderably wider RF bandwidth.

»

* Reliabllrty

¥ 2

Since propagatron of commumcatron
satelhte frequenciés is not dependent upon

reﬂectron or refraction and is affected only .

shghtly by atmosphenc phenomena, the’
reliability of active satellite communication
systems. is limited, essentially, only by the
reliability of the equipment emploved and the
. skill. 6f the opéfating and mdintenance
personnel. This improvement in reliability is. a
remarkable advantage fot Navy-communications,

-

so. long dependent upon, unreliable HF,

propagation fgr.qngst tactical communications.
9 ' X .

-
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.in a mattér or hours Therefore, direct long-haul
commumcatlons can ‘be established quickly to
.remote areas-'nearly anywhere in the-free- world.
(The present and eproposed DSCS satellites
provrde slight coverage in the polar fegions at
Iatltudes greater’than 70 degreés.)

2

LIMITA:I‘IONS ! o

IS ra

. -
5 -
g

" Limitations of a satellite, commumcatrons
system are determmed by the satellite’s

“Almagst-atl -of -the existing operational -
‘military satellite earth terminals are housed in

"technical characterlstlcs and its orbrtai—

parameters. Active communication satellite
systems are limited by satellite transmitter
pawer on ‘the down.links and to a lesser extent
by satellite receiver sensiiivity on the up links,
Early commumcatron satellites have also been
Jimited.by low gam antennas

»

o
°
e
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-

Satellite Transmitter
Power Limitations

The -amount of‘power availablé in.an active
satellite is limited by the weight restrictions
imposed on-the sateilite. ‘Early communication
satellites' were limited t6 a few ‘hundred pounds
because of launch-vehicle payload.restraints. The
only feasible power source onsistent -with the
tion is the inefficient. solar

cell. (Total power generation in the Phase I
IDSCS satellites is less than 50-watts,) Thus the
RF power output is severely limited, and a
relatively ‘weak signal is_transmitted by the
satellite on the down-link. The weak transmitted
signal; further diminished by propagation losses,
resglts in a very weak signal hzing available at
. the earth terminals. T he level of signals received
from a satellite is comparable to the
combination of external atmospheric noise -and

- “internal noise of standard receivers.

- Consequently, special techniqises must be used

»
~

to permit extraction of ‘the desired

2

Deévelopment of ‘stabilized , high gair antennas
and improved RF input stages in the receiver
will make-this problem less critical,

Satellité Availablity - .

The availability of asatellite to-act as a relay
station-between two earth terminals depends on
the locations of the earth terminals and ‘the
orbital parameters of the-satellite. All satellites,
except those in a synchronous. orbit, will be in
view of any given-pair of earth stations only-part .
of the fime. The length of time that a
-nonsynchronous satellite in:a circular orbit will
‘be in thezone of mutual-visibility depends upon
the height at which the satellite is circling,
Elliptical orbits cause the satellite zone of
mutual visibility b&tween any two earth _
terminals to vary from. orbit to orbit, but the
‘times of mutual visibility are predictable. See

- figure 614 for an illustration of the zone of

miutual visibility.

cpmmur_ricatioﬁ*infonhaﬁdn;frcmhevez:éivea
signal. Large, high gain antennas and special
types of preamplifiers solve this. problem but
add complexity and size to-the earth terminal.
(The smallest terminal in the IDSCS has an
18-foot. antenna and weighs 19,500 pounds.)
Development of more efficient ‘power sources
.and relaxation.of weight restrictions will-permit
improved satellite performanceé: and increased
capacity. . .

-

Satellite Receiver
Sensitivity

4
o

Although -powerful transmitters and highly
directional antennas can ‘be used at an earth
station, the spherical wavefront of the radiated
signal Spreads as it travels through space. The
satellite antenna-intercepts only a small amount
of ‘the transmitted signal power and, because -of
its. low gain, a relatively weak’ signal is received
-at’the satellite receiver. Although the strength of

<

. the 'signal-.received’ on the up link is not ac

critical as that received on the down-link, careful
design of -the ‘RF stage of sdtellite receivers is
required to achieve satisfactory. operations,

“\

[
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F UTURE SATELLITE
COMMUNICATIONS
 When satellitt communications are. well
established and ‘Navy ships have -need for
‘permanent terminals, a new type will be
integrated -into the ship and be fully compatible
with other electronic systems and_equipment.

<

ZONE OF
MUTUAL VISIBILITY

|

}

STATION NO. |
. \PATH OF SATELLITE—"

©.31.108
Figure 6-14,—Zone of mutual visibility.

L2
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When this happens, the number of conventional
transmitters and receivers aboard ship can be
reduced. Confmunications. via satellite will
- augment existing communications as part of the,
" overall system for the. command and control of

- “replace all existing means of radio
- communications; however, it is a-major step in
modernizing ’avy commiunications and will
relieve the Navy of its total-dependénce on HF

need for many HF ground stations overseas.

‘ The survivability of reliable communications
o " for the command and control of our strategic
nuclear forces is of paramount importance to

°

E R
e

~y
Ny

naval forces. Satellite commumcatlons will not .

radio transmissions, ultrmately reducing the

» the credrbxhty of our deterrent Tor this reason
the Department of Defense is engaged in the
development of new <o mmunicaticns techniques
and systems, including some that are space
based, to improve the survivability of our
strategic communications against nuclear and
electronic attack.

For more information on Satellite
Commumcatrons refer to NTP 2, Navy Satellite
" Operations. This _publication was designed -to

concisely explain. the Navy’s role-in Phase Il of
the Defense Satellite Communication System
and to promulgate procedures for effective,
coordmated utrhzanon of available satellite
resources.-




CHAPTER 7

© WAVE PROPAGATION AND ANTENNAS

In the two previous-chapters we studied the
basic concepts of the various communications
systems. -Essential to communication systems is
the theory of transmitting RF energy through

space and thie varioys conditions affécting its.

progress from the pgmt of transmission to the
‘ point of. reception. . -

This chapter wxll present in a simplified:

manner the basic theories involved in
propagating radio- waves, the characteristics-of
antennas designed to radiate radio waves, and
the different antenna configurations utilizéd in
commumcatlon systemis. i

-;‘

~

' BASIC RADIO
COMMUNICATION SYSTEM

In’ any radlo system, energy in- thc form of
electromagnetnc (radio) waves is generated by-a
transmitter and ‘fed to an antenna by means of a
transmission line. The antenna radiates this
- energy out into space at the speed of light
(approximately 186,000 mnles Jper. second).
Receiving antennas, placed. in the path of a
travelmg radio -wave, absorb part of the radiated
-énergy and send it- through a.transmission line to
a receiver. Thus, components required. for
_successful transmission of intelligence by means
of radio waves.are a transmitter, a transmission
line, a transmitting antenna, a-medium through
which radio waves travel (for example, the

atmosphere surrounding the earth), a receiving,

antenna, another transmission line, and the
receiving equipment. Figure 7-1 is a block
diagram showing the arrangement of these
" components. .

Successful communication by means of
radio waves depends chiefly on the power of the

.transmitter, frequency used, distance between

transmitter and receiver, antenna configuration,
and’ sensmvxty (ability to amplify weak signals)
of the receiver. The ability of the earth’s

atmosphere -to.condu-t energy to its destination.

together with the -naturc-cf the ‘térrain between
sending and-receiving points, may be responsible
for the frequency selected. Interfering signals
can make reception impossible-at-a-desiréd time.
Moreover, the amount of noise -present and

" transmission line losses may combine to make .

unintelligible an otherwisé good signal.

VARIOUS COMPONENTS OF .
A PROPAGATED ELECTROMAGNETIC
WAVE

When a radio wave leaves a vertical antenna
the field pattern of the wave résembles.a huge
doughnut lying-on the ground- with the antenna
in the hole at the center, as seen in figure 7-2.
Part of the wave moves outward in-contact with.
the ground to_form the GROUND WAVE, and-
the remainder of the wave moves upward and
outward to form the SKYWAVE, as shown in

figure 7-3. The ground and sky portions of the. .

radio wave are responsible for two different

methods -of carrying the intelligence from
transmitter to-receiver. The ground wave is used

‘both for short range communications at -high

frequencies with low power and for long range
communication at low frequencies-and with very
hngh power, Daytrme xeception from most
commercral stations 1is -carried by the ground
wave.

The sky ‘wave is. used for long range high-
frequency daylight communication. At night,
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MEQIUM
(EARTH'S ATMOSPHERE)

PORTION Of RADIO WAVE
INTERCEPTED BY
RECEIVINO ANTENNA

TRANSMITTING

-ANTENNA ANTENNA

TRANSMISSION
LINE

TRANSMISSION
- LINE .

JTRansmiTTER RECEIVER

316 .
.Figurs 7-1.—Basic radio communication system.
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- AXIS —

€

179.474
thu'o 7-2.~Vartical antenna field pattern. .
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the sky wave provides a means for long range
contacts at somewhat lower frequencies.

GROUND WAVE

The physical ‘mechanics of ground ivave
propagation are less complicated than those of
sky wave propagatron Ground waves are

N e
-

"

L\ 0
N\
) zzn)ms -

.

198,

e

propagated within the troposphere (the. first 7'to
10 miles -above the”earth's surface). There are
fewer variables-involved, and these are not
subject to.such randém behavior and extréme
excursions. as is the case for sky wave
transmissions.

Refraction (bending) in the troposphere of
electromagnetic energy (radio waves) toward the
earth’s surface accounts for the tendency of a
ground wave-to follow the contour of the earth’s
surtace and thereby achieve transmission
* distances beyond the line of srgh"t In- the
troposphere the amount of refraction normally
decreases with height so that a ground wave is
bent or tiltéd toward the earth in a manner
srmrlar to the. refraction of, radjo- waves in the
1onosphere

The\detractron effect of* an obstacle in the

path of a\radio- wave is shown in figure 7-4. The

resultant wave- fronts-are drstorted and:the wave
front is extended downward. Instead of_ being
sh1elded,‘ an antenna erected at point A’ would
receive some energy from the transmitting
antenna . y

The ground wave .is responsrble for most of
the daytime broadcast reception. As it passes
over. and through the ground this wave induces

-a voltage:in the earth’setting up eddy currents.

The . energy used to establrsh these currents. is-

absorbed from the ground wave, thereby

weakening it as it’ moves away from the
tmnsmtgtmg antenna. Increasing the frequency
rapidly increases the attenuation so that the
ground wave ‘transmission is limited to rejatively
low frequencies. Shoré base transmitters are able
to-transmit long range ground wave transmissions
by using frequencies between 18 and 300 kiz
with extrémely high power.-

" Since the. electrical- propérties of the earth
along whi¢h the surface wave’travels are
relatively constant, the signal strength from a
given station at a given »point ‘is-nearly constant.
This holds-essentially true-in-all localities.-except

those having distinct rainy and dry seasons.

There the difference ‘in the amount of moisture
causcs the conductmty of the sorl to change

The conductivity of salt water is 5,000 tmcs
as great as that of dry soil. High power, low
frequency. transmitters are placed as close to the

~
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» Figure 7-3.~Grourid and sky wavs,

-

' ' C 4T 179.429

Figure 7-4, ~Ditfraction of t?yminitjed energy

.,by sharp edge of a mountain,

#dge of the i‘S,Ce_an as practical bhecause of the
superiority of surface wave conduction by salt
, water. - ' : -

SKY WAVE.

That portion of the.radio wdve wkich moves
upward’and outward is not in.contact with-the
‘ground and: is called the SKY WAVE. It behaves
similarly to the ground wave. Some of the

- 179.495

&

particles of the aﬁ‘mosphéric Exyers. "A:-receiver
lgcated in the vicinity of the returning sky wave
will receive strong signals even though several

hyndred- miles ‘beyond. the -range of the,groupd .

. wave, -

.
-
N -8

IONOSPHERE -

-

The ionosphere «is fornd in, the very .high
atmosphere approximately 30 to 250 -miles

.above the earth, It differs from other )

* atmospheric parts in that it contains a much

energy of the sky waveiis.refracted'(bent) by the

ionosphere 'so that it comes back toward the
€arth. Some -energy is lost in dissipation, to

I

higher number’-gf positive and negative’ions. The
negative ions are bélieved to be_ atoms whose

solar bombardment of ultra-violet.and- particle
radiutions. The rotation of the- earth on its axis,
the annual course of the-earth-around the:sun,
and the development of sun spots all affect the
number of ions present’in the ionosphere, and
these in turn affect the quality and distance of
electronic transmissions.

The.ionosphete is constantly ’chabnging, Some
of ‘the ons are returning to their nérmal energy .
level, while other atoms are being raised to a.,

w2

-energy levels have beeh raised 10.d high'level by 4
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higher ‘energy’ level. The rate of variation
between high and low level of energy depends
upon the amount of air present and the-strength

of radiation from the sun.

FLd

STRUCTURE OF :
THE IONOSPHERE , ' L.

.

Densmes of ionization in the ionosphere
tend- to peak -at various helghts above ‘the earth.
as .a result of differerices in the physical

properties. of “the atmosphe-'e at different |

"heights. The levels at which.the electron density

2 -+, reachés a maximum. are termed layers, and these

_ are identified"as the D, E, F1,and F2 layers in
order ‘of increasing hexght and . ionization
denisity. Actually, there is-thought to be nosharp .
dmdmg finé between layers, but.for. the purpose
of discussmn, such demarcation is indicated: The
relatlve/ dlstnbutlon of these layers above the

- earth “is shown in figure 7-5. The number of
layers their heights, arrd their <ionization.
(electron) density yary both geographlqally and
“with time. *

DfLayei' . B
The D layer lies between helghts of abOut 30’ .
and 55 miles above-the earth, and absorptionin
this layer is the principle cause of the daytime
attenuation of lugh-frequency sky waves. The D
layer exists only in the daylight hours and its
ionization density correlates with the elevation
angle “of the sun. Compared to the other layers
-at higher altitudes the electron density is
relatively low, but the free electrons are excited
. by the presence of -an electromagnetic wave.
Pronounced energy losses occur because of
collisions between the -élsctrons and the.
molecules of the atmosphere.

E Layer

l’he E layer, second.in. order of height, exists
between 55 and, 90 miles above the earth’s
surface ‘with maximum .density relatxvely

* constant at about 70 miles. The vaiiations of
this layer are regular and quite predictable. The
intensity of ionization follows the-sun’s altitude
closely, reaching.a maxirhum about noon, and
fading to such a weak level during the night as to

* »
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‘be practically useless as an aid to HF radio

communicatiops. The density of electrons in the
E layer is usually great enough. to refract to
earth -radio waves at frequencies as high as 20
MHz. The height of this layer-and its refractive
properties make it important for daytime
propagation at distances less than approxxmately
1200 miles. Longer distance transmission via the
E layer is usually impractical because cf the low
layer height and correspondingly- low. vertical

angle of departure of the transmitted wave. With-

this geometry, multiple reflections between. the
E layer .and the earth’s.surface are:required for
lorig-distance transmission, and a wave following
such & path suffers pronounced.absorption
durihg its travel through the D and E layers.

An unpredlctable phenomenon associated
with the E layer is the Sporadic E, abbreviated
Es. Irrégular cloud-like areas of unusually high

ionization often occur nedr the height of -

maximum ionization of :the regular E layer. The

physical" ‘processes ‘that produce the quite:

unpredictable E ionization are not fully known,
but the frequency of occurrence and the degree
of ionization vary sxgnmcantly with latitude.
Sometimes the Es layer, or cloud, is opaque to
radio waves and blankets thé upper layers. At

“other times.the Es may be so-thin that, although

its presence can be verified, radio waves

penetrate it easﬂy to be returned by the upper,

;__.*104
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layers. These characteristics can be eitherhelpful
or harmlul to radio communications. For
‘example. blanketing Es niay block pfo;’iagation
via a more favorable reguar layer in a certain
frequency range or cause addrtrOnal attenuation-
at other l'requencres Partjally reflecting -Es.can
cause serious multipath interference. especially ~
. detrimental to data-transmission systems. On-the ~
"other hand. Es may enable long-distance
" transmission at very high frequencies, or may -
permit short-distance transmission to locations
that would ordinarily-bevin-a skip zone.

FRegion ~
For HF radio communlcatrons, the F région

is the most important part of -the .ioriosphere.
Long term studies of the structure of the F
region by remote probing techniques show’
eonclusm.ly the existence.of two distinct: layers
called the FI and :F2 layers. These-two merge at
night into a single F layer at a height of 170-to
200 miles. During the day, the -FI layer has a *
lower limit of approxunately 100 miles, while
the F2 layer has a lower limit of about 160 to

" 250 miles depending-upon-the season of the year
and trme ofthe day

P

-

.
~
-

. Fl LAYER.=-The FI layer has not been as
well “defined as the F2 layer in* terms of its
predrctable characteristics. This layer

i occasronally is the refracting region for HF
tlansmxsslon, but usually oblique-incidence
‘waves that penetrate the Eayer also penetrate
the F1 layer and are bent earthward by the F2
"layer. The principal effect of the Fi layer is to
introduce additional absorption of such waves.

F2 LAYER: ~The F2 layer is by far the most
important layer for HF radio communications,
and unfortunately, it is also the most ‘variable. It
is the ‘most highly lomzed of all the layers and
its height and idnization density vary daily, ".
seasonally and. over-the-I:l year sunspot cycle.
The degree of” 1on12at10n does not follow the

_-altitude of the sun.in any simple. xashlon but it
generally peaks. in the -aftermoon ande decr_eases
gradually throughout the night. The.absénce of "
the- F1 Tldyer at night -and reduction in
absorption in' the E layer cause nighttime:signal
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intensitics {and nvise) io be gencrally higher

_ than they are during dayﬁght hours.. ,

Q

o

+

EFFECT.OF IONOSPHERE .
ONTHE SKY WAVE > .. =

The ionosphere has many char‘.ctenstrcs
Some waves penetrate and pass entirely through -
it into space, never to refurn. Other waves
penetrate but bend. Generally, the 1onosphere
acts as a conductor, and absorbs energy in.
varying .amounts from the electronic .wave. The
ionosphere also, acts s an electronic mirror and
refracts (bends) the sky wave back ‘to-the earth,

as. lllustrated in figure 7-6. Here the* lonosphere .

does by refractron ‘what water does to a.bearn of
light. .

The ability of the lonospherr to re'%urn an
electronic wave to the earth depends upon the
angle at which the sky wave strikes the
ionosphere, the frequency of the transmlssrons

and ion densrty When the wave-from an ant.erna .
strikes the ionosphere at an angle the wave’
begins to bend. If the frequency ahd-angle are,

correct and the ionosphere is sufficiently dense,
the wave will eventually emerge from the
ronosphere and return-to-the earth. If. a.receiver
is located .at either of "the points B, figure 7-6,
the tranSmlss;on from point ‘A will be receivéd.

_The sky wave in figure 7-7 is assumed-to be.

composed of rfays that emanate from the
antenna in .three distinct .groups that_.are
identified according to the angle of elevation.
The angle at which the group I rays strike the
ionosphere is too nearly vertical for the rays to
be retumed to earth. The rays are bent out of

]

lONQSPHER
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4
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‘ ‘ 13.2
Flgure 7-6. —Refnctlon of ‘the:sky waves by the »q
ionosphere.
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SURFAC E OF EARTH

1 3.30
Figlire 7.7.~Effect of the anglc of doparture on
the-area of reupﬁon

)

“line, but -pass completely through the ionosphere

and are lost. ‘A currently popular theory on
propagition is explained, as follows. : ‘
The angle made by the group 2’ rdys is called

the-CRITICAL.ANGLE for. that- frequency..Any .
ray that leaves the antenna at an angle greater

than this angle (0) will penetrate the ionosphere.

q

Group, 3 rays strike the ‘ioriosphere at the -

smallest angle that will be réfracted and still

return to.the-earth. At any smaller,angle the-tays.

‘ will be refracted but will not retum to the earth.

As the frequency increases, the initiai angle
decredses.’ Low frequency fields can be:projected
straight upward and will be returned to the
earth. The highest frequency that can bé sent

" ditectly upward and still b refracted back to
" the earti

is ‘called the CRITICAL
PREQUENC\‘ At sufficiently high frequencres

_regardless of the angle at. which the rays stnke_

the ionosphere, they- will ‘not be returned to ‘the
earth. The critical’ frequency is not.constant but
varies from one locality to anotlier, with the

tlme of day, season of the year, and- with. the

-sunspot cycle

%

Maximiiny Usable Frequency . .’

~ As the incrdent°angle is lowered from the

vertical, there is a-corrésponding increase in the

frequéncy- which. will be returned to-earth. The
factors which. determme the actual frequency to

>

be used for a communication circuit-are the
. height of the ionized layer used for refraction

and the distance between the two ends of’.the

circuit. The maximum frequency wluch will be

refracted for a given distance-of trdnsmrssron is

called- the maximum usable frequency (MUF).

The MUF is always higher than the critical

frequency

Frequency Qf

Optimum Traffic

¢ ' N ' .
Experience -has shown that the MUF may
increase or decrease significantly, especially

Pl

during daytime’because -of changes-occurring in -
s the ionosphere. Therefore, the frequency of 7

optrmum traffic (FOT) i8¢ -used so’that variations
in the ionosphere will have less effect on the
commumcatlon crrcmt

SKY W*AVE PROPAGATION

Sky wave_transfnrssron are those refracted. by
the ionosphere.. lonOSphére refracted sky waves
are generally the only usable waves for long
range communications. Figure 7-8 illustrates
some of the .many possible paths that radio
waves of various frequencies:may, take between a
transmitter and a. receiver :by réfraction in the
ionosphere. Some of the waves of too lugh a
Jrequency (30 MHz and ‘higher) for refraction by
the ionized layer pass on through and arelost-in
space. Other components of the wave, which are
assumed to be -of the correct frequency (helow

0

~ 30° MHz)- for retractron frem the'ionospheric
layers are returned to the earth these waves .

provide commupications. Note- alao that the skip
distance .is the. drstance from the transmitter zo
the nearest point at which the refracted waves

" return to-earth. The skip zcne and its relation to
the grourid wave are.shown in figure 7-8.

Note-the distinction between-the terms SKIP ’
DISTANCE and SKIP ZONE. For each ]
frequency at which:-refraction from an, :

" ionospheric layer: takes. place, ‘there is a skip
distance that depends on the degree of
ionization present. The.skip zone, on’ thc other,
hand, depends on how far the ground wa'e

_extends from the transmitter and where the sky
wave first returns to earth by refraction {romn an

1‘omzed layer The Sklp Zone is the zone between

o
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the end of the ground. wave transmission and the MULTIPLE-HOP TRANSMISSION
" point on the earth where the sky “wave first - L0
) . returns from the ionosphere. . The sky wave path of a sxgnal propagated at
‘ ) : , . two different vertical -angles is illustrated in .
. a o g figure 7-9, When the vertical angle is @1, the
As-noted {evious;{,y in the discussion. of the signal is returned to ‘the earth -at point A
ionosphere, the! higher the frequency of a wave,

reflected back to'the. aonosphere and reappears
_the less it is kfmcfed by .a given degree of

~

) o : 3116
/ Figure v7-8.~yariou: sky-wave transmission paths, . :
. .

X ) _ at point B. If. the same signal is-transmitted at
N ionjzation, . . lowcr vc;txcal radxatxon angle 02, it can ‘reach
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N\ )

TRANSMITTING.
SITE

S

point B.in‘a single hop. The signal trarismitred.at
angle @1 will suffer more ionospheric and
ground absorption losses than, that signal
transmitted at angle ¢2..In general, single hop
transmissions result in greater fieldintensities at,
a distant point than multiple hop transmissions.
By inspection -of figuré 7-9 it is evident that
longer distances can be covered-by multiple hop.

are generally utilized for long distance
transmissions, and in order to minimize the
number of reflections of the signal in arriving at
a distant point, lower vertical radiation angles
are used, However, there is a limit to -the
improvement obtained' by low. angle radiation,
because absorption and other factors make
operation on vertical radiation angles below 3
degrees impractical.. \ .

FADING. .

When a received sigpal varies in intensity
over a:telatively short. périod of time, the effect
vis known as fading, which is one of the most
troublesome problems encountered in electronic
recepnon

LRIC.

>

- Figure 7-9.—Path of a sky wave signal propegatod at'two d,iffu'tntwrtieal anﬁos.

in areas where sky waves are relied upon for
. -transmissio

transmissions- as the vertical radiation angle is- . ‘tront arrived: at a distant point via the E layer

decreased. Frequencies.in the9 to 80 MHz range . \
- obtained.
_ outputs, Thigis known as diversity recepnon

a few .miles above the earth, Norma aliy, the

water. The air gradually becomes cooler as the
altitude increases. Sometimes, unusual situations-

L4

There are ‘several -conditions which can
produce fading. One type of fading is prevalent

. Figure 7-10-shows two sky waves .
travelmg paths -of differént lengths, thereby‘ )
varying about the same point out of phase and
thus ‘producing 'a weakeriing of the signal. For,
instance, if a pornon of the transmitted wave

and another via «the F layer, a complete .
cancellation :of sngnal voltages would occur if the
waves arrived 180 degrees out of phase and with
equal amplitude. Usually, one signal is weaker
than ,the ccher; therefore, a usable signal is’

One method of overcommg fadmg is to place
two antennas a wavelength apart, feed two
separate receivers, and combine the audio

DUCTNG A ‘

ia &
Unusuai [anges ‘of VHF and UHF contacts
are caused by abnormal atmospheric conditions

warmest air is found near ‘the surface of theg



-
3,

~ n
KXt

;- - 179.498-
e Frgure 7-10. —Fadmg caused by arrival of two

st<y -waves at the same point (R).out of phase.

Y

. 'develop where warm layers of air ate found
- above "cooler layers. The condition is known as
‘ TEMPERATURE INVERSION

L3 R 5

When a temperature inversion exists, the

différent for the particles. trapped ‘within the
. ~—=boundaries from those -outside: them. These
; differences form channels or ducts that will
s conduct the radro waves many miles beyond the
assumed normal range., .
Sometlmes these ducts are in contact with
5 the water and may extend a few_hundred. feet
f " intothe air.. At other times the duct will start at
... " anelevation of between 500. arid 1,000 feet and
extend. an additional 500 to 1. 000 feet in the
air. N . .

~.‘, o N -

3

A

o

"',‘w—amount of refraction (index -of reffaction) is

TROPOSPHERIC PROPAGATION

e ]

The toregom;, sections of. thrs Lhdptbl‘ hdve
provided a diScussion of that portion of radrdted
. energy which is acted upoi By the 1onosphere
and ,retumed to earth and. also that portion.of
radiated energy which is prdpagated dlong the
earth's surfdace. In this section, consideration is,
given to that part of thg total radlated energy

' .which -undergoés’ r;eﬂectlons and refractrons i

the troposphere. * s ;

Refraction of radro=waves.m the trorosphere
“isva~function of various. meteoro]ogzcal variabjes.
Because of the ‘uneven. heating of “the earth’s,
surface,, the air in the troposphere is§n cofisfant *
motion. This motion  &auses smail turbulences,
or eddies, to be formed. These turbulénces are
quite sithilar to thé whlrlpools in a- rapidly:
moving stream of water. The turbulenceals most
intense near the earth’s surface and gradually

' drmmlshes—wrth altitude. . :,

For frequenues up to about 30 MHz Tadio

wavelenigths are. large compared -to the size of

-"the turbulences; therefore, the turbulences Jhave

httle effect on the transmitted signal. However,
-as the frequency .is ‘increased, *these Jocal
turbulences become mcreasmgly important
because they are responsible, for ‘tropospheric
scattertransmlssron Yo B .
o, D ~
FORWARD PROPAGATION BY
TROPUSPHERIC SCATTER

a

- + ¥
This scattermg phenomenon in the

__,___v*flf,anuantenna-extends—mt0*the duct“onf'the <

: wave enterd a duct after leaving.an antenna, the'
transmrssron may be conducted for a Jong
. distance.
transmission of radio waves in' ducts formed by
temperature iaversions is shown in fi igure 7 11.
o With certam ‘exceptions, ducts are formed

. over water where the following condrtrons are
R observed aboard shrp

“ . : b

R S

17 A wind is. blowiﬁg from the tand.
, § 2. Thereis a stratum of quiet air..
7+ % 3 High pressure, clear skies and little wmd
‘ 4. -Cool breeze over warm open ocean.
- - 5. “"Smoke, haze, or dust fails to-rise’-
"6, Received signal is fading rapidly. -

- 11s

“trop roposphere 1s based on the theory that

-

N . . B
-
) - 9

"An- example of this type. ot:/"""\

‘ " -20.255
Figure 7-11.—Duct effect in high frequency LA,
‘ transmission. '

*
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turbulenees prev.ulmg in the troposphere ause
scattering. ‘of the signal beyond the horizon, and

UHF range.’ The scatter effect is the same as lf
each turbulemce received the signal and ”
reradiated it. When properly enginecred,

- Forward Propagation by Tropospheric Scatter

(FPTS) is rehable up to distances of 600 miles.

The word scatter lmplles that the
spreading of energy'is equa} in ail directions;
. however, the direction. of energy dlstrlbutlon in
tropOSphenc scatter prOpagatgon differs only
sllghtly from the direction of ,the path of the
main wavefront. The scattering occurs.chiefly:i in
the forwdrd direction; -therefore, the term-
“forward, scatter” is sometimes used.”when,
talking about tropospheric scatter.

The magnitude of the received slgnal
depends -on the number of turbulences causing
scatter-in the desnred direction-and the direction
and: gain of the recelvmj,r antenna beam.. This

"+ quantity or magnitude is-called the scatter

volume. The scatter. volume .and scatter angle are
shown in figure- 7-12. As the scatter angle is
mcreased the amount of recelved scattered
energy decreases very rapidly.

The amount of received energy decreases as
.the_ height of the scatter volume is increased.
There aré¢ two reasons for this: -(1). scatter angle

. nal N

> take place pnmarlly when ‘operation is in the -

increases as height is ncreased, (2).th: aimount
of turbulence decrcases with height. As the
circuit distance is increased, the height of the
scatter volume must also be increased.
Therefore, the received signal level decreases. as
the circuit distance is-increased.

Since tropospheric scatter depends or
turbulences in the atmosphere, changes in
atmospheric conditions will affect the received
signal level. Both daily and seasonal variations

are noted. These changes are called long-tertn
fading. In addition to logg-term fading, the

tropospheric scatter signal often isjalso
characterized by vety rapid fading whith is
caused by multipath propagation. The signals
received at anyone time are the sum of all the
signals received from each of the turbulences in

_the volume. Since the turbulent conditiosn is

constantly changing, the path lengths and
individual signal levels are also- changing,
resulting in a rapidly changing signal. Although
the signal level is constantly changing, the
average signal level is persistent, and no

complete fade-out occurs, .-

Another characteristic of a tropospheric
scatter signal is its relatively low power level.
The scatter volume-can be pictured as a relay
station, located above the horizom, receiving the

Jransmitted energy and reradiating it to some

“”*E KC T e T

SITE

ﬁ - coe, o ‘
TRANSMITTING i <

1

‘

‘Figure 7-12,—~Scatter propagation. .
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<,
point beyond the line-of-sight distance. Since
most of the transmitted edergy is not reradiated.
to the receiver, the efficiency is very low. and

\.‘ the signal leve] at the final receiver pointis low.

To compénsate for the low efficiency’ in the
scatter volume.:the incident power must be high.
This is accomplished by using high-power
“transmitters and high-gain antennas which
concentrate the transmitted power into abeam,
thus increasing the intensity of energy on-each
turbulence in the volume. The receivet must also
be very sensitive to-detect the low level signais.

1

FREQUENCY SELECTION

Radio wave propagation, conditions have
their greatest effect on MF/HF circuits between
ships and stations ‘separated by great distances.
Frequency- selection in the MF/HF- range. is,
determined by propagation conditions,
frequency authorizations and frequency
availabilities. The sky waves of ‘higher
frequencies- can ‘be used during the daytime,.
while -lower frequencies must be used at night.

© The key to frequency selection is the condition
of the donosphére midway between ‘the two
,stations. NTP 6, SUPP-1 or other frequiency
- prediction information is used to deteriiine the
- recommended frequency band. The - selécted
. already inservice. . ‘

In all other frequency ranges, circuits usually

operate—under—semi-stable—propagation-
. . conditions, and frequency selection is based on
et frequency authorization and frequency

availability. T

¢ by

FREQUENCY PREDICTIONS - . -

The Institute “for Telecommunication
Sciences, previously known as-the Central Radio
Propagation Laboratory of the National Bureau
of - Standards, receives ang analyzes ionospheric

These ionospheric data are utilized by the
Armed Forces as well:as by many other users to
' produce -Monthly Median Frequency
Predictions.

frequency . is monitored ‘to be sure it s not .

data from many stations’throughout the world. -

'OBLIQUE IONOSPHERIC SOUNDER
RECEIVER ANJUPR-2 \

The lonospheric Sounder Receiver is an |
equipment that will aid the fleet communicator
in frequency selection. .As previously stated, the
key to.frequency selection is the condition of
the 4onosphere midway ‘between the two
stations that are communicating. Frequency
selection with the aid of the, Jonospheric
Sounder Receiver is accomplished in the
following manner. A transmitter stationed .
ashore sends a series of pulse sequences at,
precise times specified by its published
transmission schedule. The sounder teceiver jis
programmed to-autorhatically tuné to each-of 80
frequencies in the range from 2-to0 32 MHz, The

. tuning changes must occur at exactly the right
times and allowances-must be made for the time
taken for the signal to travel from the

" transmitter to -the receiver. Frequencies- ‘that

__bropagate are displayed on a scathode-ray
oscillograph- in the form of an Jonogram. The

- lonogram also shows multipath propagation .
which produces excessive distortion and the
effects -of solar flares which cause increased

™" absorption of the lower range of frequencies

that propagate. . ‘

. The Technical Manual contains tables that
list the operating procedures of the AN/UPR-2 . *
in a logical sequence.

FREQUENCY PLANS

#

——Frequency  plans contain .information .and’
guidance for intraservice, joint, and. combined .
use, .and for-opurating in specific areas. JANAP
195 contains information-and guidance for U:Ss.
Navy and Marine-Corps use; supplements to ACP
176 contain information for tinits operating
with NATO:and SEATO pact nations.

L o

v AN TENNAS

_ An antenna is a conductor or a system of
conductors for radiating (transmitting) or
intergepting ‘(receiving) radio waves. In its
elementary form, an antenna -may be simply a
length of elevated wire like:the common
receiying‘antenna for an ordinary broadcast

\
5
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receiver. If an antennais fed a radio-frequency
current from a transmitter, it. will radiate
electromagnetic waves into space. If an antenna
is placed in the path of an electromagnetic-wave
traveling through space, a radio fréquency
current. will be ‘induced in the antenna. The
induced current is used as the input to a
receiver. However, before dxscussmg specific
types of antennas, it will be helpful to discuss
several terms which are used to describe the
characteristics of antennas. .

ELECTROMAGNETIC *

»

"WAVE-MOTION-

The moveinent of waves in a pond and the
movemeént -of electromagnetic waves have
characteristics in. common.

Suppose you are standing at the edge of a
small pond of water. The surface of the pond-is
smooth and unbroken except for a few dead
leaves floating near your feet. If you toss a-stone

.~

&
®
the water. With the disturbance as the center,
waves are produced which move outward m
expanding circles. As each cifcle mpves ot
toward the edge of the:pond. a new ong-forms-at

“the center. Eventually, the waves cover the

“trough.

into the center of the pond, ripples spread out

from the place where_the stone struck the water.

In a few moinents, the disturbance reaches the

leaves -floating-near you, and they begin to bob

-up-and -down. The energy imparted by the stone

has made itself felt acrdss the surface of thé
pond; as shown in fi gure7 -13.
When the stone 'is tossed into the pond it

surface of the pond, and the leaves are bobbing
up and down as each wave pass/s Notice that
the leaves are not carried along Wwith the waves
and washed up on the shore, but have only an_
up and down motion. This is because the water
on which the leaves float is not moved sideways
by the waves. The only effect of the wave is to
raise or lower each paruclc in its path The part
of the wave that raises a particie is called the
crest; the part that lowexs a particle is called-the

Suppose that a source of RF energy. such as
a-radio transmitte, is connected to an antenna.
The antenna sets up fields in the surrounding
space, and the resultant waves are propagated in
all directions in the form of expanding
concentric circles, as shown .in figure 7-14. When
these waves encounter some device, such as a
receiving antenna, on which they can act, some
of their energy is given up to that device. The
essential fact in this picture is that energy is
transmitted by means of wave motion- in this

sets up a disturbance at the place where it strikes

.
~

Figure 7-13.~Wave motion in pond.
£

Pd

31.110

1181 4

PROPAGATION
OF ENERGY

) 31.111
Figure 7-14.—Electromagnetic wave inotion in space.
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o
case by -electromagnetic waves, Some’ ‘of the
energy produced by the transmitter is
transferred through space to. the receiver in
somewhat the same way aseame of the energy
of the stone tossed in the pond was transferred
through the water., - ;

el -
e
¢

The velocity of ‘these electromagnetic waves

-moving. through space is: found in the same

manner as the velocity of the water waves. It is
the distance divided by -the time required’ to

cover -that distance.”Instead of taking any -

distance, suppose you. gonsider ihe distance
:rom the crest of one wave to the crest of the
next. This is the length of -one wave, or one

wavelength. The same distance can also be
.-measured from the trough of one ‘wave to fhe
. trough-of-an adjacent wave. The eléctrotagnetic

wave in space ‘has definite wavelength. which-can

. measured' in the manner just -described. It is

asually measured'in meters, and it‘s'symbol is the

Greek letter lambda(k).

Since the vgloc’ity of an electromagnetic ,

wave in free spdce is considered -to be 300

~million meters per second, the formula for .
computing wavelength is expressed-as: ‘

300,000,000

‘avelength in méters = —
‘ : Frequency (in hertz)

2

‘For example, to compute the length of a full

wave antenna for use on 10,000 kHz proceed as -

follows: -

A. VERTICAL POLARIZATION

RCVR

30 meters, or, since
1 meter = 3.28 feet’
30 X 3.28 = 98.4 feet

300,000,000 =
- 10,000,000

-

If half-wave or quartér-wave: antenna vajues are
desired; simply divide the result by 2 or 4.

’

POLARIZATION

A radio wave consists of traveling electric
and magnetic fields. The magnetic field (H)
produces-an electric field (E) and the two fields
(called the electromagnetic field) radiate into
space. The polarization. of a wave-is determined
by the direction of the-eleétric lines of force (E
field). If the E field is vertical, the polarization is
vertical. Since the E field is paralle] to the wire
or arms of a simple antenna, an antenna that is
vertical with respect to the earth radiates a
vertically polarized wave, while 2 horizontal

antenia Tadiates 2 ‘horizontally .polarized wave.

Figure 715A represeiits the vertical electric-field

‘component -of a vertical antenna. Figure 7:15B
shows the horizontal electric field component of .

a horiz;qn;gl‘ antenna. Therefore, we referto the -

" antennas as being vertically or -horizontally

polarizeéd antennas.

For 'low frequencies the polarization is °

disturbed. and -the radiation field- has the same
polarization at-the distant receiving station that
it -had at the transmitting anterina. “When
high-frequency transmission -is used, the

-polarization _usually varies, sometimes quite

rapidly. Therefore, the ppolarization of the wave

-

s

B HORIZONTAL POLARIZATION -

'Figure 7-15.—Vartical and hotizontal polarization. -
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at the receiving station may or may not be the
~same as the polarization of the wave at the
‘transmitting station. ’

When the antennas are close to the ground,
vertically polarized waves yield a stronger-signal
close to-the earth than do horizontally polarized
waves. When the antennas are at least one
wavelength above theé- ground, the two-types of
polarization give approximately the same field
intensities near the earth. When the antennas are
several wavelengths ubove the ground,
horizontally polanzed waves yield a stronger

gm‘l closer to the edrth.

Drrectrvrty

All antennas are directional:to some extent
(eXcept for-a hypothetical unipole). This means
that an -antenna used for transmitting will
radiate most of its: energy in.certain directions;
an antenna used for Teceiving will best feceive
signals. from certain directions. The directional
characteristics of-an-antenna are. determmed toa

greaf éxtent by its- desrgn and’ the position-in -

which it is installed. Thus. certain directional
:qualrtres are. associated with each: type of’
antenna. The.radiation. pattern, which is a.good
-indication - of the duectrvrty of an antenpa or
antenna array, is plotted on a chart.
Mathematlcal derivation of antenna pattems for
‘many " of the more common types of antennas
are. given in standard antenna texts, and-will not
bé. discussed in -this- -manuyal. -

The following three terms are used to
describe general dlrectronal quahtres of an
antenna

~

. OMNIDIRECT IONAL. Receives or radlates
equally- well in all directjons eXcept off the ends.

BIDIRECTIONAL. Receives or radrates
efficiently in two.directions; for example, North
- and-South or East and West.

‘UNIDIRECT IONAL. Recelves or radlates
) effrcrently in only one direction.

TRA"JSM!SSION LINE

You-make use of a transmzssron device each
time you drive your car: The transmission

.

-

12011 4

¢

transfers the pawer of the engine to the rear
wheels; it is the connecting link. In radio we
must have a connecting link between the
transmitter and antenna. or between the
receivers and antenna. This link is called a
‘transmission line. The transmission line- transfers
energy from the transmitter to. the antenna or
energy from- the antenna.to the receiver. If -the
antenna could be built drrectly on the
transmittef and the recelver then there would
be no need for the transmission line. However,
even in a compact installation, such as_a ship or
aircraft, it'is-not usually convenient to locate the
transmltter or receiver néar the-antenna. Perhaps
you have gained thé impression that’
trgnsmission lines are used only for conducting
radio frequency energy from one pomt to
another This is-not true. The lines that suppiy ,
electrical enérgy to your house are transmission
lines- just.as-much.as are ‘the wi ,res connecting onie
circuit-to another.

A transmission line can therefore be detined
as-a device for transmitting or guiding electrical
energy from one point .to another. A poor
transniission line decreases the amount of energy
available at the transmitting antenna for
radiation or at the receiver for reception.
Conversely, a perfect transmission ling delivers
the ‘entire transmitter output to the antenna or’

. the entire feceived. signal to the receiver. In such
an 1deal system, tlie anténna alone radiates or
receives energy.

RF transmission lines behave differently in
different frequency ranges. An RF transmission:
line, desxgned to opérate at the relatively low °
frequencies used in.the- standard broadcast rarige
is not- likely to be usable in point-to-point .
aircraft communication system. An RF
transniission line can be expected to {ransfer
energy efficiently from one pojnt to another

, only at the frequency for which it is designed.
When this line is used at higher frequencres it -
will have greater losses. In practice this”means- o
that different kinds of transmission lines must
be -available for use in different frequency
ranges. -

BASIC TYPES OF ANTENNAS

- _An invention often borrows the name of its-
inventor. This is-true.about two basic antennas.
~ the Hertz and Marconi.

-

,w‘:___'_‘,,—r"
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Half-Wave i
A basic form of antenna with- a length of - ) ) i /[/ VOLTAGE
o one-half wavelength or a multiple thereof is 7 ANTENNA| i
known as a dipole or Hertz anténna. (See fig. . f
7-16.) This type -of antenna will not function _
. efficiently unless its length is one-half wave - TRANSMISSION CURRENT
~ length. {(or a multiple thereof)-of the frequency- LINE '
o to ‘ptgA—r_ad?ath .or‘ received. T»hgrefo;e, ‘this- GROUND ’ g . GROUND
antenpa is not,suitable when -a wide range of T P < —1 :
frequtncies is to be used. A distinguishing ; ;'OEFN?,4; ; 'MAG'E
featurt of a dipole-antenna is-that it néed not be 7" | autenna ! .
. connected to the ground as are other-antennas / | // . .
- which will be described later. At low s £~ IMAGE _
frequeAcies, -half-wave antennas are rather long; N ;s CURRENT
" therefore .they are used piimarily at shore T oVoasE 1. ., : )
S . installatjons where there is sufficient rocm. At : i P ‘
¢  very high-and ultrahigh frequencies,. the shorter - ! Lt
e e Wavelength _permits. construction_-using-metal - — ... . . .. _ - o
rods or| tubing. Depending upon the wave” . o g
polarization. desired, the-dipolé may be mounted t - 13.35
either ;hotizontally -or vertically. Transmission Figure 7-17.<Marconi antenna and waveforms of
linés may \be connected in the-center or at“the current-and voltage.. - N ‘2

ends of thé dipole. Because “the -dipole is an. ) ; ) R

- 77 ungrounded -antenna, it ‘may ‘be “installed far ~"Wavelength, the earth acts as another

" above the.ground or other absorbing structures. quarterwave .antenna—the image -antenna-shown

, S - in figre 717, Half-wave operation is-olitained .

«.- ~  Quarter-Wa - ) by-aid of this image. This.type of antenna can be N
N 7 . - . .o - y . . [

P ) , R used on.planes and ships where ‘the plane’s
A grounded antenna- whichiggne-fourth - fuselage or the ship’s ‘hull .provides- the imags

T ‘wavelength; or any odd multiple thereof, of the antenna. It is ofter practical t6 use a
; frequency to beradiatec-or received is Known.as quarter-wave -anténna where space is a problem.
. a Marconi antenna. (See fig. 7-17.).Noticé that There are many variations cof the quarter and-

bottom of the antenna/ and the ground.'  types designed for special usé throughout the

the-transmission lines are cc:;){ected ‘between the the-half-wave antenna as well as many -different
Although the dntenna jitself is only a* quarter -range of the radio frequency spectrum. They -are

| - _ . often’ uséd as components of more complex S :
\ . antennas, Cor‘_n_binatious:of’elemehts,»el‘ectrically ERE T
\ /2 < " . goqngptcd and physxqally ‘spaf:ed in the proper P
A/ L. 0 manner, can be used to obtain many desirable S

>

features; Such comginat'ion‘s of elements are

, I A : called ARRAYS... .
: TRANSMISSION 4 - R L - s
i LINE ‘ "COMMON.CCNFIGURATIONS
” - \ .
“ \ It is difficult to classify a-particular-type of
: ! : antenna as strictly a shore station’ type or a
o \ N . shipboard type ‘unless, of course, its physical
. o dimensions- are the fundamental considération. T ek
B S : . 13.34 For this'reason, séveral ‘antennas described in the Rt
Figqre‘7-16.-H¢lewave (Hg!tz), antenna. remainder of thjs_chaptc_r are used-both ashore-’

% - 7 - o ~
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and aﬂoar even though- tliey may be mdlcatt.d
as either typical shore station or ;yplcal
ShlpbOdld types. The types described are merely
a samplmg of the many and varied antennas

which will-be encountered. -

"o -

- Hogizontal Rhombic Antennas

In its- basic configuration, a rhombic is
composed. of four-long ‘horizcntal conductors.-or .
legs, arranged in- the shape of a rhombus. The
-thombics used at Naval Security.-Group: receiver
* sites are generally the terminated, unidiréctional
type-as shown in figure 7: -18. Horizontal.
rhombn, antennas are the most cqmmonly used
antennas. for pomt -to-point HF naval
communications. The main disadvantage of this

tvpe of antmna is the requirément for a large
area. ' .
Multi-Wire ‘Rhombic

: . . o

»

A. rhombic antenna will mlprove in
performance if more than.a smgle wire is used to

- formy each leg. By using three wires (see figure

719)- to form"each -leg-and connecting all of .
them _at, both ends to-a common point, but
spacirig them vertically 5 to 7 feet'apart at the
side poles, an lmproved aritenna known as a
“curtain rhombic’*is formed,

u o

L ¥

-
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anure'7-1 8.—Typical rhombic antenna.
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Figure 7;1'9.-Three wire thombic antenna.
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Sleeve Antenna

- Jl'he sleeve_anfenna_ is_used Bnmanly as a

receiving antenna in Navy Communications. Itis
a broadbanded, vertically polarized

omnidirectional antenna. Consequently, its

primary applications.afe in broadcast,
shtp/shq:é/shlp, and ground/alr/ground service

B T - - ——Trather-than-point-to=point.communications.

Originally, the sleeve antenna was developed
to fill the need for a versatile anténna at shore
stations,. but-it has been- modmed for shlpboard
use also. Figure 7-20 isa shore station version of

asleeve antenna. The shipboard sleeve antenna is

shown'in figure 7-21. -

23
+

-

~Conical Monopole Antenna: _ s

‘Conical monopolés are used extensnvely in
HF Navy Communications.” They were
devéloped to. fulfiil a need for efficient

broadband, vertically polarized, omnidiréctional’

antennas that are compaot in size. Their
comparatively short height is a definite assét to
be considered in conjunction with tl)gxr
‘excellent power ‘handling capabilities dnd broad
bandwxdth Conical monopoles are. readily
adaptable to shlp/shore/shlp, broadcast and
ground/axr/groum service. A conical monopole

antenna is.shown in figure 7-22. Like the sleeve -
antenna, it is used both ashore and aboard ship.

Wire Anténnas

For some applications ashore, especially in

VLF and LF transmissions, it is practical to use”
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Figure 7.20. -SIeevc eve antenna: (shore station).

K3

an. antenna that {5, simply a‘long wire with one
“end connected 16 the equipmert. A long-wire *
-anterina wrll ysually be’ stretched between poles
o m such a manner that the wire is essentially.
parallel to .fhie surface of .the earth. (See flg
7-23 .).Long’ smgle-wrre intenpas are constructed

-

»

VLF ‘band, thé antenna may -exténd’ _several
miles. If a long-wrre antenna,,xs five or more
/wavelengths “the more dxrectxonal 1t will: be
along its: axrs ‘ . oz

; a . T ' «

T ere antennas (l' ig. 7-24) are: mstalled aboard
# -ship for medium- and hxgh-frequency coverage
" Normally, they are not cut for a given

o frequency Instead a wire rope-is strung- exther

-
Lo
”
-

@

: strength Usually ‘it 1s made of phosphor—bronze

transmlttmg antennas is unlnsulated

_several wavelengths long; in some’ cases in the

) 1llustrated in figure 7-25 are vertrcally~polarrzed
. 1

- . B . - BN Lo .
\ . . . S . i - . * E M o N
o i . . B - . PN .«
-, N - . N . o
. , .
. . T - * . - . T : & e M -
. . L . AR . v
. / . e * “ . ) . - ‘ P »‘\ Y
e E v ” - .
.. . 2 . : . .- . “
. - . - R
. ‘
* - 4

v g P

.rvertrcally or horizontally-from a-yardarm_(or the
-madst itself) to outriggers; another nfast, or to the -
superstructure® If used. fortransmlttmg, the wire
antenna is tuned electrically to the desired
trequency -

% 4
+ <,
P

Much larger wrrc is used for shipboard
antennas :than, for land- installations. The larger
wiré ‘is Iess likely to ‘break under the strain of o7
shproard v15ratlons Addmonally, it ‘can be
stretched strghter to avoid sagging in hot weather. -
‘The "wire i§ twisted and stranded: for additional

corrosxon Wrre of’ récervrng aritennas ordmarrly -
is covered with a Jplastic.insulation; but wire of e
Rece;vxng wrre antennas normally are ) :
installed- forward--on ‘thenshlp nsjngwnearly__«.__’_'_;;
vertrcally fropr'thie, pildthouse-top to bracketson” -
the ‘mast;or yardaim, They .are located as far as .
possible’ from™ transmitfifig dnterinas so.thata'.- . "
minimum® of _energy. .is plcked: up from local

- transmitters, The transmission line- (lead-m) for o

¢ach recervmg antenna termrnates rn antenna

transfer panels’in radxo spaces - ST

-

‘I‘ransmlss‘io‘n lrnes of the transmrttmg
tantenna may. be of coaxral cable- or .copper,”® e RN
tubrng They dre. supported on :standoff’
insulators :and. are enclosed in rectangular. metal
ducts. called antenna: frunks. Each transthission.: .
line .connécts with an- mdrvrdual transmrtter or PR
_ with' ‘an‘antenna: multncoupler. v T e

The metal nngs, antennav k’nlfe swrtches < _
antenna hardwire,.-and accessories assocrated e
with transmitting anfennas are palnted red. - .
Hardware and accessories “used’ with' recemng
.antennas are painted blue. Thiis.color sthemeisa. - ¢
safety precaution ‘in that -it shows at a glance T
whether an antenna js - used, for radxa'tmg or . .
recemng ) . : Do

2 1 ¢ '.‘
Inverted Cone'Antenna =~ -~ , . | S

o S -
: vt

Inverted c0ne antennas snmrlar to the ohe: IR




communications in ship/shore/ship, broadcast,
" and ground/axr/ground applications. The

" t030MHz, -
The radial ground plane .that forms thr
gmund vystem for mverted cones is typical of
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, : I v 25.217(67) 0 . T
o . . ;' ‘Figuu 7~21 —-St“n lnunna for shlpbolrd use, " -t -
ommduectlonal \vcry broadbandcd radxators * the requirement for vertical ground mounted
-This antenna is, W1dcly used ~in Navy HF - antennas. The radial wires. are one-quarter

\yavclength long at. the lowc;t de51gn frequency,
and are spaced 3 degrees apart.

. HF mvem:d concs are. electncally similar to
‘comcal rionopole antcnnas Also, the inverted
cones generally are moxe expensive than other
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25214, - L T S
- Figure 7-22.—Conical moriopole antenna, ‘essentially self-supporting, may .be
) o . - ., déck-mdunted, or mounted ‘on brackétsion the
L _ ‘ ’ : stacks or superstructure (figure 7-26). The’
“.éommonly used HF omnidirectioral vertical physj‘cali;chafacterjsticsof;tijféblq whips 'for use .
" antennas. . . . along-the edges of aircraft carrier flight:decks: . |
- L ..+ 7 andretractable whips.for use aboird submarines - -«
; ~-are_ two ‘nore advantages .of the whip antenna
. o . . for shipboard -use: Whip-.antennas used in' HF -

%
N

*

Whip Antenna }
o ST T communications ‘are' made of tubular metal or
. Whip-type.dntennas have replaced- many wire: fiberglass ‘covered metal, They ate usually 35 -
antennas ;abo"ﬁrg ship because they are feet -in. length; hq_w;ver, some ‘modgls :are:
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. ANTENNA
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L LINE_
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1 8ox
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iy

C . 1.47
) Figure 7-26.—Whip aftenna. .

adjustable from a length-of 2 feet to a~max1mum
‘length.of 35 feet. Their wide application-in'Navy
. BF communrcatrons “is' due primarily to -their
low cost .and: simplicity of installation. Even, -
. though-it-is'generally assumed- that HF whips are.
.designed for efficient operatron "throughout the
2 t0.30:MHz range, actpal radiation »fficiency is
_largely dependent -upon their 0peratxon with

D -associated- tuning:- -devices. (normally used. with

transmltters) and a ground plane Wrthout an .
antenna tunxng system, whips-wiil generally have

0 PO

. a narrow bandwrdth and w1ll also be hmlted in .|

omnidirectional monopoles which are
" electrically characteristic of the general. class of

_ transportable communications: systems, - and in
laboratory and shop mstallatlous. NS .

- . . 5 . ore ..
* . R “ .
N . v “
R . - ..

\VHF-UHF Antennas - ‘

‘ mstallatlon is. that vertrcal condurtors, such as «

‘both transmitting and :receiving antennas must

'half-wave (dipole) type is the AT-150/SRC

the antenna does not radiate, but acts as a

_antenna is normally mounted horizontally.

S 126

. 129

-

+
)

power-radiating capability.
Whip antennas are-vertically polarrzed

vertical radiatofs. They are .used. in short.range~ *~ =~
shxp/shore/shrp commuhnications, in

]

At. VHF and- UHF frequencxes the shorter
wavelength makes the physical size “of the
antenna relatrvely< small;, Aboard " ship these
antennas are installed as high-and.as. much iri-the -
clear as pOSsrble The reason for the hrgh

masts, rigging, anid. cables in the vicinity,-cause , .
unwanted drrectrvrtyﬂn the radratronpattem ; Lo

For best results i m the VHF and:UHF ranges,‘ 3

have ‘the same polanzatron Vertrcally polarized
aritennas are used - for all ship- -to-ship,’
ship- -to-shore, and ait-gfound VHF UHF
communications. Usually, either a vertical
half—wave dipole or a vertical quarter-wave
antenna with; ground plane i$ used.

An ultrahrgh frequency antenna of the

(ﬁgure 7-27). The horizontal (longer) portion- of

mounting arm for the antenna and .as an°
enclosure for the antennafeedline. This type of )
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Figure 7-28.—Principle of parabolic reflection.

Flgun 7-27.-UHF antenna AT-1 50ISRC
VoL v
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‘ P'A‘RAﬁOLIC ANTENNA. -—Communicat'ion a
systems su\ch as..microwave line-of-sight radio®
and troposphenc -scatter use parabolic antennas.
These systerns -operate at frequencies that have
radlatxon properties approachmg those of light
waves and therefore can. be reflected in ‘much
the same mqnner that a searchhght reﬂector
controls a hght beam. ’

) It thus bccomes pmctxcable at, mncrowave"
frequencies to use high-gain antennas that .
resemble reﬂectors used--in. searchlights. These
antennas. concehtrate energy:into a narrow:beam
in the: same manner, as light energy. With. the. .
beam directed in the desired direction, it can be -
: - seen that a much larger sngnal arrives” at the

receiving antenna than would happén with a
nondirectional antenna. Figuré 7-28 depncts a
parabohc antenna that is used for-transmission
and recept:on of mlcrowave electromagnetxc S
enerny oo , o _ ‘ o .

! . . s

o Fighres*7729 ean'd;t 7-30 show two types of
SR tropospheric. Scatter antennas. Because of the
wave propagatxon in the troposphere, the signal -

76.58 -
Figure:7-29. -Mobllo tropospheric 30 foot scatter -
< lntmm. .

. strength ﬂuctuates considerably; consequently,

much; of the | gnal is lost. A steady signal ¢an be
maintained ‘by- using-diversity reception. Energy
from. each of a .number of fluctuating signals
may. be combined. All tropo scatter.systems use

PR
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diversity reception. To obtain signals over
different paths. that fade and vary
independently, some of all of the following
méthods may be used. Signals obtained-over. two

| ~or more 1ndependent paths by these methods are

-

0

-

.
. PR - N . . « % -
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, 76,59
Figure 7-30,—~Tropospheric scatter-antenna,

<

combmed in the .receiver m such a way as to
0 utxlxze the best signal at ail times.

-

>

a. Space diversity; Receiving antennas
separated by 50 wavelengths or more at
“-the. sxgnal frequency (usually. 10 to- 200.
feet is sufﬁcrent)

=%~ EY

Frequency diversity: Transmission on
. .different frequencies fages
ST independently, even when transmitted
and received through the same antehna.

-

¢. Angle d1vers1ty Two feedhorns produce
two beams from the same reflector at
slightly different angles. Thls method-

illuminating dxfferent scatter volumes in
the troposphere.

- ) 2
- X G

- W N o L,
COMMUNICATIONS IECHNICIAN 03&2°

. Figure 7-31 shows a- possrble arrangement of
a troposnhenc scatter site. Antenn‘as on the left
are.called billboard -antennas; those on the right
are dish antennas. Antennas vary in'size fram 60
feet in dlameter to 120 feet. 1q dlameter ormore.

i, ' -
Log-Pei'iodic Anténnzs A
t N

A requlrement has existed in< the HF and

' VHF barids, as well ds other trequé’ney bahds,

for an antenna .vhlch will operate‘%‘over an
extrémely wide frequency Tange. Figure 7-32
shows a typical LPA de51gned for extremely
broad-band;’ VHF communications. These
antennas are of a general class whose. structure-is
such that the directivity pattérn will vary
periodically with the logarlthm ‘of the
frequency. If the variations over one perlod are

.small, and continue to be smiall for all. periods,
th'e. result w1ll ‘be an extremelyﬂ broad-band )

antenna.

ey

The LPA can be mognted on steel ltowers or ‘

utility poles that incorporate rotating
mechanisms and-is -particularly: useful’ where
antenna-area is limited. A rotating LPA s known

asan RLPA, and possesses essentially the same -

*- ¢charadteristics as the fixed LPA, but has a

_receiving systems.

resultsrln two paths based on

different phy51cal form. (See fig. 7-33.) RLPA s
commonly are used in ship/shore/ship "and in

point-to-puint communications. The, aBJhty to -

rotate the drray 360 degrees is a distinct
advantage when the relative merits of *the fixed
and’ rotatable versions: of the LPA are compared.

>

o -

~ o b N
Wullenweber | -

Antenna Array

.

The Wullenweber array is an effective
vertlcally polarized antenna. array fqr Navy HE
Although its 1nmal
development was for high frequency direction
finder applications, the Wullenweber has been

'aCCepted for service as a point- to-pomt

communications antenna. Most Navy_receiver
sites -using the Wullenweber aritd¥ga t'or

) 12812.‘ ‘ : - '\
AR . .
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'76.60

Figure 7-31.—Possiblé arrangement of a tropospheric scatter comﬁiunimiqﬁ site,
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connected to the ground plane-at the lower end.
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cE ) * ‘Figure:7-33.—Rotatable log periodic antenna.- , -
point-to-point comrr’x‘qmc_:atans do so on a This vertical scréen arrangement contributes to s
shared basis with-other mission:requirements. :the directional characteristics for Wullenweber
A typical- Wullenweber -array, as. shown-in -  array. « ) T
- figure 7:34; cBnsists of two reéflecting screens L. - . ) .
" and two sets df, antenna elements arranged in Selectively Directional ) ) H
four concler'ltﬁc('é:rigle,ls, over a ground plane Monopoie Antenna ] ¢
. system of _r‘\gd and .mats. The low-band. R > .
; reflector scréen, formg)the innermost.circle; and, The. latest model.of this antenna has been .
proceeding outwardl, there is the circle-of 40low ~ placed. in service for Navy HF transmitting”
~v = - ‘band--antenna elements, then the high-band applications  as the AN/FRA-109. It is a high
. = - réflector sCreen, 4Rd then the circie .of 120:  -power radiator capable: of .operating either
¢ . - high-band antenna elements. . omnidirectionally or directionally, ds selected.
¢ ~ 'The Wulleriweber-array is designed to-receive —_ The AN/FRA-109 antenna system consists ‘
. " HF signals ranging' from 2 to- 10 MHz on the of two separate monopole antennas plus. .
" _low-band, and from 10 to 30.MHz-on the-high  auxiliary equipment as shown in figure 7-35. .
: band antenna:- S . .« One monopole (the low-baad) covefs the 4 "% .
. .« 'The low and high-band reflector screens are to- 1.1 MHz range, whilé the other monopole (the
. composed of vertical wires atfichied at the upper  high-band)-covers-the 11 to 30-MHzrange. The —
end to pole-supported horizontal beams, and two antennas are identical in constfuction ) ]

except for differences in physical size dictated

3
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Figure 7-34.~Circularly disposed antenna array (CDAA),
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HIGH-BAND MONOPOLE-ANTENA

ERIC

.
Aruitoxt provided by Eic:

i HIGH-DAND REFLECTOR SYSTEM
R (CONTROL. 80X & REFLECTORBXUMIY &)’
* W SWITCH AND REMOTE CONTROL ERIPMENT 05
. LS
3 s .
R »
' s ) , .
e L ... ______ Figure7-35.~Antennaset, AN/FRA-109,
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by frcquency The monopole is lllustrated"m
ﬁgure 7-36.

Emergency Antenna

Loss or damage to an antenna from heavy
seas, violent winds, or enemy-action may. cause
serious disruption of communications, Sections

of a whip antenna may be carried away,

insulators may be damaged, or a- wire antenna
fhay snap lbose from ‘its mootings. or break. If
loss or damage should-happen when all available
equxpment is needed you-may have to rig an

Figign-iSé.-Low and high band’monopole anteqna_!. ’ -

v

.emergen»y_antenna (or at Jea least assxsg) to restore.

communications on:a temporary basis untll the
regulamntgnna&an be:-repdired

"

The simplest.emergency antexina consists of
alength of wire rope to which a_high-voltage
insulator .is attached to one end #hd a heavy
alligator clip or lug is soldered to the'qther. The
end- with the ‘insulator.is hoisted to tvtﬁsnearegt
structure and secured. The end with the alligator
clip (or lug) is "attached to the equipment
transmission lme. To radiate effectively, -the
antenna must be sufflcxently clear of all

-grounded objects.

132. ' .
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CHAPTER 8

COMMUNICATION TRANSMITTERS AND RECEIVERS

Tranqmntters and receivers must each
" perform two. bisic functions. The transmitter
must generate an electric current of sufficnent
power and- at the desired frequency, and have
some means of varying-(or modulating) the basic
frequency so that it can carry an intelligible
- signal. The receiver must select the desired
frequency to receive and reject any undesired
frequencies. Selecting-the intelligible portion of
the desired signal and converting.thé mtelllgence
into audible sound waves or some type of visua}
-presentation (page print. facsimile copy,etc.) so
that it can be understood. In addition. receivers
must -have provisions for amplification to
increase the volume of the received signal in
order to overcome the .attenuatioy that it
necessarily suffers in-its journey -through space.
Generally, transmitters are located at remote
_sites and. operated by personnel of the RM.
(radioman’) rating. In description of
representative transmitters, only fundamental
features are discussed in-this manual.

- LA

TRANSMI‘I‘TERTYPES
Basic commumcatlon transmltters include
the contmuous wave (CW), amplltude
modulated (AM), frequency ‘modulated (FM),
and single sidéband (SSB) types. A brief
description of each typefollows,

_CON TINUOUS WAVE
(CW) TRANSMITTER

The continuous wave is used prmcnpally for
radlotelcgraphy—that is, for“the transmission of
short or long pulses of RF energy to form the
dots and dashes -of the Morse Code characters,

ES

This type of transmission is sometimes referred.
to as interrupted continuous wave. CW
transmission was- the first type rof radio
communication used, and it is still used
extensively for long range communications.
Some of theadvantages of CW transmission are-a
narrow bandwidth .and a high degree of
intelligibility even under severe noise-conditions.

The four essential components of a CW
transmitter are: (1) a generator of RF

oscillations; (2) a means of ampllfymg these
oscillations; (3) a ‘method -of turning the RF
output on and off .(keying) in.accordance- with
thé mtelllgence to be transmitted; and (4) an
-anténna to .radiate the keyed output of the
« transmitter.

A block diagram of a CW transmitter
together with the power supply is showfi in:
flgure 8-1. The oscillator generates the RF
cagrier of a predetermined frequency and
maintains it ‘within required llmlts The
oscillator may ‘be the -self-excited type, which
-originates a-signal.in-electron tubes or transistors
and associatéd. -circuits. Or it may be of the

. -crystal type, which-uses, .in .conjunction with.an_/
electron tube or transistor,.a-quartz crystal.cut
to vibrate at a certain frequency when
electrically- energzzed neither type, voltage and
current delivered by the oscillator are weak. -
Thus, the output of both types of oscillators

must be .amplified ‘many times to be radiated
any.distance.

The buffer stage or ﬁrst 1ntermed1ate power
amplxﬁer stagé is a- voltage amplifier that
increases the amplitude of the oscillator signal.to
a level that will drive the power amplifier. Power
delivered by the buffer varies with the type of
transmitter, but it may be hundreds or
thousands of volts.
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Frgure 8-1 --CW transmitter block dlagram
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The bufférserves two other purposes, one of

which -is to isolate the oscillator from. the®

amplifier stages. Without the buffer, changes in
the amplifier due to .keymg or variations in
source voltage would vary the load on the
oscrllator and’ cause it to change frequercy. It

may also be a fx‘equency multrpher ‘as we will -

se¥ later -

The f‘ nal stage of a transmitter is the power
amplifier. ‘Power is the product of current-times
voltage, and.in the power. -amplifier a iarge
amount of RF curtent :is nadé aviilable for
radiation by. thé- -antenna. - ;.

The key is used to-turn the buffer on and
off. When: the key, 'is closed, the RF carrier

© passes through the buffer stage, and when the.

key is openP the RF camer is prevented from
getting- through

. The. power: amplrfrer of a hlgh-power
transmitter may requnre far more dnvmg power
than. can -be supplied’ by an oscrllator and its
buffer stage. One or more jow-power
intermediate amplrfxers may be. required

between. the -buffer and the final amplifier that

feeds the antenna, The main- dlfferencebetween
many low and high-power transmitters;is in the

Lh
-

’ ‘SINGLE SIDEBAND , .

-

AMPLITUDE MODULATED
(AM) TRANSMITTER

~In ampl:tude modulation, the instantancous
amphtude of the RF output signal is varied in
proportion to the modulating signal. The
modulating srgnal may consist cf many
tfrequencies of” various amplltudes and phases,
stich as the signals comprising speech.

The block diagram of a srmplc. AM
radiotelephone transmitter is shown in figure
8-3. The oscillator, buffer, and pewer amplifier
serve the same purpose as in.the CW transmitter,
The: microphorie .converts, the - audio, (sound)
input into- correspondmg e]ecthcal energy. The
modulator amplifies the -audio signal to the
amplrtude ‘necessary to. fully moduilate tlie

carrier. The output of the modulator is applied -

to the power amplitier. The RF carrier and- the
modulating signal.are combined in the power
amplifi er to produce the amplitude modulated:
RF carfier o’htput for’ transmission. .In. the

absence -of a- moduldtmg signal; a continuous RF

carrier is radrdted by:the antenna.

(SSBY TRANSMITTER

A single srdeba,nd (SSB) ‘transmitter
translates audio frequency intelligence to desired.
radio frequencies. Unlike the amplitude
modulated ( AM) transmitter, usually only ohe
of thé sidebands, either the upper or the'lower
sidebgnd, is transmitted while thé remaining
sidebarid and the carrier are suppressed.

Figure 84 is the block diagram of an SSB
transmitter. The audio amplifier increases the
an'phtude of the signal to a lével adequate to

/)

operate the SSB generator. Usually the audio . °

amplifier is just a, voltage amplifi er’

- The SSB: generator zombines the audio- input
and the carrier input from the frequency
generator—to—produce -the-two-sidebands. -amd- *

number of intermediate-power-amplifying stages
that are used. e

In the block diagram of figure 8-2-the-input
and output powers are-given for eich stage of a
typical medium-frequency transmitter. It is
shown that the power output of a transmitter
can be increased by adding amplifier stages
capable of-delivering the powgr required.

3
|
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then suppresses the carrier. The two sidebands
are then fed to a filter which-selects the. desired
sideband and- suppresses the other gne.

The ‘SSB generatof in most cases operates at
a very low frequency compdred with the normu;
transmitted frequency. It is necessary, therefore,
to convert (or translate) the sideband output
from the filter to the desired frequency. This s

128 -
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the purpose of the mixer stage. To obtain a
higher carrier frequency for the mixer stage, a
second output is obtained from the frequency
generator and fed to'a frequency multiplier. The
output from 'the mixer is fed to a linear power
'amphﬁer“to build up the level of the signal for
transmrsslon.

*FREQUENCY MODULATED
(EM) TRANSMITTER bt

In frequency modulation (FM)- the
‘modulating signal combrnesi with the' carrier in
such a way as to cause the frequency of: the
resultant wave, to ‘vary in accordance with the
. instantaneous atnplltude of the modulatlng
signal.

Figure 8-5 is the block diagram’ of a narrow
band freqilency modulation - transmitter. The

moduldtmg signgl-is applied to a reactance, “tube
causrng the reactance to vary. The reaétance
tube is connected across the tank éircuit of the

oscillator. With no modulation, .the oscillator

generates a steady center frequency. With
modulatron applied, the reactance tube causes

— FIRST * SECOND ; ;
osc | BurFER | -SW L \rermepiate | SW 1, 28W | POWER
- AMPL['-‘IER_ i 'fﬁg{j‘,&,"ggﬁ AMPLIFIER
. 76.15
: I Figure 8\«2.-rlntermediate amplifiers increasé transmitter power. . :
L ‘ i
\ the frequency of the oscrllator to vary around
- . - the center frequency in accordancé with the
Losciaror 18-A-0ed sorrer LAY, POwER modulating signal. The output of the oscillator is
L Jvvii UV " jamediper] ¥ then fed to a frequency multiplier to increase
T 4 v - the frequency and then to a power amplifier to -
! ' ) ; ‘ increase the amplitude to the desired level tor
) mcngpuoie *\‘Y ", ' 'transmrssron
A "‘ auuu‘m“ Q\J o ' " IS
! . g — \ HARMONICS AND FREQUENCY
. ) ) MULTIPLICATION
179 384 ’ ’
’ anureas—AM radiotelephone 'rammmer block The term harmonics. sometimes is loosely

used to desrgnate unwanted: radratrons caused by
imperfections in the: transmlttrng -equipment,
‘but this interpretation is not entircly accurate.
True, ‘harmonics are always exact multiples of
the basic or fundamental! frequency generated
by an oscillator,. and are created in vacuum tubes
-and their assoclated circuits. Even harmonics are
2, 4, 6, 8 (and so on).times the, fundamental
odd harmomcs are 3, 5,°7, 9 (etc.) times the
fundamental. If an oscrllator has a fundamental -
frequency of 2500 kHz, harmomcally related
frequencies are— .

5000 ............. 2nd harmonic
7;5 00 .........1... 3rd harmonic,
10,000 .. ........... 4th harmonic
12,500 . ........%... 5th harmonic

4

It should be noted that the basic frequency
and the Ist harmonic are one and the same.

' The series ascends 1ndef1n1tely until. the
mtensrty is too weak to. be detected. In general,

_the energy in frequencies above the third

harmonic is.too weak to be significant. .

135

4

-

~

-




) SR SR - L . m;::\
COMMUNICATIONS TECHNIGIAN G 3°& 2~ ., - - .° . . )
- o o~ N L N N . o z:; ' ,
_ _AUDIO INPUT RS SR
/— - TN T I T g GRear], o,
Ars aoio ] [) [ ssa FILTER: o MIXER FOWER .
© AMP, GEN, . . o 4 AmP. .
A ° - . . . Ve 4 A ; =5 “:,
- P . - ,l( a , L . o , R e
P ) ' . . .
L [Emela iy e 0 , '
, | cenerator | - U kY MUTIPLIERY, = Tt
J B CL T T T 179,388
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@ - ¢ i i s
. ] OSCILLATOR [#
.( - ~ % ; S
Do ‘ TS 179:386" " -
‘ n ., Figure 8-5.~Narrow band FM transmitter. T . .
(S ’ .“

It is difficult to design and build a stable
-crystal oscillator,, because thé crystal 'must be
ground so ‘thin that it might .crack while
vibrating. These transmitters therefore have
oscillators” operating at comparatively low
‘frequencies, sometimes. as low as one-hundredth
of the ou;fn_x’t frequency.. Oscillator frequency is
raised to the required output frequency -by

_passing it"“through one or more frequency
multipliers. Frequency multipliers aré *special
power’amplifiers that . multiply the input
frequency. Stages that niultiply thé frequency
‘by 2 are-called doublers; those that multiply by

s

3 are triplers; and those multiplying by 4 are’
quadruplers, ¢ . L
The main difference between many
low-frequency and high-frequency transmitters
s in the number of frequency-multiplyingstages
used. Figure 8-6 shows the block diagrain of a
typicdl. Navy UHF/VHF transmitter. The
* oscillator in this transmitter is tunable from
18.75 MAz to 33.33 MHz. The multiple stages
increase the frequency by a factor of 12 by
mul;iplying successively by 2, 2, and 3.
In high-power, high-frequency transmitters,
one or more internediate amplifiers may. be

.. 136 - .. o
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" INTERMEDIATE
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SECOND:
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. TRIPLER. AND

R ‘ ) FIRST .2 L INTE » POWER
OSCILLATOR - " DOUBLER .  AMPLIFIER .:  DOUBLER AMDLEFIER
erset | 37)(;- P s A -fsxai- Ll :z::-
’, 3::3 -’ 6667 ™ Q?;’:Z: ™ ama [ 400
: MHz .. Lo MHz | MHz.
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Y

-

3

o

Figure.8-6.—Frequeiicy-multiplying _sti‘ggs‘o?ttypiul;Vl-l‘F/UHF:_tnnsmit"ur.

o

s

used between the last frequency multlpher eindo
the final power amplifier.

£

REPRE@EN‘rAﬂVE TRANSMI'ITERS ,

Modern medium- frequencv and

) hxgh-frcquency shipboard transmxttcrs must be
‘mpablc of transmlttnng over‘a wide range of .
In. 4ddifion to CW and ,

fréquenciés.
‘ ‘radlotclephone _modes, of operatxon they must

~ 'be capablc of ‘handhng RATT and- FAX
transmissions. They 'must be of ruggcd
construction for long sefvice life. Transmxtters
that ‘meet these - requirements, thcrefore, are

--Quite complex and-because of the limited space

T available for their_installation .in- naval ‘vessels,

they-are of compact construction.

3

‘One method of -obtaining equipment®
‘ "compactncss is to combine a transmitter:and a
recéiver into a smglc Aanit called-transceiver. A.
transceiver uses part of the sime. clectromc,
circuitry for ‘both transmxttmg and erccervmg,
hence: canmot transmit and receive
transmxttcr-reoexvcr, however,

2, sxmultaneously
* is-a separate transmxttcr and; receiver mountcd in

the sanye rack or cabmct The same anténna may_ -
tra’nsmxttcr-;zeccxvcr .
arrange sment, ‘(but the capabxhty for
indépendent operatxon of the :équipment sfill

be utxlxzcd for ths

“exists). Both térs are used i in the descnptlohs'
“of cquxpmcnt that follow.

" In physical size, shore based. transmitters are

‘usually several times larger than shipboard
. transmitters. Howevcr, the power outpuf of
'shore bascd transmltters is many txmcs, grcatcr

.v,g

L3

K
¢ ¢

76:16-

¢ -

" than shproard transmitters. This hxgh powcr
output is necessary to- provxdc rehable long-haul
:broadcast and pomt»to-pomt commumcatxons

- AN/FRT-39/40

: (l) Cw, (keycd camgr)

>t

Thc radxo transmxtter set AN/FRT-39 (ﬁgure
87) is.a gencral ‘purpose radjo- commumcatxons
transmitter capable of provxdxng 10,000 watts
output throughout a frequency, range of 2 to;28
MHz. The principle function of the équipmeént’is
to “provide long range communications from
shore-to-ship or point-to-point,by ‘the
sxngle-sxdcband type of operation. The |
cquxpmcnt may also be.'used for the followmg
‘typcs,of transnussxon

Y

a
[

(2) Frequcncy-Sluftx Carrier
(3) SingleSideband Suppressed.Cariier
4 Double-Sxdcband Suppressed Carrier.

(5) Independent Sxdcband (sepa‘ratc
. 1ntclhgcnce) ,
(6) Single-or Doublc-Sxdcband (wrth camcr)

© 3

With the qddxtnon of two cabxnets, power’

amplifier and power supply, the AN/FRT-39,

‘becomés an AN/FRTH40 s(Figure 8-8). The
power amplifier stage and antenna tuning .
controls of the AN/FRT-39 are slightly modified
and become the intermediate power . amphﬁcr
stage of the AN/FRT-40. The firial power-

amplifier 'section, of the. AN/FRT-40 consists of .. )

a power .amplifier capablc -of 40,000 watts
together with. ample power supply, relay and
toontrol, protcctxvc cn'cuxts and meters.

2

<
%
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The AN/f;RT 39 is constructed din ‘tv}oebasic

the auxiliary frame and houses the power
amphf er, the int>rmediate- power amplifier, the

main power supply, and- high voltagc section, the
power amphﬁer loading and tunmg controls,.the” -

relay and indicator control panels and-the meter
‘panel. The auxiliary frame houses all of the
sideband exciter equipment, exciter power
supply equipment, and other control’equipment
for the various modes of operation.

M *
[ - R .-

»

‘sectxons the. main frame and the auxxhary
. frame. The main frame is located to-the nghtof :

/

E , .o 139

" Figure'8:8;~Radio transmitting et (synthesized), AN/FRT-40,

‘ANZliRc-sz T e
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One of the Navy’s most versatxle
commumcatxon -equipments is the AN]URC-32
(f‘ igure 8:9)..It is a-transceiver operating in the 2-
to6 30-MHz high-frequency range, with a
transmltter peak envelope power of 500 watts.

Rl

The AN/URC—SZ is desxgned chiefly for‘
single-sideband transmission and for reception
on either the upper or loweér sidebands, or on .

‘both. sidebands- simultaneously with. separate

addition to single sideband operation, provisions

audio- and ‘IF channels for each sideband. In

* \
k)

T
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32.1356
anun 8-9 -—Radeo tranmmr.ANiURC-&B

'
s

are mcluded for AM* (camer réinserted), CW or
FSK .operation.

Because of its versatility and. power, the
"AN/URC-32B ‘is installed on -most Navy- ships
having' a requirement for cémmiunicating: ‘over
long -distances. It 1s bemg replaced- by the
AN/URTZ3. e ] N

“AN/WRT-Z R . . .

Thc AN/WRT-” (fig. 8- 10) is’a modérn HF
trarismitter used in surfacé. shrps and submarines,
It provides complete frequency coverage in
l-kHz steps over the frequency range of 2 to 30

- -~
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' _mdependent sideband.

’ RADIO- - . ;
FREQUENCY——':—-/

_AMPLIFIER

RADIO'
:FREQUENCY'—/‘Y
OSCILLATOR ° :

*

. ELECTRICAL )
FREQUENCY ——— |
‘CONTROL

" ANPLIFIER
~" POWER
" SUPPLY

POVER

‘HANDSET ___
Tk

: 32. 278(3 18 )
Frgun 810, -Radlo mnsmmor*AN/WRT—

e

MHz The RF oscrllator» produces funcfamental
" frequencies from 2 to-8 MHz. Frequency
‘multiplication- produces frequencres from 8 to .

30 MHz: N
The AN/WRT-2 transmitter has an. output

power of 500 watts on CV, frequency shift -

RATT and FAX, "and conventional AM

radiotelephohe. It has -a power output of 1000
watts when transmitting smgle srdeband or

Coupling to an antenna is through a radio
frequency tuner mounted as close to the

' antenna as: possrble The radio® frequency tuner is.

x

- -~¢
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constiucted so th.nt it nm\ bo. mstullcc{‘ on the
weatheridecks-of suiface ships,

A ‘front panel handset jack is turr rshed for
local phone operatlon of the equipment. A
built-in dttmm) load permits off-the-air tuning
unch condmons of radlo srleme

" ANWRGL ..

srdeband radio transmitter-receiver. It is capable
-of transmitting on any .one of 56,000
. frequenues spaced in- 0.5-kHz mcrements, in
the frequency range of 21029 9995 MHz: This
set has a3 maximum power output of 100 wats.
.. Vemier (continuous) tuning enables feception

_-on:any frequency iri the 2:to. 30-MHz range.

° The AN/WRC-I is Lapable of transmitting
and receiving SSB, CW, compatible AM, FSK,
and- -1SB signalg i’ elthcr a simplex or duplex
operation:

separatg units. Thesc units are the R 1051 /URR

- © 76.61
Figun 811 -Radio set ANMRG-‘!.

_The AN/WRG-1 (fig. 8-11) is .a single '

_shown in figure 8-12. This unit contains.a .
start-stop switch for turning the transmitter on
or off, jacks ‘for conneciing a handset or chest
set mu.rophone, headphones, or telegraph key, a
“volume control for the headphones, and

mdlcatrons ’ .

+The AN/WR(‘-I—.mdxo set consrsts of. fo'hr" DUMMY ANTENNAS

carrier on the air during transmltter tuning .
would give an enemy the opportunity to taker
_direction-finding ‘bearings and determine the
location. of the ship. Even durmg normal periods
of operation, transmitters are to be tuged by
methods that do not require radiation-from the

radio receiver, ra&xo transmltter T-827/URT RF

amplifier AM: 3007/URT and an .
" interconnection box used fo connect the other . . - .
three units together. Both the receiver and . Lo
transmitter contain. ’nelr own power supplies .
and can be operated as individual units. ’

-

REMOTE CONTROL UNIT -~ ' e

.

- To operate a» transmitter from a- remote »
locatlon requires a rémote-control unit. A’ |
typical remote-control unit; cominonly. called
RPU. (radiophone unit);. is type.C-1138A/UR

indicator lamps for transmxtter—on and carrier-on

Y a * @
“Under’ radio srlence condmons placmg a-

) 7.40.2A
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antenna. The reason ?or this precaution is to
‘minimize- mterference to other statlons usmg the
circuit.c
o v
--One way: to ‘tune. a  transmitter w:thout
causing tnwanted radiation s through; use of
previougly determmed and recorded calibration

3

a

settmgs forthe tunmg controls Another method - -
is to use a;dummy antenna. Dummy antennas,

. (called- dummy loads) haVé resistors ‘that’
dlssxpate the RE ¢nergy in the form of' heat and

prevent radiation ‘by ‘the transmitter during the ..

tuning- operatlon ‘One model, typical of most

- - dummy loads, is the DA-9l/U (fig.-8-13), which,_
~ can’be used with'traishiitters up to- <500 watts, It
is - enclosed ;in.a metal case that has fins to
increase -its alr-cooled surface area. The dumm"y
load, instéad:of the antenna, 1s:connected tothe

" output of the transmltter, and the normal
transmitter tunmg pmcédure ig:followed. Use of
the dumm§$ load with transmxtters such as.
AN/SR’I‘-lS requires manual disconnection of
the transmission. line. at the transmitter, and
connection of the dummy load. Upon_
00mpletxon of transmitter tuning, -the dummjl

load is dlsconnected and ‘the- antenna

transmission line is connected again to the
transmxtter

led

. S 76.29
« . - Figure 813.—~Dummy antenna DA-9T/U. .
. - % , . P

C e

'FUN%TIONS»OF RECEIVERS

.than this.

Some Navy. transmitters, such. as. the
‘URC-32 ‘have. built-in dummy antennas This
arrangement perrmts conriection -of elther ‘the
duinmy antenna.or-the actual antenna- by srmply .
tluowmg:aswrtch N . -

-+ ' RECEIVERS . .

- " .

\
:‘3 - «* . ‘Q—ki

“Modern. Navy ‘radio receivers. are easy to

) operate and maintain. Théy are capable of

receiving several types-of signals and -can- be
tuned acturately over a wide range of
frequenciées. Because they are not required-.to
produce or handle large currents and voltages,
their size is relatively small when .comgared to
the size .of most transmitters,

Unlike the receiving.units of the transcexvers
described carlier, the radio receivers discussed. in
this section ard separate equxpments that are
-capable of mdependent 0peratlon

> -
’

Radlo receivers must perform the followmg

- six: funt.txons*(figure 8-14): - .

Signal mterceptlog

Signal selection. |
Radxofreqyeng:y amplification.
Detection. .
Audiofrequency amphficatlon
Sound reproduction.

'QPPPNH

-0 Y.
These six functions are sufficient for AN -
receptlon ‘but for CW reception an addmonal
circuit (shown by dotted lines,: figure 8- 14),
called a beat-frequency oscxllator, 1srequ1red
< ¥ -
Signal Interception

The recexvmg “antenna mtercepts a smal]

‘portion of the passing radio waves. The sxgnal

voltage extracted by receivingantennas is only a

few microvolts, sufficient for subsequent- -

amplification .as long-.as the noise energy
iftercepted by the antenna is substantially less

‘ <
142 ~ B .
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s Sngnal Se]ectlo* . . " by separating the modulation: signal from the RF- 3
A carrier, The circuit that séparates the B

R:fdxofrequency Amphfncatnonp’x o
.

. 'Detectxon (}modulatlon)

Some ‘means.must be provnded to select the
désired signal from-all- RF carriers intercepted by

> the antenna. ‘This selectnon is made by -tined

circuits that pass only" thenr “résonant frequency
(frequency to which the “receiver’is tuned) -and
reject other frequcncnes Thus-the receiver is able
to differentiate ‘between the desired signal
frequency and-all othcr frcqucgcxes 8 “~

(4

'The weak sngnals mtercep@d by the anteniia

1 them ¢an be
nplifiers serve to

the intelligence contajn
recovered, One or more

. usually .must be amphfied% onsxdmbly before

- increase’ ‘the signal. to the-required level, A'tuned

circuit: in tach RF amplifier makes sure that
only the. desxrcd signal‘is’ amphﬁcd

>
, -

4

audxofrequency signal variations ‘from the RF
carrier’ is called the detector or demodulator.
Most detectors do nof_operate well:at very ] low
signallevels, and thisis orie.of the reasons why RE

® ® amplification is required ahead of the detector.

In CW (radnotelegraphy) rcceptlon,
beat-frequency oscillator (bfo) is.used in the
receiver circuit.. The bfo -provides an- RE sngnal

: that béats or heterodynes against the frequency

¢

" Audiofrequency 'Am.ptification

m_;ected into the détector. The resultant
frequency is a low-level audiofrequency.

I

The signal frequenc;y in" the output of, the
detector_generally i§ too weak to operate a

‘headset or loudspe er. One or 'more stages of
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AF amplifi¢atio
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strengthen the.au tput of t

: lf the, sx}gal is amplitude modulated the level sufficient tolopera e f‘e headset or .
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' receiver needs 4 strong signal to

[} .
Sound Reproduction .
5

headset "or loudspeaker that translates the
electrical AF variations into cor’espondlng,
sound waves. For AM; the’ sound output of the
wpeaker is a close replica -0f ‘the (original audio

* sounds at the transmitter. For CW, the sound.is

a tone the frequency of which depends upon the
frequency of the beat-frequency oscillator. This-
-tone is ‘heard -whenever’ the key i$ “depressed at’
the transmitter, and, consequently, it reproduces

COMMUNICATIONS TECHNIGIAN O 3 & 2

;
The ampl’tled AF signal lS applled to the

RESONANT

hmtenuprrmrs-of‘rhe-RF carrier-in accordance

" with. the Morse code.

%
>

3

-«

The sensrtnvnty of a-receiver is a measure of
how.well it: can ampltfy weak s1gnals
Commumcatron recervers -are hlghly sensitive
and :can opemte on far weaker srgnals than a,
‘home' radio. -

In- an area of -strong local mterference a
ive" good
reception. J the local interference has a field
strength' of 100- microvolts per meter, a signal
strength of from 500 t6- 1000 microvolts per
meter is requrred to Arown the noise. The same
_ receiver, free of local interference, may give
good reception on a sxgnal strength of 10
microvolts per meter. It is hard ‘to state the
exact minimum_field strength needed to operate
a receiver satrsfactonly, but many sets under
ideal conditions can function- 'on a sxgnal
strength of from I to-3 microvolts per meter. To

% bring-such a signal to an audible level requires-an-

.

SELECTIVITY ¢

amplification-of:many. mllllons of times,

" Selectivity is the z\brhty of a réceiver to
"respond to-one particular srgnal and to reject- all

’ others. A very selective receiver is sald to-tune

sha{ply

Some types of receivers are more selective *
than. othiers, A radrote'ephone commuhication
-receiver tunes’ more sharply than a- commerual
broadca,st receiver, and a CW commumcatron
Teceiver is even more. selectnve You can comparé
‘the three tuning curves in fi gure 8-15.

5 .
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RESONANT [ . RESONANT
'y FREQUENCY ! FREQUENCY FREQUENCY
2 T T T -
3 SR8 | - [ormleeuny , [SKHzlesicHz
LI IR -
i‘— f_ 0 -
3
N L
5 fINd ' ¥
b4 ’e s
ol ’- '
z / .
2 . g
EIRT A P g
COMMERGIAE __ CW -
- ~BROADCAST —*Q—counumcmon COMMUNICATION
N A B ~ c »
. .
% -
76. 24

A Figure 8-15, ~Tuning cuives of three types ‘of
tadio recervm

You wlll remember. the analysls of amplitude

modulation treated earlier ,in this chapter It -

showed how the 1ntelhgence transmitted” was
‘contanned in the sideband. frequencies. . ° °
i Carrrer waves from commercial broadcast
stations contain “sideband frequencnes that

_extend. 5 kHz on erther side of the carrier
frequency. If a station is tra'tsmlttmg on 1140

kHz, the complete carrier wave contains

frequencnes from 4135 to 1145, If a receiver ©

tuness too. sharply, some of the, sideband
frequéncies are lost,. with- a correSpondlng
sacrifice of fi delrty. The commercial broadcast -
receiver tuning curve shown in fi igure 8-15 is
‘OPTIMUM="“at its best.”” The top is broad and-
flat and the sides’ are-steep. Actually, most A
broadcast receivers have tuning curve
resembling the brokép line, and: many frequenc
components of’voice-and-music contained in t
signdl:are not-re produced by the set.
Although sharp tuning in a homé rad
would make for poor listening,:it is.desirable-for
military sets for the sake of- frequency econonjy
and réduction of interference. Radiotelephope
messages ¢an-be sent on- frequencies that extend
only. 2 kHz on either side of ‘the carrer
frequency. The voice may sound unnatural like
a. voice on. the telephone, but it can be

»

The CW sets-tune so sharply that. uniesd an

-operator is careful, he can turn his dial through

the signal ‘without even hearnng it.
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-SIGNAL:

BASIC SUPERHETERODYNE -
RECEIVER A \

The delC stages for AM superheterodyne
receptxon are shown in figure 8-16 i in the-order
in which a signal passes through the receiver.
The illustration also shows the’ changes in.
wave-shape of the signal as it passes through the
-receivér. The operation of the superheterodyne

~ receiver for the reception of AM slgnals is as

follows:

1. Modulated RF signals from many
transmitters are “intercepted by the antenna.
They- are fed -to the first-stage of the receiver,
which is a- vanable-tuncd RE-amplifier.

2. The desired RF signal is selected -by the
tuning circuit of the RF amphf ier, This signal.is
amplified, and all other slgndls are rejected to
some:degree.

-3, The amplified RF -signal is coupled to \
the mixer stage, where it is combined with-the
output-of the local-oscillator.. In this process of
heterodynmg (mixing), two.new frcqucncxes are

A3

FIXED
IF -SIGNAL

AMPLIFIED

[ANTENNA pe SIGNAL

RF .

produced. One is equal to the sum of the
incoming sigifal and the local oscillator; the
-other equals the difference between the
incoming signal and the local oscillator
frequencies. Most receivers, ‘are -designed with
selective circuits to reject. the sum frequency;
the difference frequency is. used as the
intermediate frequency (IF). Thus, the RF amp-
and local oscillator are tuned simultaneously
(gang-tuned), so that the dlfference frequency
from ‘mixer is always the same. It contains the
same modulation.as the-original RF- sngnal

4. The IF signal is ampllfled in the
fixed-tuned IF amplifier stages and i isscoupled to
the-detector.

5. The detector stage removes the audio
“modulatidn contained in the IF signal. and- filters
out the IF camer, which-no longer.is needed.

6. The resulting-audio-signal is amplified to
the level required by the loudspeaker. o

7. The electrical audio variations. are
converted into the-corresponding sound waves.
by -the. loudspeaker (or headphones)

PR )
.

AMPLIFIED .
IFrSIGNAL ¢

AF SIGNAL:  AMPLIFIED
AF SIGNAL,

- RF

AMPLIFIER AMPLIFIER

" _|DETECTOR |-
. {DEMOD-
| ‘uLATOR) |

| ar |
AMPLIFIER

4

OSCILLATOR
SIGNAL

SPEAKER’

~

Figure 8:'1’6.—Supirbcterodyne ncoi_u.r, showing signal wave-shape,

~ *
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REPRESENTATIVE RI'.CEIVERS

Most radio receivers operating in the VLF,
LF, MF, and HF bands of the frequericy
spectrum- are of the continuous .tuning type..
They -can be attuned to any frequency within
their frequency range, and they usually: cover
this range in several tuning bands. watchmg
from one band to another clianges.the receiver’s
:frequency-determmmg -components, permxttnng
more accurate funing than is -possibleif the
entiré frequency range were covered by a single-
set-of components -

RADIO RECEIVER -
R-39OA/URR ¢ .
.. CI’he radio recéiver R-390A/URR (Flg 8-17)
is.a superheterodyne type and .provides
reception of CW (continuous wave), MCW
(modulated- contln uous-wave), FSK
(frequency-shltt keyed), and SSB (single
sideband) signals. NOTE: SSB. reception requires
use of SSB converter (CV 591), discussed: later.
A double sideband .signal, either 'AM -or ‘PM

B (phase-modulated), ocwpyrng up to a-total of

"2 kHz.of spectrum foi voice trarismission. may

- also"be'received.
The receiver furnishes an AF (audio
. frequency) output to a local loudspeaker-and/or
headset There 1s also a balanced Tline audio

34.15
Figuu 8-17. —Rldlo receiver R- 390AIURR

-

-printers,

output for connection to a remote speaker. An
1F (1ntermed1ate frequency) output is also
provided so that received radio teletypewriter
signals may be fed te other equipment for
conversion into signals usable by telety pewriter

Two or three recervers can.be connected as a
space-dnversnty receiving system for réception of
voice signals (fig. 8-18). This systemn provides
substantlally uniform audio output to a

loudspeakeér or headset, minimizing:the effect of
fading signals. Rhombic antennas spaced at least:

600 feet apart are.connécted to the réceivers.

‘Figure 8-19 shows two_receivers connected
in a space diversity teletypewrxter system,
Rhombic antennas feed the iricoming frequenéy
shift sngnals to the receivers. The output of the
receivers is applied to'a-converter which provides
diversity combining and produces d.c. (difect

‘cutrent?) signals for the operation of
telety pewriter equipment.

A receiver and” a single sideﬁand— converter
may ‘be connected as shown in figure 8-20. This

system permits the reception of SSB signals.

occupying 12 kHz-of RF spectrum space.divided

_into two 6 kHz sidebands, one 6 kHz sideband

146

on each side -of -a. reduced: carrier. This system is
uséd primarily for the reception of:multichannel
radlo-teIetypewrxter transmissions.

ANTENNAS SPACED
APPROXIMATELY

-690 FTAPART
‘| RADIO RECEIVER LOUDSPEAKER
| R-3%0A/UAR OR:
(RCVR™ A HEADSET.
N .
RADIO RECEIVER
R-~330A/URR
~  (RCVR-@)
4
‘ 1] 0
31 117

Figure 8-18. —Spaee-dwersnty reuwtng system.
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ANTENNAS- SPACED . . . \
APPROXIMATELY .
€00 FT APART - .

) i r | - . . " .
I . | mavio neceiven N ) .
- e R - 3904 /URR .
(RCVR A) = . )
N Nt ol ~-CONVERTER-—] - ,
# M .
. ’ . i g TELETYPEWRITER
e s o O F - SET : s

. Coe + - ‘RADIO RECEIVER — . i
- . s - R-390A/URR .o .
: N\ T. IRCVR @ : .
o . . N\ : . ]

oo + R . - 5 R "
s - A L ! M
P { : : . Lo

, A s \ . . ‘ © 31,118
. S . . Fim? 8-19.—Space-diversity radio.teletypewriter receiving system.
: K . . - -

. p —
RADIO RECEIVER : si%sw:nno : Temmina | re s$v:mu. 1
. * R-390a7RR  § T CONVERTER EQUIPMENT o LETYPEWRITER -
. ‘ ' seTs
- - . . . \ N R

N,

[ . N 31 .1 1 9
- "F;igyn 8-20.~Single-sideband radio t)’%pewriter receiving system.
” . . \'~ ' ’ »
RECEIVER TUNING s superheterodyne -receiver capable of receiving

‘any type of radio signal.in the frequency range 2
to 30 MHz. It can be used as an independent
receiver. Or,.in c\onjunction"with a transmitter, it
automatically, an éperator still must do a lot to- can be used to-form .a transmitter-receiver
obtain proper operation from the equipment. combination, such as radio set AN/WRC-1
The operating procedures of the R-390A/URR, described previously (seg figure 8-11).

being a representative receiver, are covered in -Basically a crystal-controlled equipment, the

Appendix I. 'I‘hé.(:‘ontro_ls on other recejvers may R-1051/URR employs a digital tuning scheme
vary somewhat in their placement, appearance, fo:

nce I automatic tuning to any one of 56,000
and. perhaps their nomenclat_ure, but the basic operating frequencies. A display window
operating functions will be similar to those on directly above each control provides a readout
the'R-390A/URR. o of the digits to which the controls are set. The
RADIO RECEIVER R-i051 JURR displayed \frequency can be’changed in 1 kHz

K increments. An additional fine tuning control
The R-1051/URR (fig. 8-21) is one of the

provides cdntinuous tuning throughout the
newest radio receivers. It -is aversatile receiver’s-frequency range.

Although much of the Navy's °
communication equipment is set up or tuned

s 147
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Figure &51 .—Radio receiver'R-1061/URR, oparating controls and indicators.

This receivef is .designated-as standard
equipment- ‘for, use aboard all- ships. Although
presently availablein limited numbers only, it is
being procured: for distribution throughout the
fleet. ’ . .

'RADIO-RECEIVER R-1401A/G

The R:1401A/G VLF receiver (Figure §-22)is
tunable over-the frequency range of 1 kHz to
600 kHz in -one band: It may be used for the
reception-of AM, CW, MEW, SSB or FSK signals.
A direct-reading digital readout is used to
indicate the frequency to which the receiver is
« tuned. The frequency is normally displayed w[ith

A

an: accuracy of 100 hertz -per second.

front-panel :switch permits. expanding the
readout by a factor of 10, so that the frequency
may be read to an accuracy of 10 hertz per
second. A finé-tuning control'is provided so that
the receiver.can be easily tuned to.this accuracy.
‘Four IF bandwidths are-provided: 150 hertz per
second, 1 kHz, 3 kHz, and 6 kHz. Selection of

-
.
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»

"the desired bandwidth is by means of a

frontspanel $witch. The intermediate frequency -

is 2’ MHz.
RADIO RECEIVER R<1414/URR

The R°1414/URR radio.receiver (fig. 8-23) is
a solid-state, general purpose HF receiver

. intended primarily for operation in fixed
* stations’or in transpottable ‘vans-when-at a fixed

station. It is capable of detecting AM, CW, SSB, ~

ISB,. FM, and FSK signals within the [.5t032
MHz frequency range. ’

Although the future status of the.
R-1414/URR receiver is in doubt at -present, a
description is included in this text for your
information. Initial distribution”of a limited
numbér of these_receivers has been mdde™ for

-~ .

field evaluation.” It is -anticipated that the -

R-1414/URR will ultimately replace the

'R-390A/URR at all NAVSECGRU sites.

In comparison with the R-390A/URR, the
moderniZation can be readily seen. The
R-1414/URR 1§ solid-state,. mechanically tuned,

~

e
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covers 1.5. to 32 MHz frequency range, uses digital AFC network. Both frequer]cy “stability
+ double conversion, and has a digital electronic and readout accuracy. are within # 50 Hz,
" frequency counter display. Being solid-state, the throughout the frequency range of the receiver.
R-1414/URR is smaller in size than the , T
R-390A/URR, and -operates cooler. It also has RADIO RECEIVER AN/SRR-19A -
independent sideband monitoring capabilities . ;'c';\ .
that are not :available in the R-390A/URR. The. AN/SRR-19A"is a iow frequency
Another featuré of the R-1414/URR is. its - multi-c}}annel shipboard radio receiver for the
frequency'stabil,ity) achieved by’ap inte‘i’n_al 30-300 kHz frequency range (fig. 8-24). This
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“,CV-591 A/URR SSB CONVERTER

,-dual conversnon superheterodyne recewer is

intended for single. sideband, multichannel radio
teletypewrlter broadcasts,ﬁ AM and CW
receptlon B

Receiver operatxon i$ characterized by
extreme stability, permlttmg long periods of
unattended operation. Counter type tuning dials
faclhtate accurate tuning to a désired frequency,
and. frequency errors caused-by drift in-thelocal
osclllators are removed by drift-cancellation
circuits, The receiver can be incrementally tuned
in steps of 10 hertz or continually tuned

;(betWeye,n mcrements) with partial

dr‘ft-candellatnon during continuous tuning:

v

The CV SQIA/URR smgle sideband
coriverter ‘(fig. 8-25) is used to* convert standard
commumcatlon receivers such as the’
R-390/URR for 'SSB use. :Overall selectivity of

' most receiving systems is greatly sharpened,
rejecting. unwanted adjacent signals or

v

front panel,

mterference w1th no aetrimental effect to ‘the
desrred sngnal The tuning of single, sndeband
sxgnals is greatly snmphf’ ed ‘because. final tuning
is done at- the converter, not the receiver. A
mechamcal and electrical bandspread tunes over
the IF bandpass. This effective , vernier easily
tunes: SSB or exalted carrier AM smnals within
cycles of correct tone. Elther sxdeband is
selecrable either with the bandpass tuning
feature or by inverting the oscillator separation.
Contmaous wave and MCW signals are. easily
tunable with bandspread feature. For extreme
stablllty, the first oscillator is “switched to crystal
confrol for both upper and lower srdeband

posmons.
The ‘locdl or remote ‘tuned VFQ feature ot

the ‘converter permits. operation with any -

receiver h:ivmg an IF,nominally centered at 455
. kHz. When the oscillator is switched to crystal
control and the proper cyrstals inserted,
. however, most any rccexver IF may be
accommodated -

All operatronul controls uare lo;attd on the
These controls” are similar in

¢ ., .
v
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unction and ‘effect’'to ‘th

>

.

N

¢
oy

. A
v o

ose found: on any

Figure.8-25,~SSB converter CV:591A/URR, -
RV R PR

converter over a- limite
MANUAL/XTAL switch

receiver. ‘The ,B‘ANDSPREA:D— control tunes the

d-frequéncy -range. A
sets the first oscillator

to-either variable or fixed crys

tal'operation. The,

AUDIO GAIN controls
“unctions as on-a receiver. T

BFO, Automatic Volume Control (AVC), and

perform similar
erminals at the-réar

-nel provide simple. connections for remote
:*.trol'=df the main fedtures of the converter
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without modifications or. the usé of additional
lines or tones. By this means it is possible to
tune- the convetter remotely or-locally-across the
Jeceiver IF passband, select sidebands with_a.
remote indicatioh: of which sideband is in use,
and still retain-all of the remote control features
of the remote ¢ontrol system. The. converter
may be used. with remote control system

. 'AN/FRA-19(V)-or AN/FRA-501, without

modification.to.the h’sy'stem.’
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) L Facrlrtres .Control “Operations (FCO) 'is. an

integral section of each NAVSECGRU
communications center. This section performs
the functions of circuit. and equipment control.
The FCO is. one of the, most important
operatrons wrthrn the NAVSECGRU
communication center, since message, traffic
flow .is dependent upon- the quality_of circuits
and equipment. provided.

~The function of a- facrhtres controller at Targe
stations is usually performed by trained, circuit
and technrcal personnel. This function. at small

»statrons may of. nécessity be performed by

communlcatlon supervrso:y, operator, or

,mamtenanw personmnel. The fundamentdl
.responsrbilltles of the facilities controller

howevcr, remain \unchanged ,

" The Naval Electronic System Command(
prepares and issues system plans for the.
processing and distribution. facilities to be-
engineered for each type of shore station

system. i
To consolidate communications crrcurts mto

a nctwork the pnncrples of system englneermg .

must: ﬁpply, namely; the system has-a cc)mmon
purpose, :compatible: .equipment, and standdrd
procedures and- pract;ces These standard

'_procedures and pragctices., assist facilities
- controllers in-. working with .adjoining statrons

and coordinating with the: *commercial- or DCS

. ¢ircuit supplier. facilities. A -few of the major
. ¢oordination, problems confrontirig a FCO |
-controller are circuit interruption, frequency

‘changes, restoration of circuits, cqulpmcnt
performance. tests and similar, technical
functions. Stardardization: of equipment,
procedures anw - 2ctices also pefmrts che

_—Ams&r of perso .ne’ ‘hroughout the system

w1th a-minimum amount of trarnlnp

CHAPTER 9
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. COMMUNICATION
'SYSTEM DESCRIPT!ON

. Every  ship ‘ot statxon is provrded with

communication system based on its: mission.
Communications systems can. vary from the
simple to the complex. For instance, a
radrotelegraph receiver system consists of an
antenna, receiver, and- headphones or speakers.
A multrchannel broadcast—receiver system may
consist ‘of, antennas, recerver, ‘terminal
equxpment several pleces of crypto equlpment
an assortment of page. prmters reperforators
aud: patching facilities.

The sole purpose of any communn.atron
system, however, is the efficient transmission

and receptron of 1nformatron The 1ntellrgence .

signdl is the means by which this is
accomplished. Figure" 9-1 shows a srmphtred
slgnal flow block dlagram typical of either a

‘shore or afloat secure teletype communication
systein. A description of the conifnon.

equipment that makes upxeach stage (shown in
Figure 9-1) how they are used and their

“interrelationship- within a communications

system are the subject of this chapter. When a
basic, understandmg of the effect each stage has
;on the signal is '1cqurred the need for
monitoring and precise control procedures
becomes evident,

3

The audro signal containing , the teletype; |

signal muyst pass through several stages -prior to
being prmted by the teletype printer. The audio
signal output of a receiver must first pass
throtrbh a receiver switchboard where it is
switched'to the desired conversion equrpmcnt
The conversion equipment will cither

demultmlex a number of independent telegraph *

channels which are smmlt,meouslv conveyed

- . -
- !’ "




2

L4 +

over one .audio signal, or. in the: case of single

‘channel frequency shift keying, (FSK) ‘reception
it will'be converted: directly to ‘a d.c. teletype

* signal. L SR
_ InterConnection between a NAVSECGRU

* FCO and the commercial or DCS circuit:supplier

facilities commences normally in the DC:’

v

distribution. In other words, at this point the
signal first_enters ‘the spaces where the SI
- communicator-will be monitoring the signal.
Obviously, coordination between FCO and
qi;cuit'suppligrs‘ is of paramount importance,
through' other ‘elements -of i ship or station
before reaching the SI FCO spaces. “

"o, Figure 91.-Sigiial. flow for securé teletypes communication system.

b

*

since the first two stages'of the signal- flow pass’

The TTY signal is fed to' the “Black”
“(unclassified /encrypted 'signals) patch panel

which is wired or patched to COMS.EC
equipment for decryption to-a ‘plain text

o

teletype, signal. Following decryption, the plain

text teletype signal is delivered via the “RED”
(classified/decrypted signals) -patch panel where
it is wired or -patchied to-the receiving teletype
equipment for print out. E
On the transmit side, the signal flow is quite
. similar to the réceivé side, only in reverse order.

i
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The -originated teletype signal generated by the'
TTY .keyboard or TD passes-through the “RED”
;,‘i;ch;«panel,_tO*the*»C'O MSEC equipment for

‘encryption. ‘Following encryption; the teletype
signal.is fed'to.the “BLACK” patch panel where-*

it-is patched directly .to the transmitters

frequeéncy shift keyer or the ‘multiplex

equipiment :where ‘it is converted into an-audio.

signal. The audio signal-now-conditioned into.a’

fcrm suitable for trarismission -is routed to.the
transmitter via the transmitter transfer
switchboard. . - s

-]

" " AUDIO DISTRIBUTION
v Al

Transferring. the audio-output of a receiver
to the conversion stage, and conversely from the
conversion ‘tc the transmitter, requires intricate
switching capabilify. These operations are
performed by control paneis which utilize
switches instead of plugs.and patch cords. Such
" control’ panels are commonly. referred to as
switch boards. T

-Radio femote-control "transfer plug panels
have become too cumBgrs_ome to be used in.
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shrpboard radro mstallatrons of modern Navy
ships. Therefore,, confrol p.mels utilizing
"switches ‘instead of pligs and patchboards are
being installed in:'new constructicn and in

conversion. jobs Two, unit<constructed panels
(one for receivers. and-one for transmitters)now
provide all of the facrlrtres that were.available in
three types ‘of plug panels (the receiver trahsfer
panel, the transmitter transfer panel,_and the
radlophone transfer panel), and in addition

“afford greater flexibility in the remote-control

system. These units are Receiver Transfer
Switchboard,. Type BS-82/SRR, and. Transmitter
Transfer Switéhboard‘ Type BS-863/SRT. °

RECEIVER T RANSFE R
SW ITCHBOARD

-

Reeelver Transfer Swrtchboard type

double-pole, smgle-throw (0N~OFF) swrtches
that are -continyously rotatable in either

direction. Oné side of each switch within a
- vertical row is wirer" parallel with the-saime sides

of ‘the other nine switches within that row.
Srmrlarly, the other side - of each-switch is wired

K COMMUNICATIONS‘ TECHNICIAN O 3 & 2 , A

:SB-82/SRR, is shown in figure 9:2. The receiver )
"swnchboard has flve vertical rows of ten

" in" parallel’ honzontally with the~ correspondmg -

sndes of each: of the: other four switches-in a

. 'horizontal row. This method.of’ copnecting the
\‘\‘sw1tches permits a hngh..degree of flexibility.

The audio output from five radio receivers,
connected to ‘the five vertical.rows of switches,
may: be fed.to any or all of the remote stations
by closing the proper switch or switches. The
knob of éach switch is marked with a Heavy

white“line to provide visual ‘indication of the
‘ c%lmumcatron setup, In. general there are more

te stations than radio receivers, hence the

switchboards. normally are mounted in a vertical

' posrtloh (as in figure 9-2). This arrangement
" permits the outputs-from five recéivers-to be fed-

to the five vertical rows and up to ten rernote
stations to. be fed from the ten horizontal rows
of switches. 3

Switcliboards are always installed with the
knobs in the OFF position when the white liné -

is vertical.

the vertical rows of switches, .and remote

statrons are always conniected to the honzéntal

: .

_ To further standardize all,
installations, receivers are always connected to
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Figure 9-2, —Extemal view of.the rcecnver
nmu:hboard type SB-82/SRR
> a
B . ’

rows. Identification of the receivers and remote
stations is engraved on the laminated bakelite
label. strips fastened along the top-and left edges
of the panel'front.

TRANSMI'ITER T RANSFER

SWITCHBOARD .

Transmiitter transfer switchboard, type
SB-863/SRT, has replaced type SB-83/SRT The
SB-863/SRT (figure 9-3) has ten 20-position
rotary selector-switches in two vertical columns.
Each rotary switch corresponds to a remote
control station, and each switch position (1
through 18) corresponds to a controlled
transmitter. Thus, switching control 1s provided
for up to 10 remote control stations or 19

-

.,
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B . ! , - o CONVERSION
Ifeyers and converters are-an integral part of

‘evesy radioteletype system. In some instances, |,
the keyer is built .into-the radio transmitter, but
4 ' ; . " the Eonverter is normally a.separate piece of
ST a . ~ equipment. L

| "B . The Navy ugses several methods of
transmitting teletype signals. FSK (Radjo
Frequency shift keying) and" audio frequency.
shift keying in multiplexing are covered-in. the
succeeding pamgraphs.

. .FREQUENCY-SHIFT.SYSTEM : N

) . The -frequéncy-shift system is illustrated in
B - - figure 94 “Fhe transmitting end of this system
(figure 94'A)isa- teleprinter, .a frequency=hift
keyer urit, which is built into the transmitter,
and.a-transmitter. + .
When thie teleprinter. is operatedy the direct,
current teleprinter mark and space signals are
¢ chanigéd by the keyer unit into. frequency-shift
- intervals. An “on”. or a “cument” interval is
¥ * called.a MARK or MARRING impulse. An Yoff .
g~ Oor nocurrent” intérval is called a SPACE or
SPACING impulse. The: frequency shift intervals
are transmitted ‘as cdrrier frequency-shift (CFS)
o signals. The carrief shift is very small compared
. e with the frequency of the carrier; it may be-on .
A v the order-of 850 cycles. - o '
. C On the receiving, side of .this systeni (figure:"
: . 70.64 94 B)-are-areceiver; a frequency=shift-converter,
Figure 9-3.—Transmitter transfer switchboard - - and a teleprinter. W-hen the carrier .-
T $B-863/SRT, - frequency-shift_signal enters_the: receiver, it .is
c . : detected \and changed. into a corresponding
¢ . % frequency-shifted:audio signal. The audio output
transmitters. When more than 10 remote  of the receiver. is fed to the converter, -which
stations or 19 transmitters are to be connected, ~ Changes the frequency-shifted audio signal into
. additional transfer switchboards may be the direct-current mark. and “spacc teletype

installed. Position 20 of. each rotary switch is stgnals: : . ?
provided for connections to an additional - COMPARATOR-CONVERTER

transfer switchbéard to control extra ' GROUP AN/URA-17C

transmitters. The switches consist of 12 wafers X

that connect the start-stop indicator, keying, 12 r s ]
volt d.c. microphone carrier control,.and carrier AN/ URA'”C Is used to gomé’rt .the F .SK audio. -
N output of standard radio receivers into d.c. :

indicator circuits for the various transmitters. * pulses for the operation of teletype printers. The
- Any of the remote stations-may. be.connected to. - AN/URA-17C consists of two identical
‘control any of the transmitters in the system. frequency shift converters. CV-483C/URA-17 y

»The Comparator-Conveérter Group

~
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. shown’in figure 97§’, a closeup of one converter  * antennas, space, diversity usually is limited to
illustrating controls in figure 9-6. Each converter# shore station use. In frequency diversity
Has' its own comparator .circuitry. Hence. a operation, the two recéivers are tuned to
sgparate’ comparator unit is. not required as the different carrier frequencies that are Carrying -
case with the older model AN/URA-8B. The identical intelligence. Frequency diversity: "~
AN/URA-17C is'a completely transistorized reception comumonly is used aboard ship for
equipment with printed gircuit- boards miking copyving fleet broadcasts, which are ‘keyed
‘its. physical size less than half jhe size of the: simultaneously on several frequencies. _
AN/URA<8B. Theré is still-a number of e

\ /URA-&Boconvertersin:use; however, present -In diversity reception,.the audio- output of
procurément of frequency shift converters is each receiver is connected to.jts associated

R ,g,é:‘ohfined— to the AN/URA-17C- Although ~ , frequency shift converter, which: converts the

. T frequency shift characters into d’. pulses. The -
d.c. (or mark-space) pulses frém each converter

are fed to the comparator. In-the comparator, an
Qutomatee circuit compares the pulses and:
selects the stronger mark and the stronger space
pulse for each character. The output of ‘the ,

comparator is patched to the feletypewriter.

Aﬁescription of all controjs @c‘)rmally used -
. during operation and the sequence of operation
for.the two modes-(single receiver and.diversity-
receiver operation) are contained"in-Appendix I
= L ofithis manual. 2t T el
FREQUENCY SHIFT- - A ¢ . .

-~

, couv:-.}aureanég s - CL . o

CV-483/URA-NIC" ., : ] ’ :

. . S T ESSENTIALS oo

" o - ‘- 5076 OF MULTIPLEXING—— o T

——Eigunﬁ-s-*'qupamérmmemrgromw&iUHA-u(C). ' . . : B
)7,‘ ¢

°
ax

LY
L

discussion -hereafter will ‘be-solely on the Multiplexing is the ferm applied to the . 2
AN/URA-17C, both converters are deSigned to process of converting information.received from. ° ¢
*, perform the same functions. . =~ - a telephone. elegraph, or teletype circuit in
‘The” comparator-converter can “be operated ° original intelligence form intd'a common time:or
with two radio-receivers:in-either space diversity spectruin-shared signal with ‘in formation
or frequency diversity receiving systems. When received from other wire telephone; telegraph.or
_ conditions do not require diversity opers.iom; teletype circuits. ‘ N ’
each converter can be used sepafate}y withr a S
X single recsiver for reception of FSK signals. In '!J.Limp}urpose of multiplexing is to incréase’
. this 'latter usdge, the two converters can be the nulber of intelligence Channels, hence
- -operated. in two independent commuriication . volume of information, rcapablé of being sent
circuits, - 'L ‘ simultaneously over a given wireline or radio
For either space diversity or frequency - medium. This, naturally, reduces equipment and-
diversity reception, two standard Navy receivers ,  line requirements, and permits a greater number
are employed in conjunction with the of users to operate in a given radio spectrum.
- ¢onverter-comparator group. In space! diversity Either of two methods-of multiplexing, may
" operation, the two receivers afe 'tuned to the . be used. These are “TIME-DIVISION” and
same carrier  frequency, “but their' receiving . “'FRE’O‘UENCY-DIVISION” multiplexing of
antennas are spaced some distance apart, which frequency division multiplexing is the
Because of the required spacing between most widely used method by the Navy. e

w
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_* TIME DIVISION MULTIPLEXING °
~ AND DEMULTIPLEXING -

* Time division multiplexing is a method of
combmmg two or more information sources.into
a singie transmission. by- using time sharing or
sampling techniques. All channéls_ are
transrmtted -on thé¢ same operatmg frequency,
‘but -altétnately_ so ‘that’ each -one is transmitted
only part of the “txme.“Demultlplexmg a: time,
division multxplexed signal “is--the _process: of
sensing. and separating-the .channels from™ thexr\&
position in'th® multipiexed signals. -

Time division multxplexmg is used’ pnmanly
on long haul HF citcuits by “commercial users,-is
ﬂlustrated in figure 9-7, Two to. four -separate

" teletype inputs are sampléd in sequence by a
. distributor arm rotating at: a\predetermined rate.
..Ih one revolution: of the distributor arm -a
character on channel’ A is picked up- and
transrmtted then the character on, channel B,
thert channel C, then channel D. Thus, the.time
requn'ed for each revolution of the distributor
arm is divided between the four separate TTY
channels being multiplexed (combmed)

Demuitiplexing -takes place at the receiving
end of a circuit. Figure 9-8 illustrates: the basic
principles of reception and demultiplexing the.
multiplex signal. As the name implies, it reverses
the multlplexmg process. ’I'he multiplexed 51gna1

4

‘158

) .y . . . ° . ;‘
_ Figurs 9-6,~AN/URA-17 fréquency ;hift converter, front penel controls.

¢
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Figure 97, Basic time division multiplex (mmiﬂit).

.

is fed into a demultlplexm d;stnbutor that is
rotating at the same speed as the multiplex’
distributor, and in synchropization with it. At
the instant that a channel A character is
received, the demuitiplex dxstnbutor is
establxshmg electrical contact .with the channel,
A receive. eqmpment and routes-the character to
its intended receiver. It then makes.contact with' *
channelsB, C, and D in sequence and routes a
character to each-before starting another
revolution.  *?
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FREQUENCY DIVISION-MULTIPLEXING
AND DEMULTIPLEXING

Frequency divi§ion multiplexing is a method
of muiltiplexing in which the total frequency
spectrum available is divided into channtls, each
of -which occupies a particular frequency range
all-of the time.

Demultrplcxmg a frequency division
multiplexed signal- channél is the process of
separation (filtering) of the individual channels
from the common- group of channels into which
they "iave.been: mnlnnlp\ml

31.123

170 Hz, Each -channel subcarrier is assigned a
specific center frequency, and is always adJusted
1o operate at a specific operating level,

Figure 9-9- illustrates the basic principles of
frequeéncy division multiplexing. This principle is
used on practically all Navy primary
comniunication circuits from point-to-point. As
illustrated, the telegraph system has a capacity
of sixteen—channels of ‘telegraph (teletypewriter
or other digital type) informatjon. All channels * .
are brought into-a central point, called a-Prigmary
Technical. Control Facility. All channels destined
for a particular, geographical area are connected
to the telegraph terminal assigned to the
appropriate commumnication circuit for that area.

Each teletypewriter. circuit is.connected to a
“Modulator-Transmitter” which is.connected by
its output circuit to the output circuits of all
other *“Moduiator” Transmitters.” This forms a
“Bus,”’ ‘or common connectmg line to the
“Common Components” of the equipment,
where the combingd audio channel signals are
amphﬁed modulated: by group or sub-group
modulators, and controlled by attenuators..
‘meters, patch.panels,.and -monitoring circuits.

“The Modulator-Transmitter consists of a
source of audio of specr&c frequency for each
channel; and a special circtiit by which the direct
current ‘teletypewriter srgnals ‘modify the

L]

Jfrequency determining characteristics of the

channel.oscillator infsuch a manner as to repeat
in audio form what is received from the keying
loop'in direct current- form.

Frequency drvrsron multxplexmg within a’
telegraph terminal. involves translation from d.c.
. carrier to audio frequency cagrier of the
i;;t,__tm‘,‘__mtelhgence of two or more (normally sixteen)
teletypewriter or other digital data channels
_ connected to_the send side of the termiial. The
dudio frequency carriers of the individual

voiceband" channel called “the multiplexed of
composrtc channel. These audio frequency
carriers are referred to normally as subcarriers,
‘because they Jater modulate- a radio frequency

frequency from adjacefit subtcarriers-to an extent
T permitting the transmission of modulation
. information without the effects of intérchannel
interference or bandwidth restriction— the

’ separation -on military chiannéls¥s a minimum-of

iy -

channels aré then combined into a common _

All channel oscrllators are fed to the
common ““Bus,”” then amplified, further
modulated for spectrum translation where
necessary, and routed through-attenyator pads,
monitoring jack fields, patch panels and line
'matchmg“_transformers for, proper trgnsmission
of the aggregate tone sxgnals to. the radio
transmitter via ‘land. line or radio control link
circuits.

The principles of demultiplexing within a
telegraph terminal utilizing the principles of
frequency division multiplexing are illustrate®

carrier. Each channel subcarrier is separated -in ~-by._Figure 9-10. The. common band of audio

signals are received- from the radio. .receiving_
station. They.first are applied via patch boards.
and monitoring panels to -the system. common
amplifiers, equalizers, grofip demodulators and
control attenuators Then to the output “Bus“

»
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of the common equipment to the inputs of all

individual ‘channel receiviig and detecting

circuitry. thence to the individual end terminai

__-_devices in the-original direct current signal form.
. FREQUENCY DIVISION MULTIPLEX
.. TERMINALS AN/FCC-69/70

o
.

s e ,
The AN/FCC-69/70 is a two-unit
multiplexing system consisting of one
ANJECC-69 and one AN/FCC-70 (figure 9-11)
< e~ Telegraph Termmal. The AN/FCC-69 is a
receive-only unit which demultiplexes d
composite signal sent by a AN/FCC-70
send-only. multiplexing unit,

capacity of 1o-channels with 170 Hz separation
between-channels snd a maximum signaling rate

o

Flgure. 91 u.—-Qas'rc:“fre‘quencyrdivisimdér’imltipléxing(riceimL

N

31.125

of 90 bauds. Loop options include 60 ma
neutral, 20-ma polar or 6-volts polar keying. The
center frequency for channel one is 425 Hzand
channel 16 is 2975 Hz with a 170 Hz

The AN/FCC-69/70 system has a channel

progression for the channels between 1 and 16.

D.C. DISTRIBUTION-

- - Maximum operational flexibility is achieved

by the installation of circuit patchboards and *
distribution frames. The communications station. '
emplo¥s distribution frames for concentrating
individual -circuits into cables: these-frames serve

as the point of equipment interconnection and

as the interface point between the outside world
and the distribution within the building.
Interconuections between the cables are

-

160 . L
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PANEL =

POWER
DISTRIBUTION

~ AN/FCC:69

BTN

T - I:‘igure 9-11.—Frequency. division multiplex terminais AN/FCC-69/70.

=

P

accomphshed by “cross-c0nnect” wires-that are
run- between the individual wire termination of
the cables at the frames. The: -patchboards serve
as the access point for operators to.monitcr the

,srgnal carried by individual cable wire -pairs and

- permit operators to. reroute” crrcurts and to
substitute -equipment serving a circuit. Types of - )
eqmpment-*drstnbu'ron frames—and-patchboards—w— e e

are dxscussed below.

Fl

DISTRIBUTION FRAMES ) .
sttrmutlon frames are used to ternnnate

cabling from equipments, ‘patchboards, and

battery souices. A drstrrbutron frame is also tised

to serve as a central’ ‘point for ‘the exit and

3 . »

G .
‘.'gw . - -
N -
. - ‘
.. M 5
e A "

Frame (MDF)

~SIGNAL
-DISTRIBUTION
‘PANEL.

" ‘TEST PANEL

— FUSE ALARM
PANEL

~— POWER
<DISTRIBUTION
PANEL
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,entrance of all commumcatron circuits

concerned with -the mission of the
communication§ center. Four types of
distribution frames -may be used within a
communications station and are identified by
thur employment

‘Main Dnsmbutlon

The MDF is the division point. between. a
communication component and the outside, The
MDF is conﬁgured of horizontal and vertical

-ferminal. blocks. The horizchtal blocks terminate.

crremtacables entering the building. Vertical

]
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.blocl;s\aQt used to-terminate cables that support
circuit dis rithion within the building. -
Intermediate- D!stnbutmn

mee (IDF) ~

The IDF terminates mtcmal dxstrrbutlon

f““ﬁbmqmpmentsand pat\chboards that process

black (unclassified) mformafron The IDF
-should" be’ physlcaﬂy aeparated“from the CIDF
by a minimum -of two' inches; ‘however, it is
desirablg- to locate these units further apart Cr,
»on opposxte sides of the room.

Classified Intermediate .

-sttnbutlon F rame (CIDF )

. The CIDF terminates cables, equipments,
and- patchboards that process RED (classified)
information. Current securrty regulatxons
prohibit the termination of circuits carrying
classxﬁed mformatlon to- the same distribution
frame .as those: carrying unclassified information.

Combined Distribiition
Frame (CDF) -

A CDF may be used atsmall’ stations, serving
.the purpose of” both the IDF and MDF. When a

CDF is used,, the blocks that terminate cables

[

T

equipment is ‘‘normalled-through™, thus' for

normal operation the use of patch cords is not -

necessary.,

In order to attain complete ﬂElelllty, the
patch. panel and associated patch cords .permit
access to all lines and equipment and. provnde a
means for testing inoperative equipment and/or

into a patch panel to facilitate testing.

* DC PATCH PANEL BAYS

' -

For ¢ontrol purposes alld-.c. circuits appear :
on-ore or more d.c. patch panels, and all audio

lines. In most instances, test-equipment. is wired

circuits appear on.one or more audio panels. The |

patch panel with the incoming receive lines and
the outgoing send lines is designated as the
UNCLASSIFIED or BLACK patch panel (Figure
9-12). The patch,panel with the crypto

‘transmitter mput circuits and-the crypto receiver

output circuits:is desighated as the CLASSIFIED
or RED patch panel (Figure 9-13). The patch

panels -are wired so that technically any send

device may be .patched to.any recelve device,

and ‘any -receive .device may ‘be - .patched to any
- send device. No two- sending: deu 2€s-0r recelvmg
devices can be patched together w1thout causing .

a visual alarm; as ‘well as an audible- alarm.

Interrelated- circuits. are normally. grouped as

close together as possible (operatronally and
geographically). Send and receive portions of the

and_ systems that mterface with thé outside
world are to‘be positioned honzontally BlocKs
uséd to terminate. cdbles supporting internal.
distribution.are-to be positioned. vertxcally

s ‘ oy

‘PATCHING FACILITIES

The smallest of sthchboards or,patch panels
add flexrbxllty in the capability of the station’s

equipment. The degree of utilization of such

flexibility is primarily dependent on the
ingenuity and resourcefulness of the operator or
facilities controller, “This means that spare
and/or normal equipment and lines can be
interchanged and mtcrconnected without
resorting to physical rewiring. The. patch panel
jacks are actually wired m -geries to the
distribution frame wiring so that under normai
circumstances each - circuit and it§ associated

2
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3

. b . J'
156 :
06 . o
. R N “ s,
. €

same circuit are normally located side by-side,
The odd numbers are send details and the even
numbers are the receive: detalls

Each circuit. {send and receive).on the
standard d.c. patch panel requires two types of
labels, one .on the BLACK .patch panéls and a
corresponiding label on the RED patch panels. A
standardized labeling system. giving as clear a
picture as. possible of the vanous“equxpments
that are wired into each circuit is prescrlbed in
the effective edition cf COI 104 and is used
throughout the NAVSECGRU. The basic
difference ‘between the RED and BLACK patch
panel labels is that the RED label will identify
terminal equipment and the BLACK label will
ldentxfy trunk lines and circuit numbers. The
important thing-is for the tacilities controller to
be able to readily identify what is connected to
the circuits. - . ¢

>
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e T T 73166 L, Figure 813 —Classified patch panel (RED)
Figure 9-12.—~Unclassitied patch panel (BLACK). ’ S Vot ) )
' o ) o . Located .at' the top.of ‘each detail is the -
BLACK PATCH PANEL ’ . activity Jlamp. This lamp is designéd to blink’
N " . ’ when the circuit is being keyed. The lamp is ;
" "—-. The black patch panel provides patching activated (on) during a mark transmigsion and .
: - capability “and’ <control for all unclessified d.c. deactivated (off) during a space transmission. © - , N
: * trunk lines and crypto €quipment. In 'ad_{i;'tion? Monitor jacks permit'lines.tokbg;analyied.or,; C e
~ Tthe”BLACK: padtch panel has ancillary equipment  monitored without interfering’ with the Signal .
( installed- in it for various purposes (e.g., 'meter, '\“beihg\pg_gs;eu on the circuit. 4 e 4.
; alarms, fuses, and-line current controls). The lifie~jack offers direct access to the
Circuits are assigned to “specific details on outside line, send -or. receive. “A- patch: cord
the patch.panel. Each detail consists of five inserted in this jack will electrically. remove the .
appearances, activity lamp, monitor jacks, line line from the rest of the detail, ©- ~.. = |
jacks, equipment jack and contro! switch (see The third jack in the detail located just X
) figure 9-14), below the line jack offers direct access to the. - .
. . ’_1‘63 - '
v ‘ ~
S U2
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J 'Figugo g‘h‘t}-s’tmdare dptails on a black and red patch panel. ‘ .
‘ :I equxpment nor-mﬂly ass:gned to the Gircuit. ~ numerical’ order due’ to their varied use. A
: , . When a-patch cord is inserted in this jack the breakdown of the.miscellaneous defails and their -
T eqmpment norrmlly asmgned lS electncally varied uses can be found .in the current edmon .
y ' ‘removed from the:détail..” - ,ofCOl -104. - e 5
©. . .- The control switch'in each }ack detail-is used - "
~_to control or to,“cut off” the signal flow

. between the equxpment jack-and-the line on the
. line }ack or-allow the signal to flow through the
o ~ defail ‘as normally wired. The switch is. marked
..——— with an arrow in order to recognize its position.

"PATCH CORDS

Each patch panel bay has 'a cord shelf
extending out from the panel. The shelf holds
the retructable patch cords and also provides a
writing space.

____When ‘the_switch. is in.the vertical position the -
’ signal ‘will flow through the detail. If the control

4 switch is rotated to the honzonta! position the
s ) sxgnal flow is: cut off

! 4MISCELLANEOUS DETAILS

Provmons have been made for miscellaneous
detalls across the .bottom of patch panels (figure
9-14) to serve various purposes. The
‘miscellaneous details..consist of a lamp, control
switch and jack. They are not numbered in any

A three wire patchmg system (tip, ring, and
sleeve circuitry) is employed m the cords and
}acks as follows: :

a. Tip Cm.ults The tip-of the patch cords .
‘and jacks carries the intelligence signals. ;
b. Ring Circuits. The ring of the patch ’
cords and jack carries the timing or “step”
information, Step Lcircuitry on low speed links is
utilized only -on the input to the CQ MSEC
.or error control Lqulpment ‘On high speed links,

‘e ¥ Ny
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nng cnrcmtry also carries step to the recejve AUDIO PATCH: PANEI: - e
buffer-or recuve ‘end: eqmpment ' ’

c. Sleeve Crrcunts The' sleeve of the .patch The audio patch panel (hgure 9:15) operates‘
cords and jﬂCkS carries the supervrsory or alarm”_ in a complctelv (unclassxﬁed) BLACK -

circuits; These¢ alarm. circuits indicate visually enviroiment and is.used: prrmarz}y for high speed

and- audibly when a mlspatch has been made data circuits. Cnrcunts appearing at this board are .

(e, send equipment patched to.a receive line, also routed. throug,h the. comm"rcmlc and DES
. or'an mcorrectly seated patch cord) . Tepeater. statxons but. the d-. c. .to_audio
o conversion: does not take place as the sngnals are

Patch cords are usually color coded (white, . already in audio form and ready for
red. /black; and green)-and have five dlfferent . -transmission.

~
v

a, SEND The send cords are white ‘in containing two -decibel {db) meters; the second
cf)lor, equnpped with a single plig, the other end’ section- contams the equipment; line. and Jack
bemg ‘permanently wnred to keyboards in the patch modules, ‘the third section contains all the

F(‘O spaces. 4 test equxpment jacks. “There -is no-‘cord shelf .

b.. RECEIVE. The receive cords are. fed and associated with the audio patch facility. .

./ Whereas the d.c. punel uses a ground rcturn
also single plug with, the other, end belng hard systém,_ the., audio punel uses two wires and

/
wired:to monitors in- thq FCO spaces. - therefore. each. detail contains: two -jacks each for
- FOXTEST. The foxtest cords are black monitor, liie and equipment. -Patch cords are

in color and equnpped with 2 single plug, the *necessanly two:-pronged. The line jack on the

-other end being captive to electronic test keyers " audio board refers-to the outgomg and incoming

“ and designed the sameas a Send Cord ' lines, and thé: equipment jacks are connected to
4 the Mod ulator/Demodulator

d. METER AND SCOPE, The meter and
“ scope cords are alsorblack and located on the
- right-and:left of each patch panel: separated from ~—»MQDULATOR/ DEMODULATOR (MODEM)
coe ‘thé other rows of cords. The meter and scope
..cords are desrgned ‘the same as receive cords,
with.a. single plug A push-to-read button is also
associated with the .meter cord to protect the

signal to a fori Suitable for operation of receive
terminal equipment and to convert the outgoing
signal to 4 form -suitable for transmission. There

merer from xnadVertentshorts ’ are varlous MODEMs used in the FCO spaces,

3

- PR PATCH CORD: The patch cords are’ most of which are discussed. in the, currend;x

greén and located in the ‘two back rows farthest edltron of COL. 104.

“away from-the controller facmg the patch-panel. Most MODEMs function automatncally and
- These .are double ended captive” patch cords . require little or no adjustments by facilities
allowmg ‘the ‘Operation of the facility to patch control personnel after being initially- set

both ends, neither. belng permanently wired to

any facxlrty The -patch cords. are wired- TIP to COMSEC EQUIPMENT . )
.TIP and :RING to RING; giving straxght“through e
m—-—w—————-reproductron*of*anv signal-on: these two circuifs.” ~ ~ Though there are several different models of

By -manjpulation of the patch cords the -Naval Secunty Group, they are all desng,ned to
facilities controller can test out and/or perform the same function. This functgon is.to
1nterchangc normal ‘or spare lines and- equipnient encipher or declpher a teletypc or dn,ml data

. -+ .as necessary. In the event of equipment failure, . ,signal.
©'+" .. or when -changes occur in operatronal. Basically, the crypto transmitter accepts a
requirements, the controller can virtyally patch “plain text” teletype signal contammg classli“ ed
to or around any\posmon on the Jackfreld material, adds a “key” (randomly chosen marks

6"? v \ s s 165¢ﬂ s

. A SRR . The patch delllty is drwdcd mto thrc.et
- sectlons the: uppermost scction is a p‘mel.

MODEM lS necessary to convert an incoming

on-line crypto equipnient in "use throughout the . -
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and spaces) generated within and transmlts the pdtch panel, and the “EQUIPMENT” jacks are
sum as “cipher text,” and encnphered telety e the termination. point for the teletype &
stgnal The crypto receiver accepts the equipment, Thc _jacks all function in.the same
enciphered:teletype signal and generates a- key to. manner as the BLACK patch panel

match the onelgenerated-by the transmitter. ’T he .

receiver subtracts the key from-the cipher, text ‘ As thh the BLA("K patc.h panel, the RED .

. input signal, which restores the plain text pa!ch panel hds .ancilliary devices installed for
: +  teletype signal, and passes it_on to the RED’ momtormg and ineter readmg :
;f__w,“wm.patcmpanel__fondlssemmatlon to..the-terminal-— —— —— T e

. ' eQulpment « . . Anot,her tuncnon of the RED patch panel is
;o the, “STEP™ signal. This -signal- is a timed pulse ..

RED PATCH PANEL / emltted by the crypto transmitter used to’

o synchronize -the teletype keyboard/transmltter
' The RED patch panel is, w1tho exception, distributor (tape reader) with the c.rypto

=

electncally/meéhamcally ot' the same desngn as cquipment.

>~
5 ¢

‘the BLACK patch panel. "The abscm.e of circuit The step puilse .u.tlvates a clutching circuit,
“activity lamps, in the RED. pat¢h pancl is the causing the keyboard ‘or transmitter-distributor
exception, . to “lock-up” (stop $ending) momentarily. This .
i The “LINE™ jacks are the ter ination point action slows the teletype output to match the
' for the COM: S EC cqulpmen on the RED crypto transmltter s circuit tlmmg .
* L3 ¢ - ) 166. :
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- Chapter 9~FACILITIES CONTROL OPERATIONS

. END TERMINAL DEYICES «

End Termirial Devicesmay, be felefypéwriter
equipment and/or .data terminals ‘which consist
~ of input and,output.equipmeﬁt},mgdul.atio,n and
- -demodulation devices, and manual or automatic

supervisory controls.. There is.an ever increasing .

variety of END: terminal ‘equipment installed
afloat and ashore, -and: for this-reason a separate

chapter (Chapter 10) is devoted to DSSCS low..
Y speed terminal - configurations ‘which: .

and. “high
- include a variety of teletypewriter. équipment.’
A detailed examination of the 2 telegraph
codes used in the NAVSECGRU
‘communications will be- the subject of this
section. .- -
DIGITAL SIGNALS.

AlL inshouse feletypewriter and data bit

. signals -are digital, A digital electrical signal is .

one that changes from one step to another in
discrete steps. The signals that the SI facility -
controller is- concerned with are digital signals
that contain only two different steps or levels;
these signals® are termed digital binary signals,
The use of digital binary signals requires
-equipments to react to only- two-conditions, The
terms that are normally- applied to thesé two
conditions in the communication field are
" MARKS ‘and. SPACES. MARKS indicite ‘the
active condition and .spaces indicate the passive
condition. These binary digits (bits) are:arranged
in:a'sequential order to-represent charactersin a
predetermined code. :
Upon receipt of a deciphered teletype signal
from the crypto ‘equipment, the téletype
equipment must convert it from. an electrical
code to mechanical actions which .cause..the.
information to be printed or punched. In ordér
to understand this conversion process, an

ur\ldcrstandirgg» of the teletype coding system is
necessary.

-~

INTERNATIONAL TELEGRAPH )
ALPHABET NO. 2 (ITA2)
FIVE.UNIT CODE o

If a teletypewriter signal could be drawn on.
paper, it would resemble figure 9-16. In the:
common teletype. configuration, a mark pulse s

167

. transitions for each character.

1o+ - . ‘

-

. » ' 1197
Figure 9-16.<Mark and $pace signals in the
teletype character R,

.2 condition where current flows in the circuit, A

Space pulse is a condition where no current -’

flows in the circuit. Shaded areas show iritervals
during which the circuit is .closed (mark), and
the blank areas-show intervals during which the
circuit is
teletype code -consists "of' a combination of ‘five
mark or space pulses, To transmit each character
it takes' a total of seven pulses, The first puise is
always-a spacé and is called-the start pulse. The
next five pulses are those of the teletype code,
“ and their arrangement is dependent upon-which-
character is-being trarismitted. These five puilses
all ‘are.called the intelligence pulses. The seventh
pulse is always
pulse. Although a teletype mackine may be.
operating at its maximum speed, there are
always seven pulses. generated for each character
transmitted.’ The first:and last (start/stop) pulses
are there to maintdin synchronization ‘between
sending and recéiving units, The time duration
of each pulse is determined by

Examine figure 9-16 again. This .is

theoretically a perfect signal.. The time between

~each—unit remaifis the same during its
transmission, and the shift from mark to space
(arfd vice' versa) is.called a TRANSITION. A
transition occurs at the beginning and end of
each, unit ‘when it shifts from mark to space or -
spacé to mark, and there will be only 2,4,0r6. .

‘When figuring timie duration of a signal
charactet ‘no allowance for transition time is:

" made, as the transition is instantaneous and is

considered to have zero, time-duration. The time
duration for each unif is measured in
milliseconds. The uniform lengthening’ and.

open (space). Each character of the

4 mirk and is called the stop = |

the speed of
operation of the teletype:machine, 0.

i

.-
1

.




COMMUNICATIONS TECHNICIAN O 3 & 2

shortening of each unit defermines the total of 52 printing characters and five

. MODULATION RATE (signaling speed). functional characters. The one combination
There are many telegraph codes in military consisting of all spacing -elements (blank) is
service; however, the ITA2 five-unit code has, possible -but is not normally used except as part
been the -most com;nonly used code in modern of some special signal, or when generated as a
printing telegraphy, and is universally émploved result of superpositioning of -codes as in some

- for teletypewriter operation. seeurity equipment. The ITA2 five -unit code is.
- . In the ITA2, the characters.or symbols to be shown in figure 9-17.
transmitted are represented by a series of five The ITA2 five unit code offers a hrgh degree

equal code elements, each of which occuples a  of efficiency in transmlssmn,_bm_m!;h the :
specific posxtron The code element occupying penalty that' any error introducéd in a bit
.any of the five posmons ‘may be either a-mark or pattern during transmission changes the pattern

g a-spacé. With such-an arrangement, a total of 32 .into an incorrect but equally valid-one. There:is’
- __combinations is, possible. This includes the 26 no way of correcting or .detecting the error,
N characters- of the alphabet, space bar, except by reference to the message context.
(movement of one space without printing), Fortunately, in the case of messages of a

carriage return, line feed, blank, figures shift and narrative nature, the inherent redundancy in '

letters shift. The 32 possible combinations written language is often sufficient to permit
available from the 5 unit code are insufficient’to errors in transmission to be both detected and
‘handle the alphabet and numbers, since 26 cortected by inspection.aof the decoded text.
-combinations are required for the Tetters-of the On the other-hand, the ITA2 five unit code ° «
ﬂ English alphabet alone. This leaves only six is unacceptable in the modem world- of ‘figures
combinations for numerals, symbols, or (statistics, digital data, etc.) where the context
nonprinting functions. It was therefore of a character offers no clue to its accuracy, and
ngcessary to. adopt a plan to enable a larger when the transmission media (radio) involved is
- number of characters to be included, and this subject to high error rates. In these
_ was done as.follows. circumstances, and also- where additional -
Two of the¥32 combinations, (trgure shift & characters in. alphabet are desired, a code with
,letters shift) permit 30 of the available 32 more signal elements per character, offering
combinations to have two meanings. When a more permutation than the desu'ed alphabet

letter shift is transmitted, it sets the "receiving~ requires ‘must be used. )

: ~teletypewriter in a. condition to recognize any AMERICAN STAND ARD CODE

. signal combination subsequently received to be
*. recorded in the letter case.-All figures, f:s%{gFORM‘,A‘TION INTERCHANGE

punctuation marks, and otheér symbols are
- transmitted by using the figure shift and shrftrng The growing multiplicity of codes used in -
to upper case. This enables transmission of a computer and other data processing systems led

L. -

' FIGURES  |-i7|: [sl3]:18] [a:[c)T- . [oo]t ol ds|7{: f2]els|" RERGD
- ’  LETTERS  |ajs[c|olelF[e|n|i |9|R|CIMIN]o afafs{r|v|viwlx|v[z| ""353352' T
) | |ole]- @jol® olo] URUOBRURU L joje
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Figure 9-17.—ITA.2 five unit teletyp‘éwriter signal code.
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to ;a study of the problem by the American
Standards Association, with the object of
devising a new coded character set.that would-be
acceptable for the interchange of information

> ,among information processing systems,
cominunication systems and associated
_equipment, The ASCII.code has been adapted as
- . ———the-standard code for teleprinter equipment, the _
same; as ffor digital data communication
equipment. 7 ~ i
- The 7-unit. ASCII-code contains {0 bauds (or

_ Chapter 9—FACILITIES CONTROL OPERATIONS -

-
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‘Columns 0 & I -convain those control
functions that were considered' most important
‘1o meet the requirements of data processing_as
well as communications. See Appendix III for a
legend of characters listed in columns.0 & 1.

The seven intelligénce bit character
representation. with b7, the high order bit and
bl, the low order bit -are shown below, .
Example: The bit ‘representation for the -
‘character “K” positioned in-colunin 4 row 11 is. .

< -

i s;a—rne#e—eemmeﬂ}y—used—tefm) per-character;
' -andris uséd wherever practicable. These are the
start bit, seven intelligence bits, a parity bit, and
a stop bit. The start, stop,°and intelligence bits
perform /the same function as. they do in the
ITA2 code. The PARITY -(even) bit is a check
" bit used'to insure an even number of marking
‘bits 4s/in -each character transmitted. The
example® of the letters,“R” and “Y” siiown in.
figure 9-18, utilizing the 7 unit ASCIH code
illustrate¢’ the-‘parity- bit ‘usage.* You will notice
the ‘__léttcr “R” -contains three " marking
- intelligence bits and a'marking pafity bit (Shaded
Arca);,' ‘whereas the “Y” contains four marking
intelligence bits (Shaded Area) and a spacing
" © parity bit. Thus both characters are insured even
i)a,r§ty‘a°s requirea for miilitary digital data
- processing equipment usage. The 7 unit ASCII
"~ code table presented in figure 9-19 provides 128 .
different ‘bit .patterns, all available for
* assignment to-characters. The bits are-numberéd’
from by (high order) tobj. (low order).
~. Columns 2 through. 7 in- figure 9-19 contain
e English alphabet (upper and lower case
etters), the ‘numerals 0-9 and a number of
punctuation signs and mathematical symbols,

>

-

{

/ LEVTER 2"

T 7T LETTER "y

¢

s 000 s Do

i i
SIART - 1 31

Figure 9-18.—Representation of Sharacters ;'IR"1 28
and “°Y*! using even perity 8—4evel ASCII
(MILITARY) code,

-

., 'two most commnion are neutral operation, in

+ . they may use 20 1A, A neutral teletypewriter

. --battery source to :supply current, 3 variable

- medium.
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DIRECT CURRENT
TELETYPEWRITER CIRCUITS

It hoa\s been pointed out that the two

conditions, mark and-space, may be represented
by ‘any convenient méans. Within the DCS, the

which current flow represents the mark and. no
current flow represents the space, and polar
operation, in which current impulses of one
polarity represent ‘mark and impulses of the
opposite polarity of equal magnitude represent
-the space. " )

NEUTRAL OPERATION

Neutral <ircuits are common within the DCS
and make use of the presence or absence of |
current flow -to .convey irformation. These
circuits. may.operate-with-either itt
.or with a,negative muark; they may also use 60
milliamperes. (mA as the line current-value; or

circuit is’composed: of a transmitting -device, a

resistor to control' the amount of current, a
receiving device, and: a line for the transmission.
POLAR OPERATION .

The most common direct:current telegraph
mode in NAVSECGRU is Polar operation. Polar
operation.differs from neutral, as information is

always present in the system, and is either in-a

.

B
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FiguT. 91 9.-American standard cqde for mformnion murchange bASCIHI) for. mllltlry use.

y -

positive or %‘egatxve condition. A polar

teletypewriter circuit is composed ‘of the same
items as a neutral circuit plus an additional
battery -source. The reason for having an extra

source ‘of ‘battery s that the standard polar’
___circuit uses. positive batteryhfor»—mark -and-

negative . battery for space. The normal polar
operation in NAVSECGRU is.a 20 mA positive

mark condition.

"< The most significant_advantage to polar

operation is that for all p'?actxcal purposes it is
almost impossible to distort a signal through Jow
line currents, high reactance or random patching

_of sxgnal circuits or equipment. Anotl er
advantage: of polar signaling is that a comiplete
loss of current (a reading of ZERO on the
milliammeter) indicates line or equipment

-
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trouble whereas the same conditions. with
neutral signaling may only indicate that a-steady
cpace is being transmitted. :

‘O

kil

SIGNAL DISTORTION

As pointed out earlier in the chapter, the
facilities controllé®’s primary responsibility isto
provide the highest quality. circuit performance

possible. To do this, he must learn to interpret <

circuit performance through distortion
measurements-of $tznals.

Any deviation of a signal parameter irom .
that of the ideal signal is considered ass .,
- distortion. In telegraphy, nmmg is a prime
requisite, and excessive wrong timing is a form

U 31280
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~..

of "distortion thdt could cause error in niost -

binary systems, .

" An ideal teletypcwntt
§ggnals at -the receiving end exactly as they are
. impressed.at the sending-end. Unfortunately this
~seldom happens under actual -operating

T Vcondltlons for signal”uiits have a way of

lcngti\emng and shortening: as they ‘travel, T hlSa
Iengthemng and. shortening of marks. and spaces
occurring -during: transmission.reduce the quality
of the signal, and are cclled distortion.

Fundamentally there are six types of
distortion ‘which adversely affgct the fidelity of
telegraph signals: -these are bias, fortuitous, -
charaéteristic, cyclic, carrler and delay
dxstortlon

N

4 .

BIAS DJSTORTION S

A

" Bias dlstortxon is the uhiform lengthening or
shortening ‘of; the ‘mark or-space elements, one at

e

circuit reproduu.s

the expense of the other. This means~ that the |

total time for one mark and one Space never
changes only the” lmgth of the mark or space:

"eleimerit -changes. If the ‘mark is lengthened\ the *

space is s‘tortened by the mme"amount Bias’
dlstortlon ay be caused by maladjusted
teletyrc'alme relays, detuncd Teceivers, ora drift
- win. trequency of either the transmitter or
receiver. Figure 9-20 gives a graphlc illustration
.of bias dxstortlon v

.F ORTUITOUS‘ DISTORTION’

Fortuttous distortion. is the random
dlSpldCCment Sp]lttlng, or breakmg up of the
mark_or space elements It is caused by"
cross-talk interferénce between circuits.
atmospherlc noise, power ling
hg.htnmg storms, dirty keying contacts and such
similar dxsturbances Figure 9-21 gives a graphic
xllustratlon of fortuitous distortion.

CHARACI‘.ERISZIIC DISTORTION
Charactemstrc dlstortlon is a repetltlve
displacement or disruption peculiar to specific.
portions.of the sxgnal It normally is caused by
maladjusted or dlrty contacts of the sending
equlpment It differs from fortuitous dlStOl’tl(.n
in that it i§ repetitive-instead of random. An

171 ..

inductio n, ¢
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31. 130
Figure 9.20. —Normal and bias distorted signal.

5
g,

»

NORMAL SIGNAL

x
.

«

FORTUITOUS DISTORTION

31.131
Flgure 9.21 ~Normal and fortuitous distorted
signal.

. 6

example would be the rcpeated shortening of
the fourth intelligence unit of a chardcter, as
shown in figure 9-22.

ccLc DIS{TORTI,ON L

<

d Cychc distortion is produced by a variety of

Althouz,h the type of distortion is
it originates from' some

causes.
perlodxc in nature.

+ defective or 1mproperly adjusted device in the

+
LS

<
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‘EVERY CHARACTER THAT HAS THE FOURTH
UNIT MARKING WILL BE DISYORTED

cro 31.132
anure ‘8-22,~Normai-and charactermlc distorted :
signal. i

[ v
Pl .

', -circuit, Some of the causes are poor filtering.of
a.c. components fron)y power supplies, cross talk
from -adjacent. channels or radio frequencies
" beating -against each other to produce othér
fréquencies.- Cychc distortién is’ illustrated m
?f' igure 9-23 )

-
o 4

) CARRIER DISTORTION
. Carr:er dls.tortlon i's the urandom
dlsplacement ofsignal-element transition that i is )
a characterlstlc of -carrier équipment. It s .
dxrectly related to the rate of the keying signal
and: frequency of thie tone in the channel.being -
keyed. As the ratio-between the: *keying rate.and
‘the tone being keved becomes smaller, the
" amount- of distortion beconies greater See figure

9-24. :

' DELAY- DISTORTION ‘ '

Delay dlstortlon is -the amval of some
component of a signal at*a later time than its
.other components, When  comparators accept
two signals and produce” one demodulation
output, the resultant signal may contain
distortion due to -the delay of some sxgnal
component compared to others. s

One method of preventmg signal distortion .
on synchronous circuits is achxevpd' by using the

stop |

. | staRt

~

S

o

_ ' 31133 .
Figure 9-23.—N,6rmal and cycli'c distorted signal.
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" action,

oo - TSEC/HW-8. Transmission Delay Compensator
: ~ (Figure 9-25). The HW-8 is a-digital-equipment

that compensutes for-delays in propagation-time
‘over various communications media,
On, a time synchronous communication

‘system, the, receiver sy-nchrdnizes on the

transmitter. If the-length of a transmission line is
chianged, thee receiver may lpse time
synchrénizatjon with the transmitter. To regain
loss of synchronization, the HW-8 can.artificially
compensate for the increase or decrease of the
inherent delay created by changing the length of

the transmission line, -

&
A}

TROUBLESHOOTING TECHNIQUES
. ¢ ) .
T{oublcshodting techniques .are -based ‘upon

a systematic approach to a:given problem. When
trouble develops on a ‘ommunication circuit, it
i$ necessary for the t'zZilities -controller to-apply.
~hi_5%kri6w1edge and egtiipment in the most.logical
manner possible to effect prompt restoral

RESPONSIBILITY FOR

INTEGRITY OF SYSTEM , .
Facility ¢ontrol. operations-is responsible for
fromtbleshogiing alf circuits.- And. as the facilities
controller, your responsibility starts: at the
receive side of the circuits at_ your station and
ends at the -diStant station’s send-side. In other
‘words, troubleshooting is initiated. on- the receive
side of a-circuit arid checked back.to the source.
If trouble develops ‘or- a circuit you must
evaluate all availablé factors, weigh them
against. past experience ‘with similar troubles,
and take cofrective action. Your responsibility
for providing information to tlie distant station
as to the ‘progress being made towards
restoration of the circuit is of the utmost

importaice. Without this guidance from the

recejving stermjinal, the sending -station cannot

take effective action of its own. ,
‘Once the circuit js restored, the -receiving

@

station. is further required to provide the sehding *
station- with the reason for -outage and other .

pertinent information as required.’

&

*y 4 . = Y
\ o

v
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_-equipriient is UStnally”“hai‘“cj?.Wi'feﬁf’( permanently
" wired) to the patch panels, If either equipment'-

)

ISOLATION OF TROUBLES

It would be imposs}ble to describe every

- type -of trouble or interruption that may occuf

in cable, radio or wire circuits, or to- describe
what course of action ~hould be taken -when *
testing a- circuit. Generally speaking, however,

" circuit difficulties fall'into two broad catégories,

(1) equipment trouble and (2) line or signal
Yrouble, depending on the ‘communications®
media used..One of the most important steps in
troubleshopting is to determine in which of
those two ' categories the trouble lies; furtlier
steps ‘will' determine the exact cause. of. the
trouble. Each- trouble that js reported- must be:
first -verified. and then-evaluated. This.is usually
done-;py plugging .a printer position into. the
monitor jack' of the circuit reported. The' two
mo'st common-troubles are printers garbling and:
printers. (feceive positions) running open. Once
the troublé is verified, its cause should be
evaluated, ’

When equipment fails, the faulty equipment
must -be-located and‘repaired or replaced.
Replacen’mgnt'of,equipmenﬂt:may-*be limited by
patching facilities, For éxample, teletypewriter-

-

fails, it must.be physically‘remoged;and‘creplaceﬁ
with similar equipment or a patch -made to
substitute a different teletypewriter/crypto
combination. Tt is necessary, theréfore, that
facility controllers know- their patching
capabilities. ¢

Evaluation of signal integrity is perhaps the
most important step of the process..In fact,-this
one step may,be all that is.required:to-isolate:the’
trouble. Evaluation, of. signal integrity should
take place at the point the-signal either enter® or
leaves the patch. pangl. Equipment or relays
should never be assumed to be defective without
first checking the distortion of the input signal
to see if the amount of distoftion is different
from the output distortion,

The equipment at the distant station must
also', be eliminated as a.possible source of
trouble. This can be done by-either a_mental
deduction. based on an-evaluation of the signal
integrity, ‘or, by requesting a test from the
distant station. = v

e
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Al cireuit tests@should e conducted in
cipher. In fact, the Sfruns;lm'_tting station should
nevet switch to plain language unless directed
by the receive station. It s likely that the
cquiptuent would remain . synchronized during
short periods of outage. saving the time
.otherwise required to reestablish cipher contact.

_Alter verifying that the incoming signal ds
substandard. make a report ‘to the circuit

,  Supplier. This ‘report 'will ‘include the circit

* “identification and  the nature of the trouble,
(M ‘including your efforts-to-restore the circuit. .

) " One’thing to remember. don’t wait uritil the

circdit has completely deteriorated’ before

. notifying-the supplier. 1f promptly -notified,the

circuit supplier can usually save a considerable

e

* amount of lost circiiit: timé. Note: The circuit. *

supplier must be notified-even when you test in
ciplier. ‘If the.circuit is-*IN,” but you have to"
stay. in test and are unuble to pass traffic, the
. supplicr must be notified accordingly.
When-a substgndard:circuit lias been restored:
: “for you by ;hcnﬁé‘irquit,- supplier. conduct a final
"o~ evaluation to be -sure that the cifcuit will meet
N «all in-station yequirements before attempting to
» .- .resume cipher contact., ' ,

13

UTILIZATION-OF * .
TESTEQUIPMENT

5
1

. ' L e n .
o T Co!mnumca_t;ox}’s personnel, whether
-engaged in nfacilities‘»cont\rol:";mgintcnance, or

» traffic handling, must-have a means of. quickly

* % determining: the quality of the: Eommunication
o circuits and cqUjpment used. ‘In determining
' transmissjon quility, traffic personnel rely .on
hafd copy monitoring ‘which i generally

L. miethod of measuring transihission quality and
‘ equipingnt performance witlout depending on
nessage texts. ) : N
Angthe past there has been a tendency toward
more ‘figid control equality of transmission in
the operating system. The trend. toward higher
transmission speeds-and the-introduétion of new

modesiof operation.in the system-have not only. .
emphasized- the heed for better quality control, -
**  but have caused niost of the equipment formerly

2

© 7 . sufficient to recoguize corruptions to formatted: ’
message headings and- texts. Facilities contiol, ,
and maintenance must employ-a more .exactigg’

-

- signals with controlled amounts of distortion.

used for unalysis of signuls to be gbsolete or at
least inadequate. S

The test set described in the foilowing
paragraphs is the most-current equipmeint in use.
There are other test-sets in use for signal analysis
at various communication stations, but the
ei')rinciplés provided, in this manual are basically
the same, . o ,
‘DIGITAL DATA DISTORTION .
‘TEST SET AN/USM 329(V) 1&2 °

The Digital Data Distortion Test Set
AN/USM 329(V)-consists. of a digital data signal
gencrator and a digital data analyzing system
composed of an analyzer and an oscilloscope.
These units are mounted in either of two

configurations, in_a 19 inch cabinet mounted on

a. dolly and nomenclatured AN/USM 329(V) 1
(figure 9-26) or all three units rack mounted for
fixed station use and nomenclature (AN/USM

329(¢V) 2. Each of the three unitsis

self-contained and independently operable,
although the analyzer and oscilloscope are
normally -operated. together. For reference
purposes and an indepth “discussion on the

controls and-indjcators, -APPI;ZNDIX IV includes -
operating-data-for-each-o f~the-functional-units -

déscribed below. Hereinafter, the’ Digital Data
Distortion Test Set AN/USM: 329(V) will be
referred:to-as.the test set. : .
Digital Data Signal- s
Generator SG-885(P)/USM

The-signal generator ugit (figure 9-27) of the
test sef provides simulated: teletype signals aused
oto fest digital-data and teletype equipments. The
‘generator provides a variety ‘of simulated. test

+

Digital Data Sigial . *
Analyzer TS-2936(P)/USM

' . The analyzer unit (figure 9-28) of the test
set is used“to determine the number and- type of

.distortion of digital data and teletype signals.

The analyzer is equipped with line matching
circuits to minimize loading, and provides a

-meter read ot capability of the percentage

distortion of the received signal.

¢
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g e

¥ Figure 9~26.-Digitai data distortion test set
AN/USM 3_29V (1),.

L4

‘ Oscxlloscope 0§-2f2/USx\I
R The oscilloscope unit (figure 9-29) of the
To test st is used primarily to display the received
digital Jdata waveform for analysis by. the

¥

,

e ' - 31125

P ¥ [

operator. The input signal for the oscilloscope is
supplied by the analyzer, along with selectable .
trlggers and an intensity medulation signal.

QPERATIONAL‘ PRACTICES

Procedures for circuit operation within
NAVSECGRU FCO will conform to the
procedures set forth in the current-DCA, DSSCS
Operating Instructions (DOI-101) and
COMSEC operating instructions.
Unclassified Fixed Station Call Signs should be
used by FCO in place of routing indicators.
Ordet wire transmissions and communications to
distant stations should consist of precise times.
prosigns, opc.ratmg signal (Q:& Z)-and generally |

~accepted comihunications phmseologv Clear
text language will be-used. only when’ absolutely
. necessary to convey the partlcular information

10 be expressed. Order wire transmissions_are to

- be suffixed with:the-operator’s personal sign.

‘Greenwich Maan Time. (GMT-ZULU TIME)

. is used thiroughout NAVSECGRU FCO and the
.DCS; however, local time js uséd when
.co'ordihating with commercial companies.

<

MASTER FACILITIES

CONTROL I.OG

A record ot ‘events is maintained in the _
MASTER Faucilities Contiol Log as shown in
figure 9-30, It should be -utilized for the
reportmg of any unusual circuit interruption or
circumstance. This includes instances such ‘a

personnel errors, short term- forecast, scheduled

C OMSEC changeover or any information
concemlrg the circuit operation which reqmref
detajled explanatlon

¢
F) g

CIRCUIF PEVRFORMAN CE LOG-

. °
‘The Circuit Performance Log (figure 9-31)
provides for -the detailed logging of outages on

" the individual circyit. One log or one set of tbgs,

depending upon the number of circdits at.the

station, will be maintained for gach radio log,

The log provides for detailed’ accounting of

circuit outages which might-occur throughout an

entire radio day. While ewch reporting hour is

lelde into'15 minute. segments outages of less
<

H
v
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Figure 9-27.—-SG-835(P)/USM digital data signal generator.” IR
" A T 31.137° .o
Fig{ure( 9-28.—TS-2936(PJ/USM digital- data signal-analyzer, ) . . e 9
. i R A . ) - ’Z « - . ) L e - e
than ls;miﬂutes can be :recorded by using usually doxlblé-clleckgd for accuracy. .by" o 5
symbols.prescribed in-COI 1.04. supervisory personnel, ‘ .
_ Inaddition to recording circuit outages on . . : ' o §
- the Circuit Performance Log. the facilities " . . . e :
conetrolle‘r is responsible for submitting reports CIRCUIT SFATUS Lo T,
of excessive outage to- appropriate agencies. ‘ o . .. ° Lei
Basically, the outage réport identifies the circud 5 , v K .
experiencing the difficulty. the reason for Posted within ‘the facility control spac":s\jsa
outage (when known) and the expected time of status boardj, which reflecis up-to-the mjfute "o
restoration (when known). Both the timeliness circuit information. As a minimum, the status VoL
of submission and the accuracy of the~  board shall list “all full .and part-time circuits C e
information and format are essential to the  activated. scheduled COMSEC -changeover o
effe ctiveness of the reports. Prior to- .. times, any équipmerit or line patches in effect, L
transmission, reports. of circuit outage ‘are - - status of spare, equipment and information _ co
« - - 177 : o *
: 0 : T

Aruitoxt provided by Eic:
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__pertinent to extenswe outagc The accuracy of
information ,on the -status board sholld be
verified at ]east once per watch. However, the

, communications center SOP may require more.

~frequent verification.
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DISTANT STATION/CONTROL ‘ ,
AGENCY- COORDINATION

Effectxve operation of any communication
system requnres timely coordination with focal.
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‘intermediate, and distant stanons tacnhty
controllers. ThlS coordination goes beyond the
mere ability .to talk from one terminal to
another. The cooperation must be mutual-it
must work both ways. It doesn’t take very long
to realize that it can be difficult to communicate
with anyone, distant station or local supplier,
without a little mutual z.ooperanon
Nothing can be gaun.d either, by losing lour
temper apd trying to blame all%f the troubles
on the other end-of the circuit. You have to be
sure that “your own house is clean” before
‘blaming- something or someone else for circuit
difficultiés. It inust be remembered that the man
on the other end. of the circuit i$ trying just,as
hard to get the circuit ‘back in operation.
Contrary to a number of .people’s way of
hmymg, it is not degrading in any manner to

.
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1

admlt or to dmover that circuit troubles are
in-house. Rather than losing face, respect and
goodwill usually result from an honest exchange
of infornration whenever it is found. The
important thing is to -maintain communications
and to provide the highest quality of circuits for
passing traffic. It is even possible that future
outages can be reduced from hours to minutes
when information relating to the cause and cure
of previous outages.is freely exchanged.

A final consideration is that of being
prepared and well informed of the job at hand.
A competent facilities controller possesses the

.expertise to rapidly correct all circuit and

equipment deficiencies. in addition.to extending
the necessary cooperation whenever possible.
Ultimately, it pays large dividends in
maintaining reliable circuit performance.

k]
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Many variations of end-terminal equipment
are utilized throughout the NAVSECGRU

communication installations. The trend at
present tends to be ‘toward faster operating,

digital’ data processing q&;pipment. DSSCS.

subscribers will utilize existing input/output
equipment with special interface devices or the
AUTODIN Digital Subscribers Terminal
-Equipment-(DSTE). .

In this chapter we cover two topics:
teletypewriter, equipment and description of the
various modes and terminal Configurations. used
‘by the DSSCS subscribers.

i

INTRODUCTION TO

. B.Tm-: TELETYPEWRITER

The teletypewi'iter is little more than an

electrically operated typewriter, The prefix
“tele” means “at-a distance.” Coupled with the
‘word “‘typewriter” it forms a word meaning
“typewriting at a distance.” By operating a

keyboard similar to that of a typewriter. signals .

-are produced -that print characters in- page form,
-called hard copy. \

The characters appear at both sending and
receiving stations. Tn this way, one
telety pewriter will actuate as many machines as
may be® connectéd together. An operator
transmitting from New York to Boston will-have
his message repeated in Boston, letter by letter,
virtually as soon as it’is formed in New York.
The same will apply at all réceiving stations that
" tie into the network. :

Most of ‘the teletypewriter se'ts used by the
Navy belong to the Model 28 family of
teletypewriter equipments. The Model 28
equipments feature light weight, small size,

181
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. quietness, and hign speed operation, They

and are suited particularly for shipboard/ use
under severe conditions of roll, vibration and

present relatively few maintenance prob7ms,.

shock.

‘Another feature of the Model 28
teletypewriter is its ability to operate at speeds
of 65 and 106 words per minute. Conversion

» from-one speed to another is accomplished by .

changing ‘the driving- gears that ares located
within the equipment. Most of the Navy’s
teletypewriters are presently operated at 100
words per minuté.

AUTOMATIC SEND-RECEIVE (ASR)
TELETYPEWRITER SET AN/UGC-49 -

‘One of the more commoénly used °
teletypewriters is the model AN/UGC-49

teletypewriter, shown in figure 10-1. It is an
electromechanical apparatus for sending and
receiving both printed and tape perforated
messages and receives-messages electrically from
the signal line and prints them on page size copy
paper. In addition, it can receive messages and

record them on tape in both perforated and-

printed form. With page-printed monitoring, the
teletypewriter electrically transmits ‘messages
- that are originated either by perfordted tape or
keyboard operation. Tt mechanically prepares
perforated and printed tape for separate
transmission with or without simultaneous
electrical transmission and page-printed
nonitoring. - .
The keyboard, typing perforator, typing
unit, and transmitter distributor are operated by
the motor mounted on the keyboard. Selection

. of these components for either individual or

simultaneous operation is by the selector switch

I * R
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_ AUXILIARY REPERFORATOR © AUTOMATIC TYPER .
REPERFORATOR ) - .

-

B poarra r" ' . E—.——_
e . CHARACTER COUNTER
qa:*_‘]“ 2 2‘1 . -
“‘ H=

>
b

TRANSMITTER

DISTRIBUTOR

KEYBOARD
ra
Y
. ¢
I " seLECTOR SWITCH

. . . . . 1.217.13A
. : Figure 10-1.—Model AN/UGC-49 talety pewriter. . .

* ‘e

located at the front of-the cabinet, to the left of . Keyboard-Unit
the keyboard. All these components are . - - . ‘ ‘
connected in series in the sxgnal ling, but the The keyboard. unit (fig. 10-2) provides a
selector switch has provisions for shunting foundation for the a«c. motor, typing unit. and
_various cornponents from the line. The typing ‘typing perforator This component incorporates
reperforator is operated by a separate motor and the necessary electrical and mechanical elements
power distribution system. It is connected to-a for message “transmission and for controlling the
separate external signal line. ) mechanical printing and perforating of the tape.
DESCRIFTION OF It oo suppots the tape cotaner, 3 e
. MA JOR COMPONENTS ] perforator, intermediate gears for operating the
The major components of the AN/UGC-49 signal generator and typing unit. texible
teletypewriter are described _in greater detail in | connections for cperating the typing perforator
the following paragraphs and illustrations. and transmitter distributor, and a-thiec-position

A ) v L
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Figure-10-2.—~Telatypewritér keyboard unit. .
PR \

* - - .
. . -~ <

v

selector switch for choosing the mode f
operation of.the equipment. s
.The keyboard mounts in the cabinet on rails
«of a shock-mounted cradle. The front of  the
keyboard protrudes from the cabinet and is
fitted with a rubber seal for a silencing effect. )
Mechanical power for activiting The-keyboard-is , |
derived from the a.c. motor through
intermediate drive -gears and -the typing unit or
the typing perforator, depending on-the selected
mode of the three-position switch. '
The Model 28 printef-séries is equipped-with:
citheryof two types of keyboards:
communication or weather. The communication
keyboard contains letters and’ punctuation
marks common to the standard tvpewriter. and
the weather keyboard provides necessary
symbols Tor transmission ‘ol weather data.

S -
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~ Similarities and differences in the two keyboards

" are illustrated in figure 10-3. @bserve that the

-+ lowercase .characters -are -the same, "and- that

- letters of the ‘alphabet appear in the same
positions. The difference lies-in.the uppercase of
.the bottom two rows. A trained operator can
‘usé either the communication or weather-
. keyboard without lgss of speed or efficiency.
. Figure T0-4 is an illustration: of the

communication keyboard with-emphasis-placed .

on the function keys. The action performed by
the function keys.is described as follows;

a. SPACE BAR-The space bar, located at
the frontsof the keyboard, is used to.send,spaces
(as between words). , C .

b. CAR'RET (carriage return)—the carriage,

retumn key is used to-return both the type box. |

Al .
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Figure 10-3.~Two types‘of teletypewriterkeypoardsh‘

. <
c.amage and ‘the prmtmg carriage to the left to
start a new line of typing.

- ¢. EINE FEED-When -depressed; -this key
causes. the paper to feed upward one or two
spaces depending upon.-the position of’ the
~sn'wle-double line feed lever located on the
typmg unit, © = A -

'd. FIGS. (figures)—The figures key is

pressed to condition the machine for prmtmg-

figures, punctuation marks or other uppercase

_ \ cliaracters.

\

e. LTRS (letters)—The letters key is used

f‘ 1

Eo condition -the -machine-for printing the letters

Jower casg) characters:

f. BLANK ° (unlabeled key in bottom
row)~Depressing the blank key twice- (effective
in either uppercase Or Jowezcase) logks all
vkeyboards in -the ‘circuit and .renders them
inoperative by setting.up the receive condition.
Restoration:to the, send eondmon is
accomplished, under mdnv:dual x.rrt.umstdnu.s
through operation of the: SEND key by tht,
operator desiring to send. from. his keyboard.

) SE\ID and REC keys, when mstalled will be

o@@ooo@@QQQV

o e e — e

o °
-

located +in spaces available in the cenfter of the
function key row.
g. REPT (repeat)-To repeat a (.harac.tz.r

depress the character key and the REPT key.
-The character will be repeated automatically at

lme speed as ldng as both keys are held down.

The three keys. descrlbed next perform their
functions only on the machine; on whicii the
key is operated (reférred to as “local nachine’ 0,
without affecting any other machine on the line.

h. LOC LF (local line feed)—To- feed the
paper up in the local machine, depress the LOC
LF key, which feeds the paper up automatically
and rapldly as long as it is held down. This key is
for-use inlocally feeding up paper to tear off a
message not fed up, far enough by the
transmitting. station. It also is used when
msertmg a new >upply of paper in the machine,

LOC CR (lacal carriage return)—To
retum the type box:to the left margin on -the

focal mac.hme,\depress the LOC CR key. This

key ‘is for use in omission of carriage return at
the end of a ‘transmission; from another station.
.- j. BACK SPACE—A back space mechanism
is “available thyough the use of a modification

kit. allowing the-operator to bacl~. space while,

p'reparmg a tape on the typing reperforator and
letterout any errofs.

T

'Typmg Umt ‘ .
The typing unit used in the AN/UGC-49.

télety pewriter is pictured in figure 10-5. The
typing unit.incorporates the necessary electrical
and mechanical elements to translate the
signaling code combmatlons mto mechanical

. uctions gthat print the’ ‘messages and perform

functions mcrdental thereto.

Paper (single or multi-copy) feeds from a
fivedqnch (maximum) diameter roll mounted at
the rear of the typing unit. The paper feeds

] around' a platen which rotates but which does

not move horizohtally.

Type pallets are arranged. in-a small type box
(fig. 10-6), which is detached easily for cleaning
or replacement. In operation, the type box
moves across the paper and presents the proper
type pallgts to the printing haminer. which

drives the pallets and mked nbbon agamst the
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o Figure 10-4.-AN/UGC'49 keyboard. ' - o .

@
T

\

Apap;:r ‘to print the characters. Combined

automatic carriage return and line feed features .
operate to retum- the- -carriage if overprinting
occurs at the end of a-line.

As each chardcter is printed, the inked
ribbon' feeds from one- spool to the other
reversing.automatically when -the ribbon reverse

. leveris tripped by the small rivet at each end of |

the ribbon. The ribbon mechanism is shown in

figure 10-7,

3 %

® Printing is produced by the type box. which
contains the characters and symbols showp on
the key tops. Operation of keys and. space bar
moves the type -box across the platen from left
to right, Og each key stroke the type box is
moved. into positjon for the printing hammer-to
strike the proper type pallet, printing the
character on’ the paper. Operation of the CAR
RET key retums the type box to the left
margin. wnd operation of the LINE FEED key:
moves the paper up to the-next line.

’ £l
. * .

B b S S i

' front. corner of the keyboard,

prwary
LI o
%

% ©y 1.217.138

Typing Reperforator

6"I’zt;p,e prep'aratiOn, by ‘dperatipn of* the
keyboard, is accomplished by the typing
reperforator -(figure -1 0-8). Thisrepprforatoris:

controlled by mechanical linkages on the-

keyboard. The reperforator is a‘transmissible,

five-level, chadless, perforated tapé- with printed .
characters corresponding to the perforated code. °

d.on the left

s powered
through flexible connections and a;iack‘ghaft by
the at. motor mounted: on the keyboard. Its
tape is supplied from-a container mounted at the
left rear.comer oﬁ'the.kéygoard.

* The typing perforator, mounte

v

With thé keyboard selector switch in the K
(keyboard)- position,. the typing .perforator is
inoperative. (See fig. 10-9.) In' K-T
(key boardtapg) position,, the selector switch
confiects .the selector magnet on the keyboard
“typing reperforator ifito the signal line circuit of

Ty T T s L) e —
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‘ €a ~ . .
L . 7 TypeBox  PRINTING'SRRING . _PAPER
PLATEN A . RELEASE LEVER. '

-

ADJUSTING BRACKET

o/
~ CONNECTS WITH POWER
DISTRIBUTION PANEL

\ ¥
PRINTING..”
CARRIAGE SELECTOR
« 5 MAGNET
e
PR L o
L 471, RANGE FINDER
)} . KNOB -
' ‘3 L B Nt A . HA T
L A7 \q = MAIN SHAF
’ ) ‘ % ) 1 . WA
: . L, o \‘\\," . ' } . ?
" . ) % L - . s 7 t,
Ce R CARRIAGE RETURN "
: *© DASH POT L -
: L v L N ! ‘; ' .
oo . : ¢ : . 50.94
. Figure 10-5,~Typing unit (front view). ,
3 3, - .
. N o ) ¢ ' . o,
~th‘e‘-‘key’boa,rd' signal generator,, at thé cabinet identical sub-assemblies to the typing.

_terminal board, to permit preparation of  reperforator already. described, above. Because
perforated and typed: tape simultangously with the ~reperforator is not controlled by keyboard
signal.line: transmission. In T (tape) position. the but receives messages from an incoming signal
selector switch mgchanically engages linkages line instead, it has ‘a selector unit,the auxiliary
between the keyboard and the keyboard typing typing teperforator is mounted on a special
“reperforator resulting in manual typing . auxiliary base and is powered by an a.c. motor
. repertorator operation independent-of the signal  .and a separate keyer located in the electrical

" line. .service-assembly: o~ - - - . L

Aux.xllary Typing Reperforator y ‘The *location of the reperforator in the
The auxiliary typing reperforator is similar .cabinet is at the top left, above and behind the
_ transmitter.distributor, )
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LATCHING
NOTCH

' ~ 3128
Figuré 10-6. ~Type'box, front and back .

A L
<

A} .

PLATEN % . ¢ s
HANDWHEEL i

R L4 .

which provides a suitable length of ‘letters” at
the end of each message (by operation of the
Tape Feed-Oit Switch on the dome of the
cabifiet), aid a-tape threading-handwheel. ’

Both'reperforators are provided with a chad
chute which discharges the chad from the
perforated tape by way of chad-chute gextensions
into a commoén Lhad container located-under the
dome compartment of the cabinet. It is
important that the-con'tainer is _emptied
frequently to prevent chad from backing up-and

_jamming the perforating mechanism.

\ B . .
.o

Transmitter Distributor

The tranémjtt;e\r““distribﬁtor (fig.” 10'105 is
mounted-on its own base in-front of the cabihet

© RIBBON

"< RIBBON "RIBEON -
5 REVERSE ON
‘LEVER , - ‘%G%Ds\ LATCH ‘LEYER-—/ ROLLER

. ’ , o ¢ te -

- » ™ ‘ “ ]
v S N *
_ . @ e , . .222
» - Figure:10-7.=Ribbon inserted. N .

N 0
\ -

- < .3
Additional features of the reperforator that
are not common to the perforator are the signal
bell and switch; low tape alarm and switch, the
mechanicul variable speed drive mechamsm, a

noninterfering letters tape feed-out mechanism
B )

& ‘e

.

P

~o

on the left 31de It is a mechamcal tape :eader
used to convert messages on standard. five-level
chadless or fully perforated tapes to signaling
code combinations for transmission on a

telegraph channel. oY
N 'Q VQ i ° o
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which: are ipcorporated -tight-tape, shut-off, and

switch-located on the front of the cabinet,

fully conditions theteletypewriten fdr on-line
service in one of the three modes of vperation

-

TAPE'GUIDE

RIBBON AND ROLLER
~ FEED ; :
MECHANISM-\
: Fa
. *M”:C'mng . . . ~ POSITIONING
v \ ¢ o] "2 MECHANISMS
amckseace ¢
. GUARD
TAPE FEED )
SHAFT
FUNCTION
CLUTCH-CAM
ra IS N '
» ‘»
PERFORATING "MAIN SHAFT  JACK-SHAFT
MECHANISM -BACK SPACE
DRIVE:MECHANISM
. ) . . . . < v i S !
. : , : 50.98

Figure 10-8,~Typing reperforator (front view). o

-
0

2

the keyboard. 'If the auxiliary typing
reperforator is not required, the auxiliary power
switch can.be turned to the “OFF” position. #

. i . : .
The unit includes as start-§top: switch in.

free-wheeling tape feed features. A second

switch shuts off the .transmitter distributor * | 0
automatically when_ tapé funs out. Electrical . . o
requirements. are supplied by way of the Keyboard Made of
" terminal blocks in “the cabinet through a Operation” . >
connector on-the transmitter distributor.base: -. o .
T . To transmit a message directly to the line as

it is. typed. rotate the selector switch to the K
positicn. The usual. procedure in transmitting is
to depress the SEND key to unlock the local
keyboard. Transmit five spaces, two carriage
returns and a line feed (in that order) to align
the sending machine, and start typing the
message. The typing unit monitors the
transmission, providing a printed copy of the
message. '

OPERATING THE,AN/UGC-49
» Power to the AN/UGC-49 is app‘lied By a
slightly below and tothe right of the keyboard.

Tuming the switch to-its upper position, “ON.”

determined by the sélector switch at the left of

w
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fi'gure 10-9.~Selector-switch.
p 4

LN s -

In the kcyboard modc of operatlon the
_typing perforafor 'is mechanically isolated from
the kevboard and the character counter
mc‘cfmmom does not function. The transmitter
d\stnbutor c;rcmts also are inoperable.

Keyboard-Tape Mdde o
of Operation

keyboard operation in the keyboard-tape
' (l\-T) mode -is the same as whenin the keyboard
mode, except that typed. perforated tape is
simultaneously prepared through electrical
connection of the keyboard typing reperforator
selector coils to the keyboard signal. generatc
The character counter is not operative in the
(K-T) mode. but the operator can use the
monitored page printed copy as a position
“indicafor under thpsc circumstances. The
transm:tter dlstnbutor can be operated.

Tape Mode of Operation

““When the- selector Switch is in the T posmon
the keyboard and perforator are isolated from
the other unijts. This mode of operation -pernits
_ the opérator to prepare ‘tape for transmission
while transmitting messages via the transmittef’

{

>y 189

(\dxstnbutor, or recewmg messages on the printer.

The printed .character occurs.six. units after the
point at which the fivedevel code for the
character'is punched into the tape by the
perforator. Since tape prepdratxon is by direct
mechanical linkage. .typing may be at speeds. up
to 106 WPM:'but a uniform rhythm is required

", to ‘minimize 0perator induced error. No page
copy is typed in -this position. so the character
counter automatxcally illuminates the end-of-line
jndicator lamp-to-avoid too many characters for
the length of the line. As pointed out previously.
the counter registers each spacing character.
Non-printing functions, such as FIGS, LTRS,
LF and CAR RET, are not registered.

U;mg th’e Transmitter
Distributor -

}
The, transmitter distributor"(éommonly;
called the TD) is-operable only in"the X-T and T
-modes of operatxon and- then! “only ‘when the
'SEND key i§ depressed. In the followmg
discussion of  the TD, .assume that the selector

. switch is in either the K-Tor T posmon and that

the SEND KEY IS DEPRESSED. .
To place a tape it the TD, move the
start-stop lever to the center (OFF) position.
Release the tape lid by pressmg the tape lid
release button. Place the tape in the: tape guxde

" in such a manner that its feed holes engage the - .

feed wheel with “the portion of the tape havmg
two perforations toward othe rear of the TD. ,
Insert printed tapezso that the prmted chad side
is up. If. nontyped chadless tape.is used, position
the tape so that the open side of the hinged
chads is to the top. With fully perforated (chad)
nontyped tape, you must -be careful to feed the
tape. from the beginning. Reversing the tape
results in a garbled transmission, While holding
the tape firmly in pldce on.the feed wheel,'press
down on the tape retaining lid until its latch is
caught. Move the start-stop .Jever to the left
(FREEWHEELING) position and manually
adjust the tape so that the f' rst character to be
transmitted is located over the sensing pins.

 Figure 10-11- shows the path of the tape through
the TD.

Another feature of the TD is the
end-of-tape switch. The switch is.controlled by a «
pinprotruding through the tape guide plate. As

/‘
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“Figure 18-10.—Transmitter distributor (cover plate, top plate and tape guide plate removed). —w
Io'ng~as this_is.depressed by tape feediné through . . nomgeﬁ@l:xture’assigned the units when they are
. the guide, the TD is operable. When -the-end of employed separately usually is.changed.

the-tapePpasses over the pin, the pin-rises and-the: ~ - o °
TD stops transmission automatically. It the tape KEYBOARD SEND-RECEIVE (KSR) ,
is torn on the bottom edge, the tape out pin also TELETYPEWRITER SET" = = - . I

raises and’ stops the transmission. For this reason R . R .
tapés should-be handled caretully. .. The KSR teletypewriter set will recejve
. . messages cléct"r‘,i,cdlly' from the telegraph channel
; and print them on page-sizg copy papér. It will
ADDITIONAL MODEL clectrically transmit on the channel messages
*28 UNITS ) * which ate originated by keyboard operation-and |
) " ] . monitor the message on, page- size copy paper.
The design and function of the individual =~ The KSR rniay be-contained in a cabinet for rack

-

. units in the Model 28 line of teletypewriters  mounting as illustrated in figare 10-12 and is_ )
remain basically the saméﬁ but the AN,  nomenclatured AN'UGCS1. .
. , . . @ ) R
o . : ‘@ N ‘ . ’ v
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TAPE LID ..

TAPE GUIDE> RELEASE

«" i 'J‘ el IW
»

31 91‘39
qure 10-12. —Kcy board sénd-receive (KSR)
tgletypewmer set AN/UGC 51.

o

“« « »

.

PCATE - ‘ " Al sumon ,
C T TN A “ /
' 1.210
Flgure 10-11.—-Path of tape in transmitter
distributor, . . '

_471/UG. A dolly is-supplied in which the KSR

console can be placed for mobility where
needed. Instead of a dolly, a sub-base may he
added to the console which will increase the
hclght of -the cabmut for more convemcnt
“stand-.up operatxon )
RECEIVE-ONLY (RO) -
TELETYPEWRITER SET AN/ UGC-50

- The AN/ UGC-SO (‘"zgure 10-14) is housed in

.a cabinet for rack mountmg It is similar to the

KSR teletypewnter set, except  that parts .
trequired for transmitfing messages are not

) . 1.217.48
' Figure 10-13 ~Pietypewritor TT 471/UG.

>‘»
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Chapter 10-END TERMINAL EQUIPMENT ° . ., - 2
o ‘ . When the KSR is containéd in 2 floor type .-
L STERISTOR " * console (figure 10-13), it is designated TT - .
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F,g)g“me 10-14.~Receive:only: (RO) #
’ ; set AN/UGG-50.
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provided, Typewritteﬁ pa‘gé me'ssages, flurefore

can only be rece ived. In contrast to the number

of functxons that can be performed by a- sending
and receiving teletypewfiter, only two off line
functions can be perfo ed by the AN/UGC-50.
These non- typing fu ctions (Carrmge Retum
and-.Line Feed) are - ovided so that they can be
operated locally when reqmred .

b

- N

AN/FGC QiggEnPEWRlTER
JEQUIPMENS o

* The AN‘éC 59 Teletypewnter Set s an

© eéxample /o ‘the type of equlpment used .in

semiauromatic tape rejuy centers. Thé
»N/FGC-59 consists of three groups: the TT308

Receiving Group, the 1309 Monitor Group..

and"the TT310 Transmitter Group
In figure 10:15 ute receiving banks or
7 console packages, which house several typmg
reperforatofrs toqr use on ipcoming lines in

" “

" - s - 192
: . . : 3 .

1.369
Flguu 10115, -TT308 of AN/FGC 59; typing

- reperforato_r receiving group.

torn-tape relay centers, The operator logs-each
incoming message, tears it oft at the end of the
message, and determines the proper outguing
.circuit from the routing mdh.a(ora ou the tape.
He¢ then hand-carries vach tape to the
appropriate sending bank of automautic
transmitter distributors (figure 10-16) and
inserts At in the approprate circwt tape grid

187
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(visible at tops of sénding banks). The tape
grid—sometimes-called a washboard because of a-
certain similarity -of appearance—is simply_ a
‘place where tapes.can remain during the period
they are awaiting retransmission. They are
stowed from top down in order of precedence. °
Other operators in attendance at the sending
bank ‘remove waiting tapes from -the -grid in
order of precedence and insert them in the TDs.
A numibering TD applies a sequential channel~
number to_each message, thus keeping a record
.-of trafficrelayed-overeach channel. /

If duplicate copies of relayed/*/trafﬁc arg!
required for the files, monitoring equipmﬁﬁt
(figure 10-17)-is used. This is a group of typing
reperforators that produce duplicates of tapes
undergoing transmission on. the sending/bank,
and' wind the monitor-tapes 6n reels suitable for
stowage. The monitoring equip ent also
duplicates the chanhel number for eaffx message,
providing a means of reference if,the message
should be needed-iri ‘the:future.

AUTODIN/DSSCS
INTEGRATION

As explained in. Chdpter 5, AUTODIN is a
operational on-going ;stcm. Before presenting
the DSSCS terminal configurations and the
various modes ut'ged by DSSCS subscribers,
more discussion /on how AUTODIN works will
give you a’clearer pictufe of.the
AUTODIN/DSSCS integration.

As a digital communications t_eiegraphi,c
store-and;forward network, AUTODIN consists
essentially of switching centers interconnected ,
by t%k lines with local lines radiating from
ea;? center to subscriber terminals in the area
56} ed by each center. Messages originating at
aqy of the subscriber terminals are forwarded
through one or more switching centers to their
addressed. subscriber destination. The messags
switching center’s function is to accept messages
from “any O the subscribers, determine ‘théir
classification and precedence, and relay the
messages to the"addressed subscribers. Figure
10-18 shows the’ switching center and its related
" » terminals. \ ) ‘

-

. . 1.36
Figure 10-16.—=TT310 of AN/FG-59; transmitter
. . group.
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CHAPTER 16 I

As-a communicator you are not expected to
do the type of maintenance performed by an
Electronics Technicians You must, however, be
able to record inventory data, complete work
logs and reports, and assist in obtaining part and

stock numbers from applicable technical
pubflcatlons Moreover, you are required to

" perform routine maintenance on telety pewriters
and typewriters.

Basically there are two types of
maintenance. (1) Preventive Maintenance
includes regularly scheduled actions taken to
reduce or eliminate failures and-to prolong the
useful life of equipment. (2) Corrective
Maintenance includes the repair of failures
which have occurred because of aging
components, through accident or other cuuses.

Maintenance is further divided “into levels.
The department of defense, inctuding the Navy
specifies three separate- levels of-maintenance,

a. Organizational l'evel—Organizational
level maintenance is .performed by the using
activity.” In some cases (i.e., small craft) the
organizational jevel naintenance is performed
through outside assistance and yet retams the
organizational level category.

b. Intermediate level.—~Intermediate .level
maintenance is that maintenance which is
performed by tenders and shore repair facilities.
A user may also be desrgnated to perform jts
own intermediate level maintenance. An
example of this would be a tender using its own
repair department to effect ship repairs.

c. Depot level.—Depot level maintenance is
performed by Naval Ship Yards or civilian repair
activities.
Intermediate and Depot ‘level maintenance is
,that aE Depot. level you are referring to facilities

] -

MAINTENANCE AND SAFETY

The specific difference between -

- 4
f

who havé the capability to undertake major -
overhaul work beyond the abllrty ofa tender or
repalr facility, . P !

Alt_hough the line is not always clearly
drawn between-the three levels of maintenance,
and there may be certain exceptions, it is
intended that _organizational level maintenance
be performed by. personnel assigned to the °
organization and other maintenance work be
accomplished by employing the services of
specialists, .

Your hand in mamtenance will be limited to
operational use, manipulation, and operational _
maintenance of electronic equipment associated

‘with the technical specialties of your rate. These

portions of preventive maintenance will be of a
nature as not to require equlpment allgnment
after maintenance has been accomplishy

- _AlL ofher .maintenance_will be handledvh)L
the specialists having the adequate facilities to
undertake the Speclfic job, .

'PREVENTIVE MAINTENANCE

Preventive maintenance is.defined as the care
and servicing_ by personnel.for the purpose of -
maintaining equxpment and facilities in
satrsfac;ory operating.condition by providing for
systematic inspection, detection, and correction
of failures, either before they occur or before
they develop into major defects. This form of

-maintenance consists principally of cleaning,

lubricating, and periodic testing aimed at
discovering conditions which, if not corrected

~may lead to malfuncflons

To realize optimum results from- the regular
functional tests, a careful record of the

- - . ¢
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performance data on each equipment must be

kept. Comiparison of data taken on a particular
equlpment at ditferent timés may reveal slow,
progressive drafts that may be too small to show
up Significantly in any one test. While the
weéek-to-week changes may be slight, they
should be followed carefully so that necessary
replacements or repairs may be effected before
the margin, of performance limits is reached.
Any marked variations should be regarded as
abnormal dnd should be investigated
immediately. .

Such an approach to- preventwe maintenance
leads to maximum operatiosial readiness of the
equipment aboard your ship. Your:contribution

"to the preventive maintenance- program will be

made through-the 3-M- ‘System.

&

THE 3-M SYSTEM
13
The growing complexity of electronic
equipment, increaséd tempo of fleet operations
and the constant decline of available resources

py

made it impossible for previous PM cvstems to .

control zad accomplish required maintenance.
The Maintenance, Material and Management
(3-M) system was jfnplem‘ented:in*the Navy inan
attempt to solve these problems and to provide a
more adequate system of collecting information
required to support equ1pment xmprovement
projects. The 3-M .system ‘was desngned to

. function as an mtegrated system which would

improve the management of maintenance and
provide for the collection and dissemination of
maintenance related information. It is

emphasmed that 3-M js:not a passive system and .

will not operate by ifself. The key to. success is
active and aggressive supervision at all fevels in
order to achieve’ a high degree of corbat
operational readm ss. .

The 3-M sxstem is composed of two
subsystems, the PMS (Planned Maintenince
Subsy$tem) and the MDCS (Mairitenance Jata_
Collection Sub—system), and will contrioute”
siggifi(:antly toward achieving improved
readiness with reduced expenditure of resources.

The Pla\nnedE Maintenarnce Sub-system (PMS)
pertains to the planmng, scheduling and
management of resources (men, “material and

‘ “time) to perform those actions wluch coatribute

to the unmterrupted functlomng of equipment
' a

&
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within its design characteristics. 't defines
uniform maintenance standards and prescribes
simplified procedures and management
techniques for the accomplishment of
maintenance. The Maintenance Requirement
Card (MRC) schedules,-describes and lists tools,
materials and test equipment necessary to
perform the minimum maintenance required.-on
a specific piece of equipment. The Maintenance

Data Collection Sub-system (MDCS) provides a

means for recording the e xpenditures of

resources (men, material and time) associated °

with certain categories of maintenance action.
MDCS success is dependent on the accuracy,
adequacy and timeliness of the information
reported into the system by the operator. In
addition, the system provides data concerning
the initial -discovery of a malfunction, how the
equipment malfunctloned ‘how ‘many man-hours

were expended; which equ1pment was: involved, . -

what repair parts and material were used, what
delays were incurred, the technical specnalty or
work center that perfor.ned the maintenance.
MDCS. reporting on OPNAV Form 4790/2K
incorporates the use of coded data elements, for

data standardlzmon and. facilitating automatic |

data processing. These -codes and. other
amplifying -information are-contained in ti:e 3-M

Documentor’s Handbook OPNAV 43?5.

CLEANING
- ELEGTRONIC EQUIPMENT

A

~

All electronic equipment should be -cleaned,
not just for appearance, but to assure gooa
performance. Before' starting any kind of
cleaning be sure to secure power to equ‘pment
and discharge all capacitors. to ground. The
safest and best method of clearting inside

;transmltters and receivers is to use a vacuum

cleaner with a nonmetallic hose. A small
typewriter brush is handy for getting dust-qut of
congested areds where tHe vacuum cleaner will
not reach. A hand bellows can be used for
blowing out dust particles, but is not as
satisfactory as the vacuum cleaner because of
the likelihood of blowing-dust into inaccessible
spaces where it is harder to remove.

During routine transmitter cleaning periods,
the contacts of rotating inductors should he

- - = L]
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checked, as well as the surface of these parts\
‘Poor operatron of contacts is disclosed

* sometimes by erratic Jumpmg of the plate

current ‘meters as the circuit is tuned through ~
- resonance. Both the contacts and the surface of

.

the inductors must be-clean and-smooth. A tiny °

amount of petroleum grease ynay be appl"‘d if
necessary to prevent scorin'g thy, copper surface.

Steel wool or emery in any form must not
files may be used- only on competént guldance
or not at all.

k]

MAINTAINING AIR FIETERS t
The cleaning of air filters is exceedmgly

xmportanf for the proper operation of electronic

equlpment For some reason (perhaps their

= ‘importance is not fully recognized), filters oftenp

aré neglected or disregarded until excessive”
heating causes a breakdown’of the equipment.
Forced air coolmg is,used im most modiem

transmitters and recewers This type of cooling.

System moves a lage yolume of air over the hot
portions of the equipment. The-air is ﬁltereg to
keep dust and-other-foreign particles out: of the
] eqmpment If: the filters are efficient, “they
remOVe ‘most of ‘this foreign materjal from the
air that passes through them: Dust and dirt tend
to clog the filter and prevent the air from

. movmg through The result-is that the

equrpmerlt becomes overheated and may be
, Tuined? .
® An analysis of the farhlres of parts in
electronic equipment indicates that, the majority
- of failures.can. be traced to‘excessxve heatcause®
by dirty air filters. Obvrously. then' the
maintenance man can reduce his workldad
su‘bstarltxally by cn‘surmg that air filters are
serviced properly o

. .?
Iy
LY

. TELETYPEWRITER

_ PREVENTIVE MAINTENANCE
\\ £d
?‘ R

w Use ol,' ¢hg” cqgjpment» techmcal manual'is
requxred for prosper preventive: mamtenance on
teletygewnters ‘The sc6pe of the.«information
contained in the techiical Iﬂanual is mdrcated in
ensuing topics. s . -

i 1pmenLSandQ perand.

[ 4

Preventive mamtenance is apphed for the
purpose of detecting ‘and correcting troubles
before they develop to the point of interference -
with satxsfactory operation of the tclctypewrrter
equipment, Proper lubrrcathn—~but not
ovcrlubrrcatlon—rs an jinportant preventive
maintenance measure. When: work.on equipment
is necessary, use care to avoid mtroducmg
trouble. . )

A thorough visual mspectzon of equlpment )
during periodic checks may uncover conditions
that could possibly cause trouble later.
Appeafance of ‘oxidized (red)- metal dust .
adjacent. to any bearing surface indicates
insufficient lubrlcatnon Adjustable clearances of
working parts should:be.qbsérved.also.

A visual examination should be. acco.mpamed
by a, manual test. Connections at terminal
boards should be checked for -tightness.’

. Vibrations sometimes. loosen these connections
Just enough-to give intermittent troubles_that are
difficult to locate. Nutsrand. screws ‘that lock
adjus able features.should be observed carefully .
for looseness, and should be tightened if °
necessary. Whrle cleaning the units, care should
be exerciséd to avoid.damage or drstortxon to
delicate springs that- mrght weaken their tensron
Electrical contact points should be kept free:and.
" clear of dirt; oil, corrosron or pitting. Check .
that opemtmg* clearance i3 mamtan’red when a
contact-is cleaned ¢ -
LUBRICATION . o * -

- g

‘More than 60 prctures and cfragrams in the
equipment techmcal manual illustrate
lubrication points .of the teletypewrlter In
addrtzon to poings to be lubricated, technical
. manual plctures show the type and qua1t1ty of
lubrication to use. A new teletypewnter should
be lubricated before it is placed in servicg fof'the

first time. After agfew weeks in service,
relubricate to make teftain that all points are
lubricated-adequately, . ) s
Lubrication S‘chedule T : B )

A teletypewrrter must be Iubhcated more
frequently “as operating speed increases. Thus, a .t
machine geared for operating speed of 100 wpm

requrres lubrrcatron more often than one
|
a X
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opefating at 60 wpm. Here is therecommended * Fuses vooe T 4
lubrication schedule: e e : .- ) C -
.= . . Power circuits of the teletypewriter. are
. .. - protected by-two cartridgetype fuses. The muin -
Operating speed ’ Lubricating interval fuse for the basic eq pment’iscon -the right end
(words pet minutg) (whichevgr-occurs first) - of the Jpower distribution panel under the
.4 ’ - cabinet dome behind the keyboard. A.separate
60 ° [ 3000 hours or | year fuse for power cirtuits of the typing -
75 » 2400 hours or 9 months reperforator is located on the terminal board
100 .° = 1500 hours or-6 months _bracket to the left of the -printing unit on the
. L * typing reperforator base. Fuse location and
B Lo symptoms of failure are summarized in the
1 Regardi_ng the lubrication interval, an accompanying tables. *, -
dmportant *point_to remember are the words I a
“whichever occurs first.” To illustratc:a machine - . :
in continuous use at 100- wpm will ‘accumulate Lamp Replacement® :
1500 operating hours in-only 2 months. For * ‘ o :
" “machines usél- occasionaily -or intermittently, . Four Baybnet-ty_pe lamps for the-

some kind of-log is needed to keep track of fotal teletypewriter -are located beneath the cabinet
- operating-hours, » T dome. Maintenance and copy illumination famps
. . are b-volt lamps in a circuit” supplied by-a

* transformer at the rear of the -cabinet. These

LN
n

'
H

OPERATOR’S EMERGENCY

7 , , lamps_are installed on either side of the riglit _
MAINTENANCE P front .dome door and above the typing
. . ’ \ J : perforator (three lamps) and the margin

Fl

i .- indicator or enid-of-line lamp (one:lamp) at the
-Even though some teletype-operators may . extreme right of the. dome. All lamps: are
“have received’no maintenance training, they can "accessible when the dome is.raised. The
be duthorized to perform emergency . accompanyinglamp replatement data table gives-
maintenance to-the extent of replacing fusesand . the location and. electrical characteristics of

¢

lamps. . - o os ) * lamps.

-

- * Py P ° o e ) »
! . _l . : . ’ R - - - \ o .7 T .
. , . Syniptoms )of’Euse Failure . v
Maintenance | Keytoard " Reperforator _ ' Blown Value . Commentd” . P
lamps  *|  ~motor © omotog - [ -fuse ‘[ (ambs) R
N . DI N - . ‘f s, s 1 j !-_’
"/ Odt . off Operating ~| [F800 6255 & In power

. . distributions .
\ ' , 4 * panel.
On ‘ Operating |- off > o| F2300 - 4 . On typing -
- o, ‘ T reépgrforator base.
v . \ 0» ‘ ~ - -l . . ] . ": .
WARNING: Never replacé a fuse with one of higher rating except in emergency or battle condi-
* tion-when continued operation of equipment is iore important than possible damage. - )
If a fuse burns out immediately after replacement, do not replace a second fuse until the cause is
‘correcteds. C ‘ o
» . . . . .
' 29 - - o
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Fuse Locatién
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_ Chapter 16—‘MAINTENANCE'AND SAFETY

A

P Your typcwntcr may be heavy and rugged
e looking, but. it is really a delicate instrument.
* Treat it like one and give it daily care. A
machine in first .class condition is easier and
* quicker to operate and tums out better-iooking

j’ work. @

" -Observe the following routine prGC&ures:

o

297

of desk, so that it- wxll not fall.
b. In lifting a typcwnter, grip it by its case,
NEVER by its carriage, -
Keep your typewriter covered when not. in

the-end of the day.

c. Keep it clean by wiping the outside with

" use. Always cover it or close it into the desk at

a soft ‘dry cloth and dustmg ‘the inside with a
Jlong-handled brusn )

Y

: : Refen.ncc demgndnon - )
° symbol Location Protécts Amps Volts
. ) - ) » »
) F800 " In power Main a-c 625 - |- 250 ‘
distribution pdnel . supply S
F2300 - On xt)"p’irgg - ‘Repefforato»%.r" 4 250. °
2 ’ reperforatorbase. .|  a-c:supply. ) -
;' 2 - * ) Lamp Replacement-Data °
. ‘Reference . ~ . . st ‘
’ designation- Function Location - Volts Watts Amps Base .
symbol S y . :
. 14250 - Maintenance Left-of 6-8 6 1.14 | Bayonet,
: >~ |*  and copy right front < double -
° ’ 1 illumination czbinet ’ I~ contact
. ' dome door. ’ . .
14251 w..do. Right of .do. | ,.do. .do. do.
“ . right front E : '
: ) IR I cabinet ) A
. . £ . X dome door. -
(‘:W 14352 ‘ ,..do . " _Left front’ .do. . do. . do. do.
. s e , ’ door of * e :
: . g . -cabinet. ’ ot
- ’ 3 A’dome}‘ * ]
: 14350 1 7 do. . Right front | . do. .do . .do. do.
" , o . + end of , . o
o s cabinet
I3 . o - -3
< D . N ,dome.‘ y » 4
» ‘ j ‘ o
. ~ * . » . ’
“TYPEWRITER PREVEN’IfIVE a. Be sure ydur typewfiter is propérly
MAINTENANCE . placed. on the desk, or secured to the well type, -
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d. Clean the type daily with a stiff brush,
and it seldom will be necessary to use chemicals.
e. Take care in erasing to move'the carriage
to one side so_that-erasuré crumbs will not fall

" into the mechanism.

At regular intervals you should gwe the
typewriter a-more thorough cleaning. F"equency

removing a plug from a jack by grasping the

plug, not the cord; »voiding kinks or other
strains in the cord; -avoiding rough handling of
microphones and headphones, and avoiding
‘exposure ‘to moisture. Carbon microphones may
be dried out with heat lamps; periodic heating
may prevent accusnulation of moisture.

“of thése. c]eamngs ‘will depend on-the amount of
‘usé the typewriter receives. and the amount of
dust in your office atmosphcre. In general, it is

recommended that the following procedures be- '

mmed out weekly:

f.. Clean: thé carriage rails and marglnal stop
_bar, usxng a cloth slightly moistened with oil.
“Move the carriage back and forth in the process.

g. Clean the platen or cylinder. Remove; if
possible, and wipe with a cloth moistened with a
very small amount of denatured alcohol or
cleaning fluid. Do not wipe off; allow fluid to
evapordte. -

h. Clean type, using a short-bristled type

brush. Tap-lightly with the pomts of the bnstles .

to loosen the dirt; then brush up- lightly.
i. Brush type bar segments and :dust the

brush, brushxng toward the front, of the
machine’ By ¢levating a few type bars at a time,
you can rcach into the mechanism. DO NOT
‘FORCE THE BARS, Use a soft cloth-alternately
with brush.

j.~ Wipe the sides and back of the machine.
Always clean the-typewriter before cutting a

M1meograph stencil., If the typewriter ribbon’

lever is set for stencils (usually a whité dot on
the machine), both- the type and the ribbon will-
‘be-cleaner than otherwise. «

If operating’ instructions for your typewriter
are- available, they- will help you identify parts
and give you additional information.about care.

If further oiling or repair work is needed, the
machine should be turmed over to.a typewriter
mechanic. .

MAINTAINING HEADPHONES
AND MICROPHONES

The best way to maintain headphones and
microphones is to ensure that they are handled
properly. Proper handling includes hanging up

“headphones by their straps, not by tne cord;

3

. . . " 298

-

" interior of the machine. Use a long-handled

_ Maintenance Book (EIMB). .

NOTE:, Do not blow into a microphone.
This practlce is resortéd to much too uften when
testing a merphone This practice should be
avojded to ensure longer life for the
microphone. .

Repaxr of headphone and mlcrophones
consists :largely of replacing or repairing plugs,
jacks, and cords. Always try to repair defective
equipment- first. If you .are -unable to, repair
defective equipment, tag it.as defective and then
us¢ ready spares. When time permits, see that

? defective phones are repaxred

SAFETY AND ACCIDENT
‘PREVENTION

_When working with radio, or with any
electronic equipment, one rule that must be
stressed strongly is: SAFETY FIRST Dangerous _
voltages energize much of the eqmpment with
which you*work. Power supply voltages range. up
to 40,000 -volts, and radlofrequency voltages are
even higher.

Special precautions are also necessary
because electrical fields, which exist in the
vicinity of antennas and antenna leads,- may
introduce fire and explosion hazards, especially
where flammable vapors are present. Additional
precautions ‘are needed to warn personnel
working aloft to- prevent 1njunes from falls and
stack gases.

Safety precautions outlined in this chapter
are .0t intended to supersede information. given

in instruction books or in other applicable, -

instructions Afor installation .of electronic
equipment. Additional safety information is
contained in NAVSHIPS 0967-000-0100
(Section 3) Electronics Installation énd

Most accidents are preventable. However,
through ignorance or misunderstanding, there is
a common- belief that they are the inevitable
result of unchangcable circumstances or fate.
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Thxs belief is untrue bec.msc it falls to vonsider
the basic law of “cause and effect™ to -which
accidents are subject. In other words, acudents
do not occur without _a cause; most accxdents are,

the direct result of some deviation from

prescribed safe opérating procedures.

A preventable accident may be traced to
cautses. 4§ basic as the heredity and early
environment of the individual. These causes may

be revealed in the form' of personal

characteristics which permit the individual to

perform an -unsafe act or -permit a hazardous

condition to exist: when. an accident results, the
cause and effect” sequence is completed

_ " One purpose -of safety rules is-to remind the

individual of the dangers inherent in his work.

Training in the observance of safety precautxons

can be instrumental in avoiding preventable-

accidents and in maintaining a work
environment which is conducive to accident-free
operation. Operating procedures- and work’
methods adopted with hazard prevention as”a
specific criteria do not expose personnel
unnecessarily to injury or occupatignal health
hazards. Accidents which are-about to happen
. can be prevented if the *“‘cause”-is detected and
appropriate remedial action is taken.

RESPONSIBILITY *

>

ReSponsxbxllty for the safety of personnel is
vested in the comfn‘indmg officer, so he
necessarily delegatés§ his authority to the
executive officer,. §afety officer and- other
_ subordinates to ensure that all prescribed safety

precautions are ‘understood and strictly
enforced. The commandmg officer attempts'to
insure that the personnel under his jurisdiction
are instructed' and drilled in applicable safety
‘precautions; he requxres that adequate warning
signs be posted in dangerous areas; and he
establishes a force to see that such precautions
are being observed. It is the responsibility of
supervisory persormel to see that precautions are
strictly adhered to in their own work areas, since
they are responsible to the commanding otficer.
Furthermore, each individual concemed should
strictly observe all safety precautions applicable
to his work or duty. Thus, it is obvious that

« -

k4

accxdent _prevention js. the busmess .of every
individual—not just a dclegafed few.

As an-individual, you have a responsibility to
yourseif and to your shtpmates to do your part
in preventing accidents. You must always be
alert to.detect aird report unsafe work practices
and unsafe conditions so that they may be
corrected before they cause accidents.

Each individual must:

a. Report any condition,” equipment. or
material which he considersto be unsafe.

‘b. Wam others whom he beheves to be
endangered by known hazards or by
their failure to observe safety precautions.

¢c. Wear protective ciothing or use
protective equipment of the type approved for
the safe performance of his work or duty

d. Report to his supervisor any xmury or
evidence of impaired health .occurring. in the
co\;rseeof his:-work or-duty.

e. Ex-rcise reasonable caution as
appropriate tq the situation in the eveént of an

. emergency. or other unforeseen _hazardous
. condition: -

Post-accident investigations have revealed

_that the-majority of-accidents result from unsafe

practices or acts, most of which are known
beforehand to be unsafe and in violation of
safety practices, rules, regulations, or directives.
Other human factors found.to be the cause of -
accidents include fatigue, monotony,
preoccupation,at a critical moment
(mattentxon), mental and/or physical problems,
improper supervision, lack ‘of motivation and
such. Because of various factors, individuals do
not always act (or react) as they were trained,
instructed, or directed to act. Results of this .
condition, most probably, will -be an .accident
because of “human-error.”

Human ermror: includes all the actions or
inactions of an individual having a bearing on-an
Aaccident or on. an- unsafe practice that can lead
to. an accident. To reduce human error as a
predominant cause of accidents, it is the
responsibjlity of every individual to acquaint
himself with the environmental hazards
surrounding him. He should condition himself to
be alert, both mentally and physically, so that
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he can protect himself and others by not
foolishly or unnecessarily exposing himself .ty
hazards.

Accidents do not happen without a cause;

' “when_each. individual can -be made.aware of the

hazatds involyed with his work, fewer accidents

" will result Accident prévéntion must be a

continuous-effort in- which' each individual gams
experience and knowledge through day-to-day
association with co-workers who are aware of
the hazards of their environment. e
Rémember! As an- individual, you have a
responsibility. to- yourself and to your shipmates,

You must always be alert to.detect and report -

hazardous work -practices and conditions so that
they can be corrected before they cause
accidents. In all cases, when working on or near

“ electrical or electronic. equipment, learn to
respect your eqmpment s potential for

accxdental damage and injury. .

|
‘ELECTRIC SHOCK

Fundamentally, current rather than voltage
is the criterion of shock intensity. The passage
of even a very small current ‘through a vital parf
of the human body will cause death, The voltage

, necessary to produce the fatal current is

~'dependent upon the resistance of the body,

contact conditions, the path through the body,
etc. The probable effects of shock are shown in
the accompanying table.

AC, 60 Hz DC

(mA) "’ (mA) ‘Effects
0-1 04 . Perception
14 . 4-15 Surprise
4-21 . 15-80 Reflex action
21-40 . 80-160 Muscular inhibition
40-100 160-300  Respiratory block
Over 100 Over 300  Usually fatal

It is imperative to recognize that the

_ resistance of the human body cannot be relied

upon. to .pievent a fatal shock from 115 volts or
even lower voltages—fatalities from as low as 30

volts have been recorded. Tests have shown that -

bady resnstance under unfavorable conditions
may be as low as 300 ohms and possibly as low

as 100 ohins from temple to temple if the skin-is
broken. Volt for volt, DC potentials are
normally not as dangerous as AC as evidenced
from the fact that reasonably safe “let-go

currents” for 60 hertz alternating current is 9.0.
‘milliamperes for_men and 6.0 milliamperes for

wom "1 while the "orrespondmg values for direct
current, are 62.0 milliamperes for men and 41.0

.milliamperes for women.

SYMPTOMS OF
ELECTRIC SHOCK .

In the evént of severe electric shock the
victim is usually verv white-or blue. His pulse is
extremely wcak or entirely absent,
unconsciousness is complete, and burns are
usually present, The victim’s body may -become
rigid- or stiff in a few minutes. This condition
can be caused by muscular reaction to shock,
and it shall not, necessarily, be considered as
rigor mortis. Therefore, .artificial respiration
shall-be. administered immediately, regardless of
body stiffness, as-recovery from such a state has
been reported. Consequently, the appearance of

v,

rigor mortis.should not be accepted as a positive

sign of death.

RESCUE OF VICTIMS .

The rescue of electric shock victims is
dependent upon prompt admmlstratlon of first
aid.

WARNING -

DO NOT ATTEMPT TO
ADMINISTER FIRST AID OR COME
IN PHYSICAL CONTACT WITH AN,
ELECTRIC SHOCK VICTIM
BEFORE THE POWER ISSHUTQFF. .
OR, IF THE POWER , CANNOT BE
SHUT OFF IMMEDIATELY
. BEFORE THE VICTIM HAS BEEN .
REMOVED FROM THE LIVE
CONDUCTOR. c, .
When. attempting to administer first aid to
an electric shock victim, proceed as follows:

L 300 °
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4. Shut off the poﬁ}l:r. If;the power cannot
be- shut off, use a well inshlated axe and cut the
power cable, if such cable-is involved.-

b. If thé ‘power canndt be-deactivated, per

Step a, remove the victim " jmmediately, -

observing the following precautions.

Protect yourself with dry insulating
material, e AN

Use a dry board, belt, dry clothing, or
other avajlable non-conductive material
to free the victim (by puiling, push\ing,,
or rolling) from the power-carrying
object. DO NOT TOUCH the vietim.

¢. Immediately after removal of the victim
from the power-carrying object, administer
ar}ificial respiration, as described later in this
chapter.

@

GENERAL SAFETY
PRECAUTIONS AND POLICIES

<

When working on electronic circuits,
operational and maintenance personnel must
‘bear in mind that accidents are always ready to.
strike those who are careless. Therefore, some

essential precautions must be taken before -

starting -any work on eléctronic’ circuits. For
example, a technician must always remember
. that prior to .working on an electronic circuit, he
must deactivate all power sources to ‘that
particular circuit, or use the proper and
authorized safety device and procedures when
he thinks that it is-not.practical to secure power
to the circuit., Such. a basic, but :vital, safety
precaution, as-'wejl as other such vitai safety
precautions pertaining to the proper handling of
electronic equipment circuits, are compiled in
this subsection. These saféty precautions,

together ‘with those contained in equipment.

technmical’manuals and Maintenance

Requirements- Cards, comprise a nucleus for the

promulgation of detailed instructions fop
accident-free " installation, maintenance, and
operation of electronic equipment artd_facilities
ashore and afloat.. .

e \ Chapter T6-MAINTENANCE .AND SAFETY
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RUBBER FLOOR MATTING

INTENTIONAL SHOCKS
ARE FORBIDDEN |

Intentionally taking a shock.at any volfage is
always dangerous and is STRICTLY
FORBIDDEN. Whenever it becomes necessary
to check a cifcuit to see if'it.is alive, a test lamp..

a voltmeter," or sqme other appropriate

indicating device shall be used. The indicating
device employed shall be-suitable for obtaining
the desired theck without jeopardizing

personnel, and if necessary, it should be used in

conjunction with authorized safety devices.
Never implicitly trust insulating material: treat
all wiring as though it were bare'of insulation.
Insulating material has failed before and may fail

_again-be on the alert! -« -

. To eliminate likely causesqof accidents and
to afford maximum protection.‘to personnel”
from the hazards associated with electric shock,
only the approved -rubber ‘floor matting for
electyic and electronic spaces shall be used. In
many. instances, after accidents had occurred,
investigations showed that the operating
locations,and areas around electric and
electronic equipment wére covered with only
general-purpose black rubber floor.matting. This.
type of matting should niot be used because its
electrical characteristics do.not provide adequate
insulating properties ‘to protect personhel-from
the possibility of electric” shock; -also, the
material used in the manufacture of this matting
is not fire-retardant. s o - )

. The careful design and fabrication of the
floor matting material minimizes the possibility
of accidents. 'degver',' to ensure that the safety

‘factors™,which_were incorporated in the

manufdcture of the material are effective, and
that the matting is- completely' safe for use,
operation and, maintenance personnel must

make certain that afl foreign substances,that .

could possibly contaminate or impair the
dielectric properties of the matting material are

promptly- removed from its surface -areas. For,

this-reason, scheduled periodic visual-inspection
and cleaning practice procedures should be,
established. During visual inspectiors; personnel
should make certain that the dieléctric

ot
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.NEVER’ WORK ALQNE

propertres of the mattmg have not been t.

1mparred or destroyed by oil impregnation;
piercing by metal chips, cracking, or other -
_causes. If it is apparent that a section or the
entlr,e length of mattmg is defectrve for any
reason, it should be°rémoved, ‘and replaced
immediately by new maiting matenal

- - [}

-

T

“Never work on electronrc equrpment by
yourself have another person ‘(safety observer)
qualified in first.aid for electrical shogck present
at all times. The safety observer should also
»know which circuits and switches control the
equipment, and-should Be- given instructions to-
pull the switch immediately 1f anythmg
unforesecn happens. )

.
- >
.

AUTHORIZED - . .
PERSONNEL ONLY ve :
‘Because of the danger of fire, damage to
material, and injury to personnel, all repair and”
maintenance work on electronic equipment shall
be done only by duly authonzed and guallﬁed

. persons. .

ENERGIZED ELECTRONIC

EQUIPMENT ' l . ,
Pexsonnel should not’ reach within or enter

energlzed electronic equlpmént, enclosures for

the’ purpose of :servicing or adjusting except

when such servicing or ad;ustmg is prescribed by

- official-applicable-technical manuals (instruction,

.'books)’ and ‘then” only with the immediate
~assistance of another person capable of
rendering adequate aid in the event of an
- emeérgency. Personncl will be wdrned:to exercise
extreme caution .when rteaching into the
enclosures of equipment having- ‘internal exposed
high -voltage points. The meta] shielding shell of
some capacitors, klystrons, cathode-ray tubes,
and other components are at hrgh potentials
-above groundf ‘

) In addltron, be careful mth loose metal
parts, tools, and hqurds No person §hall take
_loose metal” parts tools or liquids near or above
a“starter box or above open electric or electronic
eqmpment No person shall be permitted above

oo ) o - 302

open electric or electronrcs apparatus;wrth loose
metal objects attached to clothing. Stowage or

.insertion of tools or other forelgn articles in or
ear swrtchgear control apphances, panels etcy

is strictly forbidden.
Post-accident 1nvest1gatlons usually ‘have

_ shown that .accidents - resulting from--energized

electronic equipment could have been prevented
by adherence to established saféty precautions
and procedures. Among the established safety
precautions are the following.

a. Carefully study the schematxc and wiring
diagrams of the entire Tircuit, notirig which
circuits must be de-energized in addltron to the
main power supply. -

b. Obtain perrmssrorT from: your. supervisor
and the maintenance supervisordn chagge if it
becomes necessary to work con enérgized
equipment,.

c. If approval is given to ‘work on
equipment. with the powes applied, never work
uloné; always have. an assrstant who can provide
or get-help in an emergency.’

d. When making measurements or tests‘
always keep one hand: behind your back or in
your pocket,

e. Do not reach into: the equipment
enclosure -unless absolutely necessary. When this
must be done, make sure’ that approved

; 1nsulat1ng mater1al and procedures afe used:

stand on a rubber matting, wear rubber gloves,
-and the like.

>

. ‘REPAIR "OF

ENERGIZED CIRCUITS . . *

(‘orrective malntenance, or any o.ther type
of repair work, shall’ hot be performed on
energized circuits except under emergency
conditions which are considered essential by the
commanding officer. In:such an emergency, the
correctize maintenance of energized circuits
shall'be accomplished under the supervision of
an experienced electronic technician or officer,
and“every care shall be taken to observe the
followmg safety precautions.,

a. Provide ample light for lllummatlon

sb. Remove loose cloth1ng and metallic
objects such as bracelets rmgs etc., from the
worker . -
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c. lnsulatc the worker from ground wnh
sheets of phepolic insulating material or a
suitable rubber nfat, dependmzz upon condmons

involved.

d. Cover mctaL tools with msulatmg rubber
tepe. -

¢e. Use only-one ~hand, it practical, ine- -

accomplishing the woik.
*  f.« Rubber gloves will be worn on.both
hands if at all possible. If not poszible, a rubber
glove shall be worn, at least, on the hand not
used for handimg toals.

g. Have men Stationed by -circuit breakers
of switches so ‘that the circvit or switchboard
:can be deenergized iimnediately in case of
emergency.

h. A.man qualified in first &id for electric
shock shall he present during the entire period
of répairs. s

i. If equipment’ must -be energized after
removal from its normal rack or ‘mounting, makée
certain that all parts, normally at. ground-
‘potential, such as chassxs-to-frame ground
termiinals, are securely grounded

O?ERATING‘ CIRCUfT BREAKERS

Except for operatmg handles, all parts of
circuit breakess are pormally conductive, Whlle
opemng or ciosing circuit breakers:

a. Uea only onehand,

b. Keep yownr hands. clear of parts othey
_than operating handies.

¢. Touch only one ‘breaker handle at a
time.

d.-In case where positive. and regative
breakers have. two handles, close one breaker at
a tlme

-Closethe: breaker ﬁrst and then close thc

+

S A
-poweris on.” s

sthches

f. Trip cxrcuxt breakers ‘before openmg
switches, -« : v A

g. Never db\ble a-circuit bréaker.

h. Keep your face  turned away whlle

~“«closing circuit “breakers. Wearmg of safety
goggles-is recommniended whrlc openmg oi-closing
non-enclosed types of cxrcu;t oreakers and

switches. .
Never stand- “over a cxrcult breake. while

303

OPERATING POWER SWITCHES

As a -general, ru]e, use. only one _hand for
switching. Keep the other hand clear. Only one
switch should be touched at one time by one
person Before closing a switch, make sure that:

%

a. The-circuit:is ready and all parts are free.

b. - Men near moving parts.are notified that
the circuit is to be energized. This is particularly
important in cases where rotating antennas are
-energized.’ :

c. Proper fuses are mstalled for- protectlon
of the circuit.

d. Circuit brelakers-are cIosed.

V4

When opemng and closing sthches ease the
lever or knob to a position where safe and quxck
;actlon can be made, apd then make ‘the final
motibn. positive-and rapid. For switches carrying:
high current, the break should be positive and-
rapid.

For switcheé enclosed -in watertlght cases,
such .as snap sw1tches and multlplc rotary.
switches, it is important to .make surc that the
.switch. has “been operated to the - position
actually intended. Reports have beer réceived
indicating that switch handles were not moyed’
far enough wfren transferrmg circuits.from-one
station- ‘to another. ‘Consequently, the switch
contacts,were left in an “in-between” positionand
‘the-cireuit was actually open, leadmg to possxblc
casualty.’ The cause. was traceéd. to excessively
tightened-gland rings on the switch shafts which
prevénted the action of the switch dctcnt
mechanisms from' being ”readxly felt by, the )
operatoss.
¢ Mamtenanoe personnel- should check all’
water-tight rotary switches ‘used as ‘“‘safety”
switches on fotating and. transmitting devices to
ensure that each is operated to_its proper
posmons and. that none. are stlckmg m an
m-between” posmon

TAGG.ING- OF OPEN SWITCHES _
Before performmg correctlvé or routme'
maintenance on ‘any electric or electronic

" equipment, the -main"supply switches or cutout

switches in each circuit; from which - powcr
could possrbly be fed, will be sccured in the
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open or safety posmon and tagge when
repairs of energrzed circuits are required. The tag
shall -read: “THIS CIRCUIT ‘WAS- ORDERED:
OPEN FOR REPAIRS AND SH; LL NOT BE

" CLOSED -EXCEPT BY DIRECT ORDER OF” -

-(Name did rank.6f pérson-making; or directly in
charge of repairs), or “DANGER SHOCK
HAZARD-DO NOT GHANGE POSITION ‘OF
SWITCH EXCEPT BY DIRECTION OF” (name
and rank of person making, or directly in charge,
of repairs, or as specified by the
_- operational/ty pe commander) The latter of the
. two tags descnbed above 1s sHown' in. Frgure
161,
" When more than one repaxr party is engaged
<in the work; a tag for-each party shall be placed
ofi- the supply switch. Each party- shall remove
only its own tag-upon- completron of the: work.
Where switch-locking facilities are. available,
the swztch should be locked in the open
(SAFETY) posmon and the key retained by the
person- doing -the work 50 that dnly he, or a
‘ person- desxgnated by "him, can rempve. the lock
. and.restore the-circuit. - .

.

- USEOF STEELWOOL
) AND EMERY CLOTH

e

Lo~

- The use of steel wool or emery cloth for
‘cleanmg is harmful to the normal opemtron .of
electronic equipment. Also emery clSth or steel
wool must never ‘be used to clean -contaéts.

Considéring the harmful.effects of“using, steel .

wool in :electronic equipment the following
statements show how steel-wool'is a menace:

a. Ventilation currents distribute them

. where they do the most harm anc magnetic -

materials, often bemg present, will collect

ferrous p'articles

b. The use of steel wool on electronic
‘equipment is not permitted, since residual’
particles of stee! may cause a short circuit, .

The above statements are clear and to_ the
‘point. When cleaning electronic parts. or
. equipinent, DO NOT 'USE STEEL WOOL OR
EMERY CLOTH . . ,

»
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PORTABLE ELECI‘RICAL TOOLS
_ AND EQUIPMENT
Improperly wrred electnical tools, portable
electrical and electronic equipment, test
equipnient; etc. are extremely hazardous;
especially when. they, are powered by the ship’s
115-volt, 60-hertz, single-phase power. The™
safety precautrons mvolvmg the use of portable
electrrcal tools and’ equrpment .and the policies -

regardrng ‘certain \nnng procedures are

contained in the paragraphs that follow. These
safety procedures and policies will be practiced
- ‘by all personnel

e WARNING .

NEVER USE ANY METAL-CASED
PORTABLE*EQUIPMENT,
APPLIANCE OR POWER TOOL, OR

b
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ANY C‘ABLE OR EXTENSIO‘N
CORD UNLESS YOU ARE’
ABSOLUTELY SURE THAT IT IS’
. EQUIPPED WIT! A PROPERLY
CONNECTED SAFETY GROUND
CONDUCTOR. ‘

The hazards associated swith the: use of

:portable power tools are electrical shock‘

bruises, cuts. partncles in the eye, falls,

. explosions, and such. Safe practice in the use of

these tool§ will reduce or eliminate such
accidents. Listed below are some of the general

‘safety precautions that will be observed when

your work requires the use of portable power
tools

.

““Ensure that all metal-cased portable
power ‘tools are grounded.
b. Do nnt use splrced cehlés unless an

o

x emergency warrarnts the-risk involved.-

the-off position before ‘inserting or removing the .

c. Inspect the cord and. plug for proper
connection. Do not use-any power tcol that has
a frayed cord or broken or damaged- plug.

d, Make sure that the .on/off. switch is in

“plug from the recéptacle. . - -

e. Always- connect the cord of a. pditable
power tool into' the extension cord before the
extensron cord is inserted -into a livé receptacle.

f. Always unplug the extension cord from-

. the receptacle before the cord. of the portable

power teol is. unplug&ed “from the extepsicn

~

~ GOI'd ”

.+g. See that all cables are posmoned so that

they ‘will not constitute a tripping hazard.
-+h. Wear eye protection when working

where partvcles may strike thie eyes. L

“i' After completing -the task requiring the
use”of a portable power tool, disconnect the
power cord as described in.'Steps d_and f and
stow the tool in its -assigned location.

"

o

~ **  HAZARDOUS EQUIPMENT .

g ' AND’ M ATERIALS

A

" This section- provrdes information pertamxng

I (¢ hazards and _hazardous items of equipment

that may cause injufy and, in sévere cases, death.

e It ls the purpose Bf this sectron to supply

_CLEANING SOLVENTS

operator and ‘maintenance personnel with
information pertaining to these hazards and to
provide sufficient safety practices whiich. when
faithfully enforced, will aid in the elimination of

accxdents ,

<

-

Q..

1
v

The' technician who smokes while using a
volatile cleamng solvent is ipviting disaster.

193
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Unfortunately, many such disasters have -

occurréd. For this reason, the Navy does not
permit- the use of gasolme benzrﬁ%‘ether or like
sol,vents for cleaning purposes, since they
present potential fire or explosion hazards. Only
non-volatile solvents shall,‘be used to .clean
electrical or electronrc apparatus

In addition to the potential. hazard of
accidental fire or explosion, most cleaning
solvents can damage the human respiratory
system, -in- case of* prolor'ged inhalation. The
followrng list of “DO NOT’s™ will serve as an

. effective reminder to technical personne] who

must use cleanmg solvents .r

a. DO NOT work alonein poorly ventrlated
compartment

b. DO NOT use carbon tetrachlonde _This
iSa highly toxic compound.

¢. DO.NOT breathe dlrecrly over the vapor' -
oft <any cleaning solvent for prolonged periods.

d. DO NOT spray cleanmgL solvents on
electrical windings or insulation. - .

e. DO NOT apply. solvents to,warm or hot
equipment since this mcrnases the tox1cxty
‘hazard. - . ‘,

The Tollowrng steps are_ positive safety
piscautions whlch will be followed when
gleamng operatrons are underway

“Use .a blower or a canvas wind chute to
blow air into a compartsient in.which a cieaning
solvent.is bemg used. -

~b. Opcn .all usable port holes and ‘place
wind-scoops in.them. .

c. Place a ﬁre extmgmsher close by, ready
. for, use

If feasrble ase water compounds instead
of other solvernts,
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contact with solvents.
f. Use go les when a solvent is being
« sprayed on perrmsslble surfaces.
. 2 Hold:the nozzle close to the object being

“~ sprayed. \ 0 .

Where ‘water ¢ompounds are not feasible,
.irnhibited methyl chloroform (I, 1, 1,
Trichloroethane) s'hall he used instead of the
dangerous carb?n tetrachloride. Methyl
<hloroform has a threshold of 500
, parts-per-miilion (ppm) in air, whereas' carbon
tetrachloride has a threshold of 25 ppm.
(Threshold is .the point above which the
concentration in ajr becomes dangerous.) Methyl
chlordform is.an ¢ffective cleaner-and as safeas
can be expected When reasonable care, such as
adequate ventilation and observance of fire
precautions,. is eé(erciscd When, using inhibited
methy! chloroform, avoid direct inhalation of
_ the vapor—it is: iiot safe for ‘use, everi w1th a gas
" mask, because its vapor dlsplaces oxygen in the
air, / _ .
AEROSOL DISPENSERS

.e:_‘L

.

Deviation from .pr.e.scribe\d procedures
regarding the!selection, application, storage, or
disposal oi aerosol dispensers containing
- industrial sprdys can result -in serious anU[y to
personnel lbecause of toxic effects, fire,

. fexploswn / and so on. Specific instructions
ooncerpgng the precautions and procedures that
must. be observed- to prevent physical injury
cannot be /given in this manual because of the
multiplicity of available industrial  sprays.
However/, all' personnei conferned with the
handling pf aerosol dispensers containing volatile
substances should clearly understand the hazards
1nvolvez and the importance of exercising
protectx e measures to prevent perscnal 1nJ&lry

Strict compliance with the instructions printed.

on the aerosol dispensers will prevent many of
the accidents which result from misapplication,

mishar}dling, or improper storage -of industrial’

sprays,
TZe basic rules which must be observed to
ensur safety in the use of aerosol dispensers

%

are:

7,
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Wear rublier gloves to prevent direct

: pl‘actlce »
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a. Carefully read and comply with the
mstructlons printed on the container.
+ b. Do not use any dispenser that is Lapable
of producrng dangerous gases of other toxic
effects in an enclosed area unless the area is
adequately ventilated. ‘

c. If a protective coating must be sprayed
in an-inadequately ventilated space, either an-air
respirator or self-contained breathing apparatus
should be provided. However, fresh air supplied . )
from -outside the enclosure by use of exhaust .
fans or portable blowers us preferred. Such
equipment will prevent mhalation of toxic
vapors.

d. Do not spray protective coatings on o
warm or energlzed equipment, because to do so
creates a fire hazard. ‘

e.. Avoid contactof your skin with the llqu1d
contained: in the dispenser, Contact witl sotne
of the liquids being used, may result in burns,
while ‘milder exposures may cause only rashes.

f. -Do not puncture the,dispenser, becauss
it is- pressurized. Injury can result from this

g. Do not discard used dispensers in -, )
wastebaskets that are to be émptied ‘into an
incinerator; an explosion of the dispenser niay: .
result, ) ‘-

h. Keep dispensers away from direct
sunlight, ‘heaters, and other-sources of heat.

i. Do not store /dispensers in an
environment where the temperature-is above.the
temperatuie limits printed on the dispenser case.

Exposure to high -temperature may. cause the
container to burst

FUNGUS—PROOFED AND ' :
ﬁFIBERGLASScINSULATED WIRES

Handling fungus-proofed, fiberglass—insulated

_ wire requires certain precautions to prevent skin

irritation. Insulation stripped from these types
wires should be placed .in containers tc keep it
off floors, ‘benches, and clothing Insulation
“dust” (small partrctes of insulation shed during
stripping or flexing of the wire) should be
collected with.a vacuum cleaner. Compressed air ;
shall never be used.to remove “dust” from :
benches, equipment, or-floors. .
.After stripping or handling fungus-proofed
wire, the hands and afms$ should be washed A

¢ t NN
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/ thoroughly with soap. and-water. If an itching

* “unfil-disposal.

sensation is experienced, a good hand cleaner
should be used to femove the remaining particles
of fiberglass. Scratching of the affected area
shallbe gvoided. If skin irritation persists,

medical advice shall then be sought.

CA’{HQDE-RA‘Y‘TUBE$ o

C%thode-ray tubes (CRTs) are, potentially,
extremely hazardous items. The phospor.coating
on their .intemal faces is toxic and the large
physical size of their glass envelopés-can create
-violent, implosions, if broken. Their glass

s envelopes are highly evacuated and,

consequently, their large surface areas are
subjected to considerable force by atmospheric
pressure. ‘For example, the total force exerted
on'the overall surface of a I0-inch CRT is-nearly
2,000 -pounds, of which 1,000 pounds is exerted
on the face alone, When -a-CRT breaks, the high
external pressure causes the tube 'to implode
(burst inwards)-and, as:a result, the inner metal

- parts, glags fragments, and toxic phospors are

violently-expelled. P

Extreme care -shall also be taken whenever
disposal of CRTs is necessary. All defective
tubes will be stored -in-such a way that injury to

a. Place the tube thatjs to-be discarded: in
an empty carton, with-its face down, '

b. Make sure that goggles are'worn.

¢. Carefully break off the locating pin from

its base. (See Fig. 1'6:2.)

d. With.a small screwdriver or probe, break - .«

off the tip of-the glass vacuum-seal.

ELECTROMAGNETIC RADIATION

‘ Electromagnetic radiation :(also, referred- to |
as RF radiation) can be neither seen nor easily

sensed. Therefore, its presence -must be

measured- by use of special sensitive in‘strurﬁen;fs,
or by theoretical calculations, so, that the safety .
of-personnel involved, in various activities-within _ ,
the electromagnetic egvironmcnt will be assured.
A discussion. of the various methods used to
sense the presence of electromagnetic energy .is
beyond the scope of this:manual. HoWwever, the
importance of remaining alert tothe danger-of -
overexposure to electromagnetic radiation as

- well as to the dangers of other radiation hg;ards .

personnel: will be avoided. When a CRT’is -

removed from a unit; it should not be allowed to
remain exposed to ‘ddinage or shock on work
benches etc., but shouid be: immediately.placéd
in the container provided for that purpose or in
the contajner thit held -the replacement tube,

»
AR
“

. _WARNING .

.» .THE PHOSPOR COATING ON THE
INTERNAL ‘FACE OF THE CRT IS
EXTREMELY TOXIG." WHEN -
DISPOSING - OF A. BROKEN TUBE, ' =
BE CAREFUL NOT-TO COME INTO -
CONTACT WITH THIS COMPOUND.

. IF CONTACT IS MADE, CONSULT -
A MEDICAL OFFICER
IMMEDIATELY, . x )

Before a-CRT is discarded, it should be made
harmless by breaking the vacuum glass seal. To'

_accomnplish this, proceed as follows: '

Con ' " 307
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is €mphasized. ’
BIOLOGICAL EFFECTS OF
MICROWAVE ELECTROMAGNETIC
ENB?GY -
‘The eneigy impinging on an' object”in an
electromagnetic field may be “reflected or
absorbed. .Only the. absorbed enérgy constitutes -
a biological hazard. The amount .of penetration. -,
of energy into the body and its absorption

1

Ed
3

L4

. LOCAT!
PIN

. ¢ 20.320(40)
structure,

Figure 16-2.—~Cathoda-ray tube base
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" electrical wavelengths.

depends upon the physical’ drmensrons of the
body,-the electrical properties of the, tissues, and
the wavelength of the electromagnetic energy.

For any s1gnrfrcant effect to .occur, ghe.~

physrcal size of the.object -must be.equivalent to
at least one- tenth the wavelength of the radiated
-, energy. Neglectrng other physrcal measurements
of the human body, 'a man’s height determrnes
at what wavelength the electromagnetxc -energy

. Will~be most, hazardous to him. As the
‘wavelength decreases,

‘the man’s “height
represents an increasingly greater number of
Inversely, as the
wavelength incréases, the man, therefore,
becomes a‘less significant object in the radiation
field. Consequently, the likelihood of the
occurrence -of brologrcal effects on human body
increases as ‘the wavelength ‘decreases (or
frequency increases). Additionally, as the
wavelength becomes progressively shorter, the
dimensions of parts and. appenddges of the
human body become increasingly more
significant in terms of the-number of equivalent
electgrcal wavelengths Bnefly, the-effects from °
microwave electromagnet;c radratmn on the
human body increase’in- proportron to frequency
of the radiated energy. The higher the frequency,
the greater the absorption by the human ‘body
and, consequently, the greater the. danger from
exposure to, electromagnetic radxatron

When eléctromagnetic: energy is absorbed by

.tlﬁsuebff the ‘body, heat is produced in the

If the organism cannot, dissipate this
heat-energy as fast as it is. produced thefntemal
‘temperature of the body wrll 'rise, resultrng in
damage to .the tissue. ind, 1f the rise. is
sufficiently high, in destruction, of the organism.
The body’s ability to drssrpate heat successfully
depends upon many, reldted . factors, such as
environmental air crrculatron rate, humidity, air
temperature, body metabolic rate, clothing,
power. density of the radiation field, amount of

. -energy- absorbed,.and duration of exposure.

Certain-organs.of the' body are considered to
be more susceptible than others.to the effects of

 RF .radiation. ‘Organs; such.as the lungs, the

eyes, the testicles, the gall bladder, and portions

_of the gastt'omtestrnal tract, are’ not cooled by

-an abundant flow of blood through the vascular

_system. Therefore, these organs are moye lrkcly

to be damaged by heat resulting from excessive

-

exposure to radratlon Tntormatron presently
available and experience indicate that, of the

_organs just mentroned the eyesand testu.les are

the ‘most vulnerable to .microwave radiation.
'Iherefore the possrbllrty of becoming partially

] blrnd or temporanly ~terrle is most lrkely R

.
HAZARDS OF ELECT ROMACN ETIC
RADIATION TO ORDNAN\,E‘ (HERO)

ENS

Tlle uses of electrxcally mrtlated exp'losrve,

devices are rncreasrng greatly,rr e., for initiating

. booster rocket 1gn1ters and warhead detonators,

for stage separatron in multistage rocl(ets for
reliable, hrgh-speed operation of switches and
valves, and for many. 'other purposes. Some
weapons contarn ‘more than 75 electroéxplosive
devices (EED) Contmuous development efforts
are, drrected toward reducing weight and space,
lowering power requrrements assuring posrtrve

response, and -increasing reliability and safety .
However, these are not .always complementary-"

gaals. .

At the’ ‘sa'me trme, the power of
communrcatrons .and radar transmrttrng
equipment is berng constantly increased. and the
frequency spectrum broadened. The radro
frequency spectrum utilized by the Navy now
extends from 10 kilohpertz to about 20,000
megahertz - -

Transmitter. power- oufpufs may approach 10
Xilowatts - at;, communrcatron frequencies, and

peak’ power outputs extend to approximately §°

megawdtts at radar frequencies,
These trends produce rncompatrble
situations. Transmrtters -and their anteanas have

only one purpose—to, radrate electromagnetrc'

energy,iwhereas the rnrhatrng elements of

ordnance items need.only to be supplred with the

proper. amourt -of electrical ‘energy for an

. explosion to. take place. Several shipboard

incidents rnvolvmg ordnance items have been
attrrbuted to initiation of their EEDs by

electromagnetic radiation from the ship’s ,
transmitting equipment. Each incident occurred-

during shipboard operations whrle the ordnance
item was handled normally., Thereforc with
many explosrve ordnance, items, constraints are
required for safety and to ensure refiable
perlormance

>
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¢ To meet-the growing need for new shipboard hazards? Is it for the safety of personnel‘arid not
procedures to reduce the hazard to ordiance solely for passing material and administrative
equipmerit from RF radiation, the Naval Sea inspections? Surely, but inspection requirements
‘Systems Command (NAVSEASYSCOM) has must also- be met. 1t’s policy! However, this
sponsored tests which. coordinated with studies policy exists for a very good reason—to ensure
‘by-other_g\gencies, have ¢nabled the formation of . personnel safety! - T ’
new guidelines and Festrictions for handling A frequent discrepancy noted on material
«electrically jnitiated ordnance equipment. The and administrative inspections is the use of
basic problem’ in determining an ordpance - " improper, or the complete absence of, ¥Danger
* system’s susceptibility to RF radiation lies in the High Voltage” signs in spaces or on equipment
evaluation of the antenna-like couplings that ~ ‘where dangerous electrical shock hazards exist.
»xist betwéen illaminating fieldsrand;th‘e‘variqus — To satisfy material and admindstrative
EEDs employed. in the system. ‘RF energy may inspections, .and at, the same time to ensure
enter a weapon_as a wave radiated tlirough-a personnel safety, the following minimum
. hole or crack in the weapon skin. RF* ener‘gy' requirements apply.
“may. also be conducted into-the weapon by the e AP . 5 s
firing leads or other wires that penetrate the a. One Danger High Vol;tage 513'; shall be
weapon enclosure. The precise probabilities of mounted w1thm gach:er};trax’lce of each e ect_rqmc
EED actuation are relatively Junpredictable, ;gr?hcaze:t?}?' i?xrslt};ll:dt ;%/Zfaggn:lfl:t:l!e%%?if .
being “dependent upon variables of frequency, or electronic equipment which afford a shock

field strength, .geometric orientation, ; :
environment, and metallic-or personnel.contacts hazard"of 70 volts or”gbove. A space containing
! ) . two entrances required two signs, etc. The .,

"with ordnance and aircraft. Actuation of an ting of each si st'be i icuoUs

EED is often undetectable without disassembly lrgg;.lt'.’ lngsg i: _ils%n_r_nu . be mfa ;:lo nsp u?xei

-of weapons. The most susceptible periods are , \-Kt’}r; irent witl be ;ln view OE al geasc?n o !
during assembly, disassembly loading, unloading, this reli'ﬁfr';i’iﬁf are 'liﬁi?lfs'ea:(i;: ‘itérg;? ’

. FT P - . - ; ! ' 1 ] By « BYs / -
or testing ‘in electromagnetic fields. The most supply, and other habituate-type spaces which

Jikely €ffects of premature actuation are vt , M
“dudding, reduction of reliability, or propellant have only !lghtlng, convenience, and ventilation i

I X . ) ; . circuits. 3 - :
ign 1":,':," {)qutthcieﬁv:géwlgrr,sog;;gliri(i)tr;mg?ts‘::&r:alds b. Switchboards, radio antenrias and-tuners,

N and like equipments having exposed terminals-at—~ -
detgnatxon.. e potentials of 70 volts and above; must, in
Ty , : N D addition to being caged or otherwise protected

WARNING SIGNS f‘ND POSTERS from;acciden?ql" ‘contact by personnel, have a

‘Warning signs and ,suitable guards will be “Danger. High Voltage” sign displayed on each

- provided for preventing personnel from ' . side of the cage and on-each-door or entrance-of

accidentally’ coming in’contact with dangerous  the cage. “Dead-Front” type switchboards not

voltages, for warning personnel of possible  enclosed in a cage or not having 2 protective o

presence: of explosive -vapors and’' RF radiation, barrier do not require display of “Danger High ’

for.warning personnel working aloft of Voltage® signs, . ' v -
- poisonous. effects of stack-gases, and for warnin . ,

of other ‘dangers which may cause injuries to The “Danger High Voltage” sign shown in

personnel. Equipment installations ;sheuld not figure 16-3, is 7 inches by 10 inches in size and

be considered complete .until appropriate made of 18 gauge sheet steel—the largest of

wamning signs have been conspicuously posted. available “Dznger-High Voltage* signs. v
'HIGHVOLTAGE. , RADIO FREQUENCY RADIATION - s
WARNING SIGNS P _ " .- _HAZARD WARNING SIGNS ‘
What is-the ultimate goal for‘the posting of There: are six radio frequency radiation
.signs which portray the danger of shock ‘hazard waming signs as shown .in Figure 16-4.
. . t, N . - - . - ] a
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Instructions as to where these signs are to be
posted are .included in the illustration of eac

sxgn:

RESUSCITATION AND
ARTIFICIAL RESPIRATION

. At suttable mtervalsd the competent
~authorxty shall reqhire that all personnel, who
engage in the operatlon and maintenance of
electronic equlpment demonstrate their
practical knowledge in the apphcatlon of
rasuscitation and artificial respiration

procedures ‘He, also, shall arrange -for any .

-additional training, if he deems that ‘it is

neoessary, so that ajl personnel will. attain

proﬁcrency n resuscndtlon techmques ’
© RESUSCITATION FOR | .
- ELECTRIC. SHOCK

/‘

Al‘tlflClal resuscitation, after an electnc

1ncludes art1fxc1al resplratlon to

) - shock

*

" Figire 16-3.—High voltage 'wgn{ing sign

L o, 310
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re-establish breathing, and extemal heart

massage ‘to—re-cstablish- heart beat and blood,
circulation, To aid a victim of electric shock,
after removal from, contact with the electricity,

immediately apply mouth-tormouth- artificial- .

respiration. Also, if there is no pulse,
immediately apply heart -massage. Do not waste

_precinus seconds carrying: the victim from a

cramped, wet, or isolated- location. to a roomier,

-dryer, frequented location. If so desired, you

may breathe into the victim’s mouth through a
cloth or a handkerchief placed over his face. If
assistance is available, interchange the task of
respiration and heart massage.

¢

.Cardiac Arrest (Less_

of Heart Beat) -

If'a subject is a victim of electric shock, and- ]

has no heart beat, he most probably hds suffered
a cardiac arrest. 'I‘hns condition can be verified
by a complete absence of pulse at the wrist. or-at
the neck. Additionally, the pupils of his eyes
will be very dﬂated respu'atlon will be weak or
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stopped, and he may have the appearance of a
dead person. Under these conditions, severe
brain damage will occur within four minutes,
unless the circulation is reestablished by
application of.cardiac massage.

Closed Chest Cardiac Massage

This method has been w1dely adopted
because it is practxcal and it.can be learned easily
by anyone who is properly instructed. The
object of the closed.chest cardiac massage is to
squeeze the heart through the chest wall,
thereby, emptying it to create a peripheral pulse.

This- must be -done appreximately 60 times per.

minute. - B

.
-

Resuscitation. Procedure

a. Place the victim ‘on his back; a firm
surface, such as the deck, is preferred Expose
_the subject’s chest.

b. Kneél beside the victim; feel for the
lower end of the victim’s sternum (breastbone).
Place one hand across breastbone so that hieel of
the hand .covers, the lower part, and place the
second hand on fop of the first so that the
ﬁngers pomt toward the neck as in Figure 16-5.

L]

. Figure 16:5.~Resuscitation procedure.

31‘21{2 :

.victims age. However,. it should be applied as

. approximately 60 times per- ‘minute. .

c. With the arms nearly straight, rock
forward so that a c¢ontrolled amount of your
body’s weight is transmitted through your arms
and hands to the breastbone of the victin. The
amount of pressure to be-applied depends on the

smoothly as_possible. The: chest wall of an adult
victim should be depressed 2°to 3 inches with
each pressure application. -

d. Repeat application of pressurc

e. An assistant should -be ventllatlng the
victim’s lungs preferably with pure oxygen
under intermittent posntlve pressure If oxyger. is
not available, he shall administer
mouth-to-mouth resuscitition. However, closed
chest massage will cause’ some ventildtion of the
lungs. Therefore, if you are alone you -must
concentrate on the massage until help can arrive.

f. Direct other assistants, when. available,
to keep checking the patient’s puilse. Use the
least pressure that will secure an -effective pulse
beat. The puplls will become smaller when the
cardiac massage is effective.

g. Pause cccasionaily to determine if a
spontaneous heart beat has returned.

h. Precautions. Make every effort to keep
the hands posmoned as described in Step 2, in
order to prevent. injuries to the hvar, ribs or
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4
other vital organs. Since the heart cannot

recover-unless supplied with oxygenated blood it | |

is essential that cardiac massage be administered,
- simultaneously with mouth-to-mouth
. rtespiration. Whenever there is only one rescue
worker available. the cardiac’ massage musc be
interrupted every 30 seconds or so, for
administration of rapid mouth-to-mouth
respiration for three or four times.

_ ARTIFICIAL RESPIRAFION

The mouth-to-mouth (or mouth-to-nose)
technique of artificial respiration is the most
effective- method of the resuscitation techniques
for emergency ventilation of an individual of
any age who' has stopped breathing. whenever
special breathing equipment or help from
another person are not available.

People who-are trained in basic first aidonly,
usuafly: do not, have .the expetience, special
raining, or the required special equipment to
"distinguish whether lack of breathing i: a result

f disease or accident. Therefore, some form of
attificial respiration should be administered at
"-the .earliest possible moment. - :
- | Any means-that will obtain and fnaintain.an
open air passageway from the lungs to- the
mouth and’ provide for an alternate. increase and
: "dec‘re'ase in the size of the chest, ihternally or
é.xtiernally;, will move air in and out of a
non-breathing person. Mouth<to-mouth
respiration is an excellent emergency technique
which serves this purposé well, In addition to
the aﬁdvanta,gt? of .providirgz. pressure to inflate

“the 'victim's lungs immediately, this ‘technique -

provides the rescuer -with accurate information *
.on thé\‘volume, pressdre, and timing of efforts’
- needed, ) :

. Whlen. a person is unconscious and ot
b'fcgthﬁig, the base of the tongue tends to press
: agairis,t;}“and block, the upper air passageway.
“The procedures-described bélow should provide
for anvof;en’air passageway when a.lone rescuer
must ;perf\zorm'aritiﬁcial respiration.

. o
4Mouth-to,-1§iouth

Method for Adults

Refér to Illustrations A tﬁmuéh G of Figure
16-6. First,\if there is, foreign matter visible in

the mouth, remove it quickl;' with your fingers

or a cloth wiapped around your fingers.

a. Tilt the héad back so the chin is pointing
upward, (Illustration A). Pull or push the jaw
into a jutting-out position (HllustrationsB and Q).
These maneuvers should relieve obstruction of
the air-way by moving the base of the tongue
away from the back of the throat. )

b. Open your mouth wide and place it
tightly over the victim’s mouth. At the same

time, pinch the victim’s nostrils shut -

(Illustration D) or close the nostrils with your
cheek (Illustration E). As an alternative method,
close the victim’s mouth and place your mouth
over the nose (lllustration F). Then blow into
the victim’s mouth or nose. Air may be blown
through the victim’s .teeth, even though they
may ‘be clenched. The first blowing efforts
should determine whether or not obstruction
exists. . :
¢. Remove your mouth, turn your head fo

side, and listen for the retum rush of air that
indicates air exchange. Repeat the blowing

effort. For anadult, blow vigorously at the rate.

of 12 breaths per minute.. »
d. If you are not getting air exchange,
-recheéck the head and, jaw "position, If you still

do. not get air exchange, quickly tursi the victim.
on- his side and administer several sharp blows -

between the shoulder blades in the hope of

dislodging the obstructing matter (Illustration -

G). Again sweep your fingers throughout; the
victim’s, mouth to remove foreign matter..

.o " v ) -y

T NOTE

- »

Those who do not wish to-cofe into direst

contact with victim may hold a cloth over'the
victim’s mouth ornose and breathe through it.
The cloth does not, significantly, affect the
exchange of air: ) ,

Back-Pressure Arm-Lift Mgthod

Refer to Hlustrations A through E.of Figure
16-7. For this method of artificial respiration,

place the victim in a prone position (Illustration .

A). Bend his elbows and place his hands one
upon the other. Tumn his face to one side and

- - 313




place his' cheek upon his hands. Quickly sweep
your fingers. into the victim’s mouth. to remove
any froth or. particles, while drawmg the tongue
forward. DO NOT waste time in loosening the
) wctxm s clothing or warming the victim; this can
. bé.done by an assistant while artxt‘cxal
respxratlon xs in process. .

" Kneel:on either the right or left knee by the
head of the victim, facing him. Placeryour knee
at the sxde of the victim’s head, close to his

it is, more comfortable kneel on both knees, one
on exfhcr side of the victim’s head, bemg very

s

forearri. Place your other foot near his elbow. If

31

N \ * Figure 16-6.—~Mouth-to-mouth respi'ra'tion maethod for adults,

v

4

.
-

- 4.224

careful not to .obstruct his breathing. Place your
hands upon the flat of the victimp’s back in such
a way that the heels of your hand lie just below
an 1magmary line between his armpits. With the
tips of your thumbs just touching, spread your
ﬁngers downward (Illustration B).

For the COMPRESSION PHnSE;
(Mustration C), rock forward until your arms
are approximately vertical, and allow the weight
of.the upper part of your body to exert a slow,
steady, even, downward pressure. This forces air
out of the victim’s'lungs. Your elbows should be

.
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kept stralght and the pressure Should- be exerted

almost-dizectly’ downward on’ ‘the. back.

For the. EXPANSION PHASE, (Illustratrons
D and E), release the: pressure avoiding a ﬁnal
thrust, and- commence to rock stowly backward.
" Place your hand upon. the victim’s arfns, just
_above:his-elbows (Illustration D). Draw- his arms
upward and toward You (Illustration E), but
apply just. enouglu 'hft to-féel .resistance and
tension. at the vu‘tlm s shouldérs. Do. not. bend
" your elbows.as you. rock backward. Then lower
the victim’s- arths to the ground This completes
‘the fdll cycle. The arm lift expands-the chest i by
pulling on the chest muscle$, arching the, back
and telieving the weight on the chest.

The ¢ycle should ‘be. repeated approximately
42 times_per minute at a steady, {uniform rate,

.“Thé  compression phase. should ‘take -

approxlmately the same time as the expansron
phase, with ‘release. penods of minimum
duration. The whole Process should ‘be

contrnued withofit, mterruptron until- the" victim

+is- revived: If possiblesnothing should be: allowed
to mterfere w1th proper and, rythmlc motrqns. )

n

o If adry bianket is. avadable slide it underh‘
the vigtim w1thout mterryptmg the respiration:

cycles“ This may be accomplished easily with the -
ard of an dssistant. Cover the victim loosely by .

wrapping the ‘ends of. the ‘blanket around him.
. ‘Between cycles also, loosen all trght clothmg
such as belts and collars. .

Do ‘not give up hope. Continue 'to. apply
artificial. respiration untjl the victim begr,ns to

breathe regularly. Sometlm“es, as much as elght-

hours. of contmuous artificial resprratron is ...
.necessary to .restore regular breathmg .
. *.Remember,

only a doctor is- qualrﬁed to
:pronoiince death under cifcumstances. requrrmg

- artificial resplratxon A -revived .pérson may -

suddcnly stop breathmg and additional
. respiration. may ‘be: requxred For this. reason he
must. .be ' carefully watched. Never leave a

resuscitated person alone until you are certain |

that he is fully conscious and brcathrng

7

e

normally . o

'EI..ECTRICAL FIRES

s

Any ﬁre is a potential source of disaster. Ip

_electrical ﬁtes, the followmg procedures should
be observed

+

316 .

. %

a-, Deenergxze circuit for the’ affected
. equipment. Every radio: transmitter has
an EMERGENCY OFF switch that
removes all power frem equipment. In
addrtlon to local power switches on
equipment, the power supply to all

, transm;tters and receivers,  converters,
and teletypes can.also be secured at
power distribution panels .

. 8pread the alarm. Ashore, call the fire
department Aboard ship, use the phone
or intercom. If avallable send ariother
person,to sound the ‘alarm in accordance .
_with-ship’s fire bill. ~

c. Secure, ventilation. Tumn off ‘blowers;
close dqors.

d. .Report fire to the 00D by telephone or

'messengér -

e. Attack firé with equrpment avallable in
immediate vmmty. such. as portable
15-pound CO2 (carbon ledee)
extmguxshers ..

)

When extlngulshlng an electncal flre,
remember that quick action is reqiired only to,
deenergrze the circuit. When this action has been
taken, STOP' LOOK! THINK' The use of COY:
fire extrrgtushers directed at the base of, the
flame .is always best for all electncal fires.
Because carbon drox1de is.a dry, noncorrosrve,
inert gas, it- will not damage’ electrrcal
_equipment, And ‘because-it” 1sap0nconductor of
electricity, it can be used- safely in fighting fires
that otherwise would presem: the additional
hazard of electrrc shock.

2 ‘PORTABLE FIRE

EXTINGUISHERS

Some portable lS-pound carbon ‘dlox1de fire
extmgulshe’rs have a sgueeze-gnp style release
valve that 'is operated by a’simple hand ’
squeeze-grip. Qthers have a release valve
operated by a handwheel at the top. Both valves

have a locking pin to prevent unrntentlonal
discharge of the carbon diokide. To operate
observe the f ollowrng steps.

. a. Carry fire extinguisher in an uprigh't~~
position, and approach fire as closely as
‘ heat pe,rmlts {Keep extmgulshcr erect
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while using it. Begause of its  from one—or severdl-of . these extinguishers is

. L"-o‘nstruction",-'ita’shol‘lld not be laid onits  jnsufficient to feduce. bélow a daagerous

U sidé) e " . Inininium-the total oxygen.content of the air in
.b. Removelocking'pin from valve, - - _ . acompartment; - .0,
* 6. Grasp nozzle horn by its: handle. (It'is. Ahyone using a carbon dipxide extinguisher

insulated to protect your hand from ~ should be warned that snow:blisters the skin-and

. “extreime cold of discharging carbon  ‘causes painful burfs.-if allowed to-remain.oni.the

:

diogide!) .- . oL uskine N
.- Open valve by-turning valve wheelto left” = If all efforts with carbon gioxide fail to-put
* (or, squeeze release Jever), thus opening  ‘out a fire, fresh water applied. with- a fog.

RS

- valve and . releasing' carbon dioxide. Af. - applicator may beé uséd. Because of the fine °-

- ‘A,fwtl;e same time digect the flow toward the diffusion of its ‘particles, fog reduces buf does
.. "base of the. fire. Move ‘Horn-slowly from = ‘not entirely remove danger of electric shock.

© . side to side, and follow flames. upward as “fh .cable ﬁreso,iﬁ_v,ﬁlgich the inner layers of.

v .-they recéde. in'sulation (or- insulation covered by armor)
" e..~Close valve as soon as conditions permit, support com(‘bustioqn, the only positive method
- and’ continue to open and close it as of preventing the fire from running the length of

" handwheel-type’ valve for brief iﬁfe‘rvals’“ deenergized, and separaté the ‘wo ends. This

. without appreciable loss. of carbon’ prevenfive..action should be accomplished only

dioxide. But once valVe' seal. is--broken, with well-insulated tools, such . as
‘carbon. dioxide. will leak away in 10 - ‘wooden-handled fire:axes or'insulated pliers.

minutes or so:- The squeeze-grip®typé -* - _ PR - E

. -~ likewise -may be-turned 'off. while in use, ‘BURNS .-~ « . | - -

-t - < but. it -will hold contents indefinitely: . .. . o :

© - witHout leakage, In continuous . * - Buins and scilds are caused by exposure to

L operation; the 13-pousd: cylinder of °intense heat, such as -that"generated by fire,

%, eithef type will expénd its contents it~ bomb ,flash, sunlight, hot solids, hot gases, and

‘about 40 seconds. L : . hot liquids. Coptact with electric currént also

* f. The discharge should not be:stopped too causes burns, particularly if the skin Jsdry.(Dry

. soon. When flame is extinguished, coat skin -offers about 20 times:more resistance than,

P .
®

. entire surface engaged in fire with ~moist skin to the passagé of electric current:
carbon dioxide snow in-order*o prevent _ When the skin is dry, therefofe; loa} heating. .
“reflash. .- .. - cffects (burnd) are greatér.-even--though total .

. LU damageto the body. isless than wheh-the skin is
The firefighter must be warried that.the vety » wet) -, : :

..qualities that_:make carbon dioxidé a desirablé: LI shoul;i be noted that burns'andc sc‘al'd's'k are
_extinguishing agent. also make ‘it dangerous 'to essentially -the same type -of heat injury. When
life if the: compartment should, become filled  injury is-caused by dry heat, it is called a.burn;

air to -the ‘extent’ that. combustion -canriot. be . . Treatment is the same in Both cases..
sustaified, bréathiﬁg# cannot be sustained.either. - . Classification of burns: ‘Burns are classified
Radio - robms do not have’ CO3 systems for total. . in several ways—by fhe ‘extent of the burned

flooding such as those. installed -in uninhabited surface, by the depth of -the buin, -and by the.

spaces ‘used for gasoline “and- paint stowage.. cause of the ‘bufn. Of these - categories, the -

- Consequently, when using 13-pound-portable - extent of body surface burned is the principal
fire extinguishers, the firefighter usually’ does,  “factor in determining seriousness of the burn,.
not have to consider the -possibility of Harm to* . and alsoplays-the greatest role in the casualty’s
personiiel.. Because carbon dioxide: is heavier .- charices-for survival; R

- than air, it-does not rise, but remains in a pool Shock can be expected in adults. with burns

. .close“to~';th'e deck. The. quarntity of gas released of.over 15 ‘percent; in small children, with-burns

. ~
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‘necessary. The firefighter may shut off  the cable isto cut the cable after it s

-with-jt. Certainly, when it.replaces oxygen.in.the when caused by moist heat, it is called ‘a scald: .
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of over JO percent of body surface area. In
aclults burns to more than 20 percent cf the

body endanger life. Usually 30-percent-bumns are

fatdl if adequate mcdrcal treatment is not
‘received.

The depth of injury to the tlssues is spoken |

_of in degrees, First-degree bums are the mildest,
producrng redness, increased warmth,

tenderness, and mild .pain. Second-degree burns
redden and-blister the skin and are characterized .

_ by severe pain. Third-degree burns destroy the
skin and may destroy muscle tissue and’ bone in
severe cases. Severe pain may be, absent because
netve endrngs have been destroyed The color
may vary from -white and hfeless (scalds) to
black (charred). o

Always remember that the size of a bumed
area may be far more significant than the depth
of a-burn. A fi rst-degree or second-degree bumn
that covers a large area.of the body usually is
.more serious than a small thxrd-degree bumn. A
ftrst -degree sunburn, for. example, can cause
death if a large area.of the’body is bumed."

In general, the cduses. of bums ate classifi ed
as thermal - (heat) or chemical, or as resulting
from sunburn,. electric shock or radiation.
" Whatever the cause of the - ‘burn, shock always

results if the burns-are extensrve

T E3
Treatment of Bums o
and Scalds . B Tl

¢
.

First aid for all bumns consists of the
following main items: (l)relreve pain, (2). prevent
or treat shock, and (3) prevent:infection.

In electnc shock” the burn may have.to be

“ temporanly 1gnored while resuscitative measyres

aré carried out. Otherwise the treatment is the
same as fof heat bums.

Locat treatment for chemical bums varies,
depending on the causative ggent Chemrcal
burns are_ discussed .more fully later in this

’ ‘chapter

Ice water treatment Clean waterand ice are
not always available, but when they are, ice
watér (as an emergency measure) prowdes
immediate rehef from pain and dlso. seems to
lessen the damaging.effects of burns. For. burns
Yffecting less than 20 percent of the body,

. immerse the ‘burned part in_ice water or, where

immersion 1s nOt practrcal repeatedly apply

.

ice-cold moist towels to the burned area
Treatment should be continued until no- pain 1s s
felt when the:burned area is withdrawn from the |
water. This treatment may last from 30 minytes

to as long.as 5 hours. Whén -available,
hexachlorophene should be added to the water
to destroy bacteria. After the ice water
trcatment, the rcaular treatment for burns

should follow (discussed later).

‘Relief of pain: Simple first-degree burns
that do not cover a large bodyrarea may require
no more than one or two aspirin tablets to
relieve discomfort. Severe bims cause extreme
pain, which contributes$ to- the severity of shock.
A person who. has suffered extensive burus may
bé given not more than % grain of rnorphme to
relieve the pain. The injection site should be
massaged for a few minutes to help circulate the
morphlne (CAUTION The casualty may have
other 1nJur1es. Do not, grve morphlne to any
person. who has a head injury, chest injury, or
who is in deep.shock, ‘even if e js sufferlng from
extensive bumns.) - "

Treatment for shock Any person who has‘
been seriously burned .must be treated for shock
immediately. Serioys shock always accompanies
an extensive burn, nd s, in fact the most
dangerous consequencg of, the injury. Start the
treatment for. shock before’ r’naklng any-attempt
to treat the burn-itself. ‘

Rellevmg 'the casualty’s pain is, of course, an

» ‘1mportant part of the treatment for shiock. After

easing his' suffenng, place him in & position so
that his head is.lower than his feet. Make sure
that he i§ warm enough; do not remove his
clothing. 1rhmed1ately Remember that exposure
to cold will cause shock to become worse, but
do nat overheat him.

In' burn casés; an cxceptlon must be made to
the rule-of WJthholdrng liquids from a patient. A
seriously burned person -has an overwhelming
need for liquids and administering_liquids in
such- cases.is an indispensable part of treatment
for shock caused by burns. Give small amounts
of sweetened tea, fruit juice, or sugar water, if
the casualty has..no 1nternal injuries, ‘s
conscious, and is able to swallow.

Prevention of infection: Second- and
third-degree bums are, in effect, open wounds
and .must be covered to red,uce possibility of
infection. Every effort must be made to use a

\\
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sterxle covering, but makeshift wrappings such as

clean sheets and freshly laundéred towels may
“be- used .-

Omtmcnts arid other medicines must never

be ‘put on the burn wound. Using these agents

~may make later treatment ty a physrcran
difficult or lmpossrble ‘ -

JDo not open any blisters. Do not cough.or

sneeze near the casualty. If possible, keep-a
. prete -of sterile gauze over your mouth and nose
..-while you -are workmg near -the burn victim.
" Contamination b)” micro-organisms from the
mo“uth and nose is a.frequent cause of serious
(and- possibly fatal) burn nfectrons ‘

Treatment: If the casualty is to receive
‘medical attention soon, do nothing more than
relieve- his- pain, treat for shock, and gover the
burni with a sterile wrapping or clean sheet or
towel. Do not attempt treatment of the bum
wound dtself.

lf niore than 3 hours may elapse before the
servrces ‘of a physician can be obtamed you
should dress. the burn. First remove the
-castjalty’s clothmg from around and over the
buried area, preferably by cutting it away. Be

pecrally careful not to cause-further-injury. If
clothing. sticks to the burn wound, do not
attempt to pull it loose. Merely cut around_the
part that sticks, and leave it in place. If any
matenal such as wax, metdl, dirt, grease, or tar
adheres to the -bum, do not try’ to remove it-Do

. not allow absorbent cotton, powder, adhesive

tape, or other substances that might cling to‘the
buin to come in contact with the burn. Never
apply iodine or any other antiseptics.on a burn.

When you have cleared away as much. of the
clothing as yow can, dress the bum. Apply a
single layer of sterile. fine-mesh petrolatum
gauze over the burn wound, oégmnmg at the
.outside of the-burn wound and working toward
. the centeﬁ in a circular manner. Next, place
bulky fluffs of pauze over the'burs, with a large
padded .dressing as the outer Jayer. Wrap gauze
strips smoothly and gently around the dressing..
The- bandage should.give light, even pressure and
immobilize the injured part. Once the bandage is

; applied, it should be- left alone. Leave it in place

-~

until the casualty receives medical care.,

Bumns of the eye: Burns of the eye require
special attentron If they are true heat burns,
caused by exposure to steam,.bomb ﬂash
weldmg arc, or any-otner source of intense heat,
treat them as follows: . .

a. -Put a few drops of clean mineral oil or'

%

olive oil into eachreye.

b. Cover each eye with a small, thick
compress, and fasten the.compress in
place with a bandage or-an eyeshield.

C. :Make sure that the casualty does not rub
hiseyes.

d. Get medrcal attention for the casualty as
soon as possrble.
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RFCEIVER R 39OA/URR GPERATING PROCEDURES c
. o :
Haphazard operatron,or lmproper settings of receiver. This srgnal aﬁows the operator to
receiver controls -can tesult in poor reception. It calibrate his receiver: that is, to ascertain that
is important, therefore to know the function of the readmg of the. tuning dial corresponds-to-the -
every control. The front, panel of a Receiver frequency received. The cahbrdtron circuitry- ot~
'R390A/URR is shown.in figure Al-1. Refer to ~ ‘the R-390A permits the operatdi-to calibrate the
figure Al-1 when studying the followmg "™ receiver at each- 100-kHz point throughout the >
descriptions of. swrtches and confrols, . tuning range of the: recejver. In-connection with .
Lo - "+ calibration, notice the ZERO*ADJ knob-near the. .
a. Functlon swuch The functlon switch ' frequency dial. When turned clockwise, this :
serves several ourposes It has a number of knob disengages the trequency indicator from
* positions, each of which ds discussed. Its OFF thé KILOCYCLE CHANGE tuning control. The
position (selt-explanatory) srmply tums off cahbratron procedure consists. essentrally otvthe . ;
power to the receiver. -following steps: e ‘ N
When the function switch s in. STANDBY ) . . 5 - e,k ) ‘
position, filament*supply yoltages are energrzed . . |. Tune the receiver to a point where <3
but plate supply voltages are not applred to the the frequency indicator dial shows an e‘(act co
tubes. This condition readies the receiver for multiple of 100 kHz. - * ; :
instant use without a long warkup time. 2. Tum the ZERO ADJ knob clockwise . .
“The abbrevnatron AGC stan\Is for automatic - ‘to disengage the tuning controls from the :
gain control Placmg the funct1 switch in the frequency indicator. -~
AGC’ position activates the circuitry, which 3. Wlth thé tunctron switchin: ‘the CAL ™
automatlcally adjusts the RF and I-F amplifier position, turn tl\"ne KILOCYCLE CHANGE .
gain to compensate for. variations:in the level of  control to- give the maximum respcnse to the .
the incoming signal. In connection with the ' cdlibratidn signal. .. .
AGE function, notice that the AGC switch at ) 4. Turn -the ZERO ADJ knob
the top of the panel has three positions marked counterclockwise to reengage the ‘tumng control _
SLOW, MEDIUM, and FAST, This AGC_switch. ° to the frequency mdrcator O
: adjusts the rate at which theé' AGC circuitry . ‘ S
respands to a .change in the signal level, The " b. Tunmg controls: Two front panel knobs .
correct position of the AGC switch depends on provrde ‘the, tuning control of the R-390A. They ..
the type of signal received. -~ " are the MEGACYCLE CHANGE knob and -the BN
The abiffevtatron MGC stands for manual KIIDCYCI.ECHANGE knob. The MEGACYCLE - v
guin contrel. When the function switch is in'the CHANGE knob selects any 1-mHz- bandwidth of
MGC position, the AGC circuitry is not the tuning range..Tumning this knob changes the : W
activated; and the gam is controlled manually by teading of the first two digits of the liequency - .
means of the RF gain contrcl, indicator. The KILOCYCLE ‘CHANGE knob - .
‘When the function switch is in the- cahbrate tunes the recelver to any desired . frequency e

(CAL) position, a ‘Stable crystal oscillator within the megahertz band selected by the
introduces a- sxgnal at the input circuitry of the MEGACYCLE CHANGE control The last three
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digitseof the frequency indicator dial provide the

+ kilohertz reading. The tuning controls actually
. adjust the tuning circuits in.the RF stages and-in
~ thelocal: oscillator in-ordér toselect the desired

station frequency and to provide.simultaneously .
the desired I-F signal to the I-F portion of the
receiver. The DIAL LOCK knob is -dssociated

" with-‘the tuning controls. This knob locks the

KILQCYCLE CHANGE control so that the -

.frequéncy setting will not, be changed

t

adcic;lehtgl]y. *
L k) {

. ‘¢, Bandwidth control: Sgme transmissions

than- others. Receivers are :therefo_re provided
vith a control that allows the operator to adjust
the pass band of the receiver so that only the
desired bandwidth is received. On the R-3 :
receiver, this control is.achieved by th
BANDWIDTH: KC switch. It adjusts the tuned
circuits of the I-F portion. of the receiver,
‘thereby controlling receiver selectivity. Proper
adjustment of this control helps to eliminate
noise and interfering signals. If ‘the bandwidth is
Y S .
N . 321
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set 250' narrow, part of the incoming signal will,
of course,. bg lost: ) -

d. Beat' frequency qsqillator: Some radio
transmissions, such as Morse telegraphy.and FSK
teletype contain no audio frequency

information’ when they are ‘received, The

R-390A is equipped- with a Beat Frequency,
Oscillator. (BFO)-to produce an audible-output.if”

tequired. The BFO. is activated by’ the BFO

On-Off switch and:the pitch of the audio output
can-be adjusted-by th‘e'BFQ‘Pitq}! Knob.. * - -
e. Gain contiol: The R-390A has  three
front panel gain controls. The.RF-GAIN control
permits ‘manual adjustment of the gain of the |,
RF and IF sections of the receiver. The LOCAL .
GAIN and LINE GAIN knobs control the gain
of the a-f circuits. The LOCAL GAIN controls
adjust the level of the output to the phone jack.
The LINE GAIN: controls the.level of the audio
output used to operate terminal equipment.,

f. Antenna trimmer: The .front panel
control labeled ANT TRIM adjusts the input

-Circuit in such a manner that optimum coupling

Lt Ty

. ’
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. e
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t

at-eaéhi-frequency. :

g. Audio response: The AUDIO
RESPONSE control,. which adjusts the
bandwxdth of the audxo circuits, has two
settings: SHARP and. WIDE. The setting of this
control depends on the type of signal received.

h. Lmufer When the control labeled

LIMITER is actlvated the .operator -can- control-

the .amplitude -of the audio output circuits to
predetermined limits. The setting of the limiter
control -depends.on the type of sxgnals received.
A low setting:of. the control, for example, would
be desirable to, prevent loud crashes of static in

theé output. Whgn,gnohitoring voice signals. If the |

received .signal is. fsk-modulated; it- may be
dcsmble to remove all amphtude variations by
using a high :setting on. the .LIMITER control.

For many types of feception, however, the.

LIMITER should-nat be activated.

o i Brealg-m The ON-OFF switch labeled
BREAK IN is used when a ‘receiver and
transmitter are: .operated together as a radio set.
In the ON position, -circuits are.. actwated for
removing.the antenna from the receiver ‘and for

9

L]
-,

from the.antenna o the receiver.can be achleved

T

grounding the antenna and ‘receiver audio
c¢ircuits whenever the transmitter is energized.

j. Indicators: Three indicators are mounted
on the front panel of the R~390A The
frequency mdlcator dial.indicates the frequency
to which the receiveris tuned. This dial is of the
digital-counter gype, which permits frequency to

.be read directly with little chance of mlsrcadmg

THE CARRIER LEVEL mdlcator—-a meter
measures the level of the RF signal appearmg at
the input of the receiver. The operdtor will find
this meter valuable in tuning to the exact
frequency that gives the strongest signal. It is
also uséd to indicate proper adjustment of the
antenna trimmer. The indicator, labeled LINE
LEVEL monitors the level of the line audio out
used to drive the terminal equipment. This
meter is placed across the output circuit by the
LINE METER switch. The three available values

- of mcter sensitivity (voltage required for

full-scale deflection) are determined by the
setting of the LINE METER switch. This meter

"is- valuable in mamtammg the proper output

level when makmg tape recordmgs

¥ 1
Loe
.-
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All: controls normally. -used dunng operatron
are located cm the front panels. of the two
identical convertors (figure A2-1). Table A2-1
lists all operator’s controls by name and
function. Other controls are to be adjusted only
by a.maintenance technician. ,

The operator has.a choice of two modes of
operatzon 1) sxngle-recerver operation or )
diversity opération. -

" Ascertain if equrpment is .connected for
sxngle: or; drversxty receiver operation. Allow the
associated receivers. and teletype printer(s) to
warm up. Tum the converter POWER switches
to the'ON (up) posxtxon and' allow a ﬁve minute
warmup period. - ‘

“ Proper turung of the receivers. feedzng the
converters is important. Good commumcatrons

2

" Level o T
. CONTROL ) ‘

CONVERTER COMPARATOR GROUP AN/URA-WC
S OPERATING PROCEDURES

are often the result of properly tuned receiver.
. Each converter has a small oscilloscope mounted
"in the front whith supplies the operator with a
visual presentation of the input signal into the
converter. The scope pattems for correct and
incorrect tuning are shown in figure A2-2.
Following is a step by step summary of
operating procedures for.single recerver
operatron and diversity’ operauon

* -

. Srngle-Recerver Operation.—

& 14
N

1. Tum receiver and teletype printer power

switches to On. .

2. Set converter controls:as follows:
a. POWER switch to ON.~
i b FUNCTION switch to TUNE.

© soLARITY . _POWER .
SWITCH 03-i + SWJTCH

. 3 SSHIFT  FUNCTION
\, “SWITCH  SWITCH .
o T > . - ¢ , " . . toe 50.77
_ Figure A2-1,—AN/URA-17 frequency-shift converter, front panel eontrols. s
. “ ¥
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Table A2-1 -Froqucncy shift converter CV-4830/URA 17 opcratmg controls

~ w
- _ |
| |

‘ CONTROL ’ POSITION o ,  FUNCTION o
s _ LEVEL 1" 'Variable, Adjusts the -signai’ level to the'discrimina(tor. . i
T 'O\tg 10 M -
, NARROW " Selects the narrow 1nput' filter and
) SR ‘ d1scr1mmator (10 to ZOO cps shift width). )
| SHIFT }‘ -
;7 | WIDE Selects, the wide input filter and
) .~ | +discriminator (ZOO to 1000 cps sh1ft width). .
: . SINGLE \‘\“ Used" for singl e-recewer operatwon
. . \ - ~
2 -FUNCTION | TUNE I Used when tuning the receiver (removes
. \the 1nput s1gna1 from teletype prmter).
) ‘ DIVER§ITY Used for dwers1ty operatwn. o
) ’ . NORMAL USed when keymg pulses are of norma]
; : E pol rity.
: - POLARITY ' )
REVERSE Used when keying pulses are of reversed
e po]amiy - .
FAST l Used for) igh: speed keying swgna1s ) ';' )
' SPEED S
- i SLOW Used for low speed keying s1gna1s
.| PoER On - Off Turns. 1ine voltage on and off.
: R - T
- C PdLARiTY‘switch'tb NORMAL. indicator. (If two receiver tu}ling positions
. . d. LEVEL control'to 3. occur, use tronger.) ;
‘ e. SHIFT switch to WIDE (for. A\djust receiver audio output to 60
e wide-shift- signals). or to NARROW.: (for erthWatts
" narrow-shift signals). _ 4, Set converter SPEED switch to SLOW
for smgle-chang\l teletype signals or to FAST
‘~ 3. Set receiver controls as follows: for four-channel, 'Kr:‘:e-division multiplex.
g _a._Set receiver bfo_to 1 kc for- 5. Adjust-converter LEVEL control until
narrow-shift signals.or to 2.0 kc for wide-shift  pattern fills space between upper and lower
signals. _ _ horizontal lmes oncrt.\ -.-* :
b. Tuneé receiver to desired rf signal. 6. Set converter \FUNCTION switch to
" c. Set receiver bandwidth to  SINGLE. -
approximately 3 kc for wide-shift signals or to
approximately 800 cps for narrow-shift signals. ‘ )
) - d. Tun\e receiver for strongest NOTE
o ‘beat-note, L . : Ce .
: ., . e Tune receiver for symntetrical, If teletype printer is printing garbled copy, i
. vertically- centered pattern on converter tuning  set converter POLARITY switch to REVERSE. '
[~ ' ) o 3 : -
e Q ~ —

B E— AN
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Appendix [I-CONVERTER COMPARATOR GROUP AN/:JRA-I?C OPERATING PROCEDURES

_ CORRECT TUNING INCORRECT TUNING

®

INCORRECT TUNING

’

®

CONTINUQUS MARK

CONTINUOUS SPACE

[

TO SECURE. .
Turn converter POWER switch-to Off.
Diversity Ope‘ration - *

‘ ‘f -1. Tum receiver and teletype printer power

' switches to On.

2. Set controls on one converter as follows:,
a. POWER switch to On.

b. FUNCTION switch to TUNE.
c. POLARITY switch to NORMAL.
d LEVEL control to 3. . .

g - SHLEFT switch to WIDE for -
wide- sh;ft signal§ or to NARROW for
narrow-shift signals. ¢

3. Adjust assocjated recexver controls as

. follows:

a. SET rcceiver bfo to 1 kc for
narrow-shift-signals or to 2.0 kc for wide-shift .
signals. If receiver has agc switch, turn on.

b. Tune receiver to desired rf signal.

c. Set, receiver bandwidth to
approximately 3 ke for wide-shift signals or to
approximately 800 cps for narrow-shift signals.

d. Tune receiver for strongest

beat-note. :

e. Tune receiver for symmetncal
vertxcally centered pattern on converter tuning

L

325
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WM

N————
@ ‘
CONTINUOUS MARK CONTINUOUS SPACE
WITH NOISE WITH NOISE
AY
L

. : 12393 .

Figure A2-2.—Monitor oscilloscope patterns for frequency-shift converters,

-

indicator. (If two receiver tuning- positions
occur, use stronger.)

S Adjust receiver audio- output to 60
milliwatts.

4.Set converter SPEED: sthch to SLOW
for single-channel teletype signals or to FAST | .
for four-channel, time-division multiplex.

5. Adjust converter LEVEL control until
pattern fills space between upper and’ lower
horizontal lines on crt. .

6..Set converter FUNCTION switch to

' DIVERSITY

-

- NOTE

If teletype printer is printing garbled copy,
set converter POLARITY sthch to REVERSE.

7. Set FUNCTION <w1tch to TUNE.

8. Repeat steps 2 through 6 for second
conyerter,
. 9.If teletype printer is prmtmg garbled
copy, set converter POLARiTY switch to

~ REVERSE.

10..Set FUNCTION switch of first converter
to DIVERSITY. To secure turn power switches
of both converters to OFF.

. . ¢
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'- AMERICAN STANDARD CODE FOR INFORMATION

‘Modern t'ech”nology has led to the
improvement of telecommunication capabilities

in many areas, thus improving the quallty ‘and’

speed of, communications. Throughout ‘this

" manual we- drscussed the concept and objectives
" of sceme’ain tomated -systems and data
transmrssrons To acconfplish data transmissions

4 ney- ‘code was needed. because of the ‘specific”

hrhltatlons to the teletypewrtter S-unit code.

The ASCII Code was developed- for data
transniission-and provides for additional symbols
and’ also parity ~checking {(ertor detcction) of

tramrsmitted data. (Refer to ‘Chapter 9 -of this

manual for more details -on the ASCII Code).
Figure* A3-1 illustrates the ASCH code and a
‘legend of characters listed in columns O-and 1.
The discussion that follows applies to ASCII
¢ontrol -as they" apply to Model 40 Data
Termmdls g .

L}

" MODEL 40 DATA TERMINALS

ON-LINE TERMINAL CONTROLS

Recerpt of ASCII Controls

>

4
1 4

Receipt of, the followmg ASCII controls -

cause the following actions:to be performed:
“ N ’. , : -
.ETX- (End of Text)-Displays syibol EX
and switches terminal from receiving mode to
local mode, unless option elected not to. Also

feeds out. 16 blank lines of paper from printer, if

option elected. Recciver-only printer terminal
feeds paper only. .

) INTERCHANGE (AsCll)

EOT (End of Transmission)— Displays
symbol ET and switches terminal from- rccemng,
mode .to local mode, unless option elected not
to. Ignored by receive only printer terminal.

BEL (Bell)=Displays symbol Bf and causcs

- beep sound.

’ ’

)

BS (Back Space) Moves cursor left, one
character, .

HT (Horizontal Tab)— Displays symbol »
and moves cursor to first tab stop-on rlght if
equipped. with tab control feature. If there is no
tab setting on- nght cursor ‘moves to start of
next line. If there is protected data en route the
cursor stops instead at first unprotected °
character following protected data, whether on
that line or néxt line: If not equipped Wwith tab

,control feature, the cursor moves one character

to the right after displaying ®.

s

¢ -
. NL (New Line)-Displays symbol = and
moves cursor to start of next line, and causes
printer to print next_character at starf of next

-line. Also scrolls dtsplay up on line if cursor was

on last line-on screen

»

3

VT (Vertical Tab)~Displays symbol VT and-

‘cduses printer tO print next character at start of

next line, ¥
¢

FF (Form Feed)— Dlsplays symbo] FF and

'swltches terminal from receiving mode to local

mode, unless option elected not to. Causes
printer to prin{ next character at start of ncxt
]me . . . . .

-
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. Appendix 11I-AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE (ASCID
8 ‘\":; o - Jo 0 0 1 BE ERE
N ————| 0 0 1o 1 0 o | 1 1
‘ AN s 0 I I 0 1 0 1
1 u;n,sz wwnn :
0olo]o "0,\ M sl o Y WB7 7%
vislo[il\ v VA8 1 | B v | A
INDONR7 777 Sy SRy 7,7,/

9 ALIRINNENN7 -7 7. /B i e . ////Af//////, &
ojrjelel ‘s BTV 80 Wy B T G
NOOnEW” 7/ /Wy RNy WW'/////,

, UKD ©7%... 7Y K Y WM 4%

Y SRR 7% % W WY 7% %A
NGONNS7 77 7Ry MREY 7/ /% :
riejolt] s\ s ) | . |- Y A, ’
Tpefrie] w \PAay v A : J |1 V08
MEAMKNIRIN 7 7% 7/ > L 2047
WNULNIN7 777/ WY /7%

< Irlr 0,1”13 L‘W/Am iy B 3 /%7// i
B Al w T . | > N » A
] s W//,ﬁ///--z 1| W/%

NOTE: THE UNSHADED' AREAS. INDICATE THE. PRINTABLE CHARACTERS: - *

-

M ’ s » . ' ‘ R - ‘ N - s ' . . » B -
'e ! ’ ’ P . 31.17‘
e s * ‘Figure A3-1.—American. Staridrd Code for. Information intarchange { ASCH1); | ; .
, L LEGEND ° - LT
- ’ ) ) Co e
s NUL... NULLIIDLE Aehlncter which may be murtcd |nto or rcmoved from a stream of datl wuthout affecting

) . ’ the. mformltlon content of that stream. Some-transmission systcms may not be able to accept the.use of
- s ﬂm charactar. ‘

SOH...~ TART OF HEADING A transmission eontrol character used at the: beginning of a sequence of characters
which comprise a machine-sensible addms or routing mformation Such a sequence is rcfemd to as the .
buding . ] ' )
STX... START OF TEXT A tnpsmmion control character which prmdts a squence of chlnctm thnt is to'be

’ " treated as an cntlty and entirely transmnmd through to- thc ultlmate destination, Such a sequence is
refcmd 1o as text. . . .

ETX... END OF TEXT A transmission control chlractcr uud to termimto a sequence of chlracters started wath

- STX nnd tnnsmltud as an: cntlty
. »
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EOT... END OF TBANSMISSION A transmrmon control character used to rndrcete the end of. tnnsmrssron. .
. « . -~ . .0 Fr_ 4 £ ”
ENQ... ENOUlRY A tra(tsmrssron control character reserved for. ute.in data oommumcatron wystems as a request
for.a respor)u from a remote statron The response may mclude station identification and/or statron status, .
ACK... ACKNOWLEDGE A transmrssron control character trlnsmrtted hy a receWer as.a posrtive response toa . g
-t s ,sender. e - A :
BEL... A character for use when there -i§ a need to call for human attentron, rf may. control alerm or attention . ,
’ davices, - PR R "-u”, ce vj et
BS..." BACKLSPACE A-layout character whrch controls the movement of the prmtrng posrtron one. prrntrng space X ’
| backward on thesame printmglme. ﬁ P ot e . ;. " P v
HT... | HORIZONTAL TABU LATlON A leyout cheracter which controls the movement of the printing posrtron .
to the. next in a saries of predetermmed posmons elong the prmtrng line. , ) . o
‘ LF.. LlNE FEED. A layout cheracter whrch controls the movement of the prmtrng posltron to“the nextline. ' i
VT... VERTICAL TABU l..ATION A: layout charecter whlch controls the movement of the printing posrtron to ., o
the next of a senes of- predetermrned pnntrng lines, ’, . .- P - :
T FE... FORM FEED A layout character which controie the movement of tl;e pr;ntng pontron to. the first o
predetermrned prrntmg lme on the' next form. . | i . _‘”\ Vy
“ : ’ ’ . 98 e s P !
CR... CARR'AGE RETURN A ieyout cheracter which controls the movement of the pnntmg posmon to the
fmt prrntrng posltion on the nme prrntmg l|ne. T <l R g .jra
$O... SHlFT OUT.. The shrfl -out cheracter means that all the oode comtinations which follow shall be "
¢ interpreted as outstde of the cheracter sat of the standefd code table until a shift-in character is*reached - . : L
St... SHIFT-lN The shift-in. cheracter ‘means thet aIl the code combrnetrons whrch follow sheil be interpreted ,z
according to the standard code table. - _ . 1 .~4 e -
- iy
DLE. . ,~ DATA LINK ESCAPE A trammmron control chiaracter which will chenge the meaning of the foliowmg o
" code combmetlon(sl It is used exclusrvely t0 provrde supplementery control in data trammmron
networks.” .. . B ) . . ) ¢ "
DC1.DC4. DEVlCEnCONTROL'S‘ ) . : B ' Lo “
: NAK .. : NEGATIVE ACKNOWLEDGE A trinsmission canirol- charecter transmrtted by a recelver aa negat-ve °
’ rasponse to the eender. TR .. . ¢
) SYN... SYNCHRONOUS IDLE. A trensmlmon control charecter used by @ synchronous transmmron system in. :
' the absence of any other character {condition_t provrde a signal from whu.h synchronlsm may be achteved
“or retained).
ETB . . END OF TRANSMlSSlON BLOCK. A transmmron control character uud to |ndrcete the end of a block § :
of deta for transmission purposes. ___ . .
CAN... CANCEL. A cheracter used to indicate ‘that the data with which it is sssociated is in error or is-to be " } :
: drsregerded 3 R : '
’ °- T e 2 ) )
i ©..328 s
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EM... END OF- MEDlUM A control charactér which may be uud to rdemrfy the physreal end of the medium or. .»
- the end of the’ used _ ot wanted, portion of- mformatiorL recorded-on 2 mcdlum The posmon of this . .
character does not necgsnrrly correspond to the physrcal end of the.medrum , N [v
$§&... = START OF SPECIAL SEQUENCE A character which is- used to mdrcate the start of a vamble length
saquence of- characters whrch have- specul srgmflcance or whlch are-to r’eoerve specul htndlmg Thu sS .
may beused for trensmlsslon control _purposes, h . o L T oS
- LESC'. ... ESCAPE A funetronal chancxer whrch may be used’ for an eg(tensron of the standard character ut of the “
eode ‘by changing. the meaning offthe next single following code combination. The precise-meaning of this. . -
) followmﬁ ‘character - reqiuires priot agreement betweeh the sender. and the recipient of the data,’ The.. ‘
: #ESCAPE": character ltself'may therefore be-regarded as-a warning ot non-locking shift charocter affectmg
the next single followmg character The single character. whichfollows “ESCAPE" may be interpretedasa - Ll
graphic or- control character pot méluded in thé standerd set. Altematively-the mumng of this. single: - RV

chancter may-be''go'into oo,yeXand my in. it , i -
’Fs FILE SEPARATOR. (Seeleordefmmon) T r
GS, ..o CRQUPSEPARATOR. (See leordefinition) . o ’; o
K K.gs‘, .« “RECORD SEPARATDR. (See s for defrmtron) C ° . a J K );’i" . ’ 'h . | . < |
: us S UNIT SEPARATOR (s« is fordefuntron) : o '" - o )

+

R fis"i.“-., INFORMATION SEPARATOR. There are four ‘informatién’ separators (S, GS, Rs US)awhrch:hne a
W~ + , hierarchial relatlonshlp with each other. They are related; as foliows: . "o .

- UNIT SEPARATOR (US) RECORD SEPARATOR (RS) GROUP SEPARATOR (G3),- and FlL"E,

SEPARATOR (FS) (FS) is,the most powerful uplntor. "UN!T" cannot mcludea"FlLl‘" "GROUP"

. or"RECORD LA , s , . . . o PR
“, "RECORD" may mclude (md if it mcludes it mcludes eompletely) a vamble numhrf,(none, one or = R ';:;"'
. momlof UNITS - T S T A
e s coe - Ty -,
/ A "RECORD" cannot mclude "FILE" or "GROUP "’ (.‘,3 R L 6 ’f’ -
‘ T ‘ s ! ’w‘ ’ 4 ’ .‘ < X . . ’r
"GROlfP" mey inciude’ (end if it mcludes rt mcluc‘u oomplegely) a variable- number (none, one or T
;- more) of "RECORDS" end/or “UNITS" A "GROUP" eennot mclude a "FlLE."' - T
A s ! £ ! . .. o ‘o’ :
\\ "FlLE" riuy include (end rf it includes, itincludes completolv)la nrieble numbOr (none, one, or- more) . 5
\ ‘ "GROUPS" "RECORDS" and/or "UNITS." ‘ . g v . <
. "\‘ Yo » .. du ? ? ’ s LC T ' N

... SPACE A normolly non- printmg graphoc cﬁencter uud 16 nplme words. It-Ts also a quout chdncter o
+ which controls the movemem of the:printing poaitlon, one printmg positnoﬂ in the forward dim:tlon. P

PR ¢ Y ; R
o . *
. . ¢ “

CR (Camage Retum)-—Dx*play symbol -« and causes terminal to disconnect fromlme and
‘afid causes printer .to print ‘next’ character at " switches -it from - recexvmg mode to.locil mode.

‘ start of lme, unless option elected not 1o. = Rocexve-only pnnter termmal dxsconnects only )
DLE EOT sequence (Data Lmk Escape, End ) GS (Group Separator)-—stplays symbol Gs e -
, of Transmxssxon)-Dx plays symbols D1 and E'r and switches termmal from recexvmg mode to _
0:"329 oo -
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l/oqal mode, vunless optron elected not to.
" Ignobred by. recerve-only pnnter termmal

3 K

s

.o
L. “

[

Recerpt of ESC
(Esmpe) Sequences

*

£ < feo

" Rectei pt 0 f the folloWlng ESC
(EsCJe)-charaetef sequences cause the
followmg actions’ to ‘be performed, . if the
v termmpl is $0- equxpped and the option’j is: elected
to perform. them. Terminals not. equrpped ornot
elected . to. perform the actrons display’ the,”

quence symbols mstead

- dlsplays the ‘tab symbol (a smallxdot at the

at the cursor location, on that lme only.

* and on all lines below; to the énd of display
vmen.ory

v

_ line and on all hnes below, to the- end of display
memory., )

¢

. - stopson nght -If no. tab setting on nght cursor

unprotected. character follbwmg protected data,
whether on that line.or the next line.

‘8 o,

LY £-

. ESC 7-Moves cursor up, one hne. )

v

ESC B-—Moves cursor down one hne.,

ESC C—Moves cursor rlght one character.

.ESC G-Moves ursor to start of lme

ESC H-Advances drsplay to first: segment
and moves cursor ‘to start’ of ﬁrst line,

x

ESC 3—~Causes characters that follow to be
highlighted. C

JESC Q- (zero) sequenCe-Sets a tab stop and *
lower, left-hand ‘corner. of the character -position):

, ESC 1 sequenee—Sets tab stops and-displays.
tat symbols at.the cursor IOcatron, on that line -

e —

ESC 2 sequence'LClears tab stops from the‘ ’
. cursor location to 'the end of the: line, on. that'

ESC @ seqmnce-—-Moves cursor to first tab .'

.~ -moves-to start- of iext-line. If there is protected—‘
data-en route,tthe cursor ‘stops instead at ‘first.

ESC 4-Causes characters that follow to not
be. hlghhghted

b

Joem v -

- K
¥ S

ESC W Puts terminal m protected data s
mode, during. which all received- data- will be’.
drsplayed as protected data, and- durrng which .
receipt of ESC J will cause protected as well as

S unprotected -data to be cleared.

ESC X—-Removes terminal: from protected
~ data mode ~

':“ o e

-

AR

ESC J-—-Clears all unpmtected data from all
_lines. “below line cursor is on and to the right of
the cursor on’ the lme the cursor is on.

ESC R sequence-Advances drsplay to first
seg'nent “nioves .cursor to start. of ﬁrst‘lrne .and
clears all data from drsplay memory, wliether
. protected or«unprotected and all tab stops

Y s
Transtnission of
ASCIL Controls

. oy
.r
Ce yot

TransmissiOn of the following” - ASCII -
;:ontrols from the terminal cause the following
actxons to be. performed ‘by the terminai:

5 l

ETX (End- of Text)-Halts trmsmrsston and
switches términal from send mode to réceive, or
local mode, depending on option elected, or
does not swrtch mode at all if optron elected not

tO

EOT (End of Transmission)—Halts
transmrssxon and switches' terminal from. send |
mode to receive mode, unless option ‘elected'no_t
- to. .

i3

B -
I3

* 2

‘GS (GrOup Separator)—Halts transmrssron
and swrtches termmalfrom send mode té receive
or local mode, dependrng orni- option elected, or
does not sw1tch mode at all if option elected not
to. L

e

Ky

-FF (Foim Feed)— Halts transmlssron and
switches terminal from send mobde to receive or
local mode, depending on option elected, or’
does not swrtch mode at all if option elected not
to.

]
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Appendlx HI AMERICAN STANDARD CODI: rOR INFORMATION INTERCHANGE (ASCII)
_ 'Emnsmrssron of ESE .. :;' ‘ . o ESC 4—-Follows transmlssron of cach block
: (Escape) Sequences e e of hxghlxghted characters, *

.., N .o
2n . " -

o e - ~ ESC Wr—Precedes transmission-of each block
( ‘Transmission- of -the following ESC - ofprotectedcharacters. e N
. (Escape)—-character séquences can be elécted: to : 8 '
accompany “the- trdnsmlsswn of d<ata stored m - ESC X—Follows transmxssxon of each block
dlsplay memory L o R ot‘protected characters L

.
C - ‘ Cf
B

4 “ >

S .. ESC.0 (zero)— Transmltt\d ahead of

@

2 ESC 3-Precedes transmrssron of each block character at_any location where there ds a tab
of hlghhghtéd-characters-—w © T o o ———— ~stoprsetting:-- R e e e
PN . N . : . o -
3 * ' y:
PN - T > . . . ° : N - v
: . - £ u
- 5 ’ - - ) p > s 4 - ' ES o
1 ‘ \, . R ’ *
., ‘ e -
9 . ¥ - . " v
s » . . = [
. PR T - . ,”’_,_;i A -
. v £ - « .
B ~ n . . . , P
. ° ‘ "o : ’ a
N [
‘. o+ ° ~ LR " ¢
4 ¢ N . - 3
oo ‘ ¢
A “ 4 ¢ * t o v ’
~ < . T, 1
° -“.v\\ v ¥
- R - ‘
M . A * s - i N ~
< : - ’ ' : i ¥ )
< - . . o . »
i . o .
N (.‘ +
2 " A . .
I . o . 3 . o s
< 2 ' 2 ‘ . s . w
- ) ‘: . .
R .y 4
s € h ! :'
» * . v - .
. - . X : \"\ - . .. 331 ) N
A o e _ ——
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e APPENDIX A

DIGITAI. DATA DISTORTION TEST SET AN/USM329(V)

OPERATlNG PROCEDURES R
SECTION I Ad:l) selects thc type of sngnal pattem As

‘ - . shown in figure A4-2 selection of the steady

SIGNAL GENERATOR ! mark (STDY MK) -or steady space (STDY ‘SP)
. signal routes these signals direct to the output

OPERATING DATA

a. CONTROLS AND INDICATORS --The

" controls and. indicators of the signal generator

are shown m figure A4-1 and listed in table

"A4-I

“b. POWER TURN-ON. Power is apphed to
the generator by the POWER switch (18, figure
Ad4-1). Check that POWER lamp (13§ goes on

* when the switchis set:to its ON:posifion. _ .

.....

c. OPERATING PROCEDURES ~The

~operation of the signal generatot is ldrgely

LI

A

s

;..C;,__ﬂ.'_—s;__CSelectxon of output circuit

e e e < e RO RS ——

‘dependent on the- type of signal desired The

signal,“in turn, is determined by the settmgs of
the genegator front ‘panel ‘controls. The front
panel controls, and their-functional rélationskip.
to- the. output signal, are shown in figure A4-2:
Note that for convenience, the diagram is d1v1ded

. intto-fouir- Pparts as Tollows:

g Selectlon of. sngnal pattern
Selection of signal characteristics
Selection of distortion

- ’
P

" NOTE ,
The iplied- sequence and left-to-nght
flow shown in- figure ,A4-2 is for
xllustratlve purposes only. It-does not -
represent: sngnal flow: The. controls-
may be set in any. sequence desired by
“the operator

(DSELECTION OF SIGNAL
PATTERN -The OUTPUT sw1tch (22, flguré

- circuit. Selectlon of CHARACTER irtvolves the .
. MARK/SPACE switches (6 through 11, figure

A4-1), which must be set to the desxred

character; and the CODE LEVEL switch, which

I11ust be set to the .desired unit level The
MESSAGE position selects.the Fox Message
signal pattern, which is avallable in the S-unit.
code, The REVERSALS posm()n selects the
mark-to-space-to-mark reversal pattern.

(2)SELECTION OF Sl(:NAL“
CHARACTERISTICS —Five switches are
involved in setting the: general characteristics of«-
the output signal: the RATE switch (28). the

"TIME BASE switch (23),.the
~ SYNC-START/STOP (Stop Length) switch (27),
and the CHARACTERRELEASE switch (25)

with the associated SINGLE CHARACTER
swntch (24). The RATE s¥witch sets the baud rate

" of the signdl. Th¢ TIME BASE' switch selects
either the internal timing. generator or-an ~

external tiniing signal connectéd to the EXT
TIMING connector, The SXNC-START/STOP

- (Stop Length) switch selects either ‘synchronous.

or start/stop operation with four 6ptions on the
method of sngnal transmxssxon .

- ~' (a)'In.the SINGLE CHAR posmon a
- start/stop Slgnal is released one character at a

time .each time ‘the SINGLE CHARACTER

) switch is pressed

) (b) In the EXT STEP position, a
start/stop signal is released one character at_a
timé each time an.extemal step input is-applied
to the External Step lnput terminals located on.
the rear panel of the sngnal gencrator

o

E3

Pl

: : T3

< 7 A
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Appendlx IV DIGITAL DATA DISTORTION TEST SET AN/USMB"‘)(V) .

OPERATING PROCEDURES .. - L C

N

‘v
E - ’
‘ o1, v,ts
‘ ,@ V
ne L
. - d 3 &
" OISTORTION '
©osELECT
) I A 3 T POwER smw. T
Y o' <
=1: R oN
- ‘ ~ PO, |
o . PR LEveL/ /@! e fext NION.L!\IE? ’JA ]
) L rovl‘a TIMING' & : -
. . e 24 22 zs -:'-’:;g‘l' 015" 2 A 4 16 .
o * L4 - o ;’«l:? -
“ ~ - - »
- Nﬁ M - -~ . .
. .
I e HE - 12 .
- HIBH  LOW mr n'r EXT
LEVEL. LEVEL PULSE  PHASE TIMING S10 CHASSIS - o
OUTPUT-OUTPUT INPUT mrut mrdr "o (L3 - .
.. e
R M
i TS r*-s ns s
- -1 2-3. 48 o°7|slo|xliuuuunw
. . ’ ® -
I ' o N
. |/ A\ et '
-m.\i L,gor ’ LA
\ . \ . . . .
. s , & . . " A > ..M
, \ ’ \'» n )
o ) - 30 - o ;3 - \ a N
. . ° - -
.- , » 31.175

' Figu;o Ad-1 .~Sigi"al¢9émc;a‘tor' eontrfsls and indicators,

' / ) " *
(c) In. the BIT PHASE posxtxoll 5 sthchcs (2 and’ 3) which set the amount in tens

-synchronous signal is phasc-]ockcd‘ with .an

» external bit-phase timing s:gnal to ensure that’

« the signal generator output is synchromzcd ‘with
- ‘the timing generator in the receiving unit.
L (d) In' the’ FREE RUN posxt;on, the
- . _signal (synchronous ‘and .start/stop) is. réleased
. oontmuously without interruption.

(3) SELECTION OF DISTORTION.~The
-amount and. ‘type -of distortion are selcctcd on
three switches. The DISTORTION SELECT
switch (1) selects one-of fi ive types of distortion:
mark-bxas space bias,, switch bxas, mark end, and

> space cnd Refer to figure A4-3 for‘examples of
A "these distortions. The amount of distortion is
‘ selected on thé PERCENT DISTORTION

- and units, respectlvely
(4)SEL'ECTION OF OUTPUT
- CIRCUIT.—The signal generator” provides both
. high and low 1ével outputs. The LOW LEVEL
jack.(15) provides a low-level polar output at +6
volts -established by an internal. power Sllpply
_This Jack and the corrcspcndmg terminals at the
‘rear of the signal generator should be. used for -
* low-level polar output connections. For
high-level' polar and neutra} signals, the HIGH
K LEVEL jack (16) should be used. With the
" HIGH LEVEL OUTPUT switch (19) in the
POLAR position, the output signal available at
the HIGH LEVEL jack is a'+60 volt polar signal
(negative mark). The same signal is also available

333 L,




CQMMUNICATIQNS' TECHNICIAN O 3 & 2

. Table A4-1.—Signal ée\mrat“opcontrols and indicators

-

' FIGURE Ad-1

INDEX MNO,. |  CONTROL OR INDICATOR - FUNCTION
1 'biSTORﬂéN'fSEI;ECT Switch - Selects type of cinstortxon of output test o
. ’ 1 i ,sxg'nal - >
0' S . " "
2 PERCENToDISTOl?I‘ION Selects percent distortion‘in oﬁt"put .
Switch (TENS) R test signal in units of 0 10, 20, 30,
. . : and 40 oy 29" R
-~ ‘:r N ! b\ ’ T b ks
8 . ~ PERCENT*DISTORTION RN | lectsﬂpercent distortion in-output ° |,
. Switch (UNITS, ) test sxgn‘al“in‘units from 0 o 9 R
N ) -
. 4, MARK/¢ SPACE 1 Switch ‘One of a set’of 8 smtcbes xoets first -7
’?Eg' a ’ digit to mark (up); or space (down) )
% ) L i T
5 ° . MARK/SPACE 2 Switch Sets second—dlgitto _mqu or Space . s
& MARK/SPACE 3 Switch |" sets fhird digit to mark or space :
7 MARK/ SPACE 4 Switch | Sets ~fpt=rth>digit to mark or space .|,
. 8 MARK/SPAGE % Switch ° | Sets,fifth digit to mark oF space -
] MARK/ SPACE 6 Switch’ Sets sixth digit:’to mark or space
10 MARK/SPACE 7 Switch  Sets seventh dig'it to' meirk or space
11 " MARK/SPACE 8 Switch - ' Sets eighth digit to- ‘mark or space
12 SIGNAL Indicator Lamp . llluminates to- shqw presence and type
° o R R of signal glows steadily for stéady
, ? ' rk, remains off for steady space.
and blinks for keying sig'nal -
13 POWER Indicator Laap ‘ lllummates when ac power is applied | — *i—
L ) to the signal generator 9 "~ ™ el
14 ‘SIGNAL GRD Jaék c Connector signal'ground P v
15 OUTPUT - LOW LEVEL Connector for low level output signals |
Jack - - .
16. OUTPUT - HIGH LEVEL Connector for high level output signal :
4 Jack '\ ’ - X o oew" ?‘-‘i"d‘ )
17 EXT TIMING Jack Input connector for externa.l timing
, ‘ " signal . .
. 18 POWER Switch A Ac power switch for signal generator, S
jA IY Y - - T — )
\ ’ ' ¢ 31180
¢ 334 e b "
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Appendix IV~ DIGITAL DATA DISTORTION TEST SET AN/USM329(V)
OPERATING PROCEDURES

e

2

A
o . c

%

Table A4-1.~Signal generator controis and indicators-—g:bntinued o

f

| FIGURE A4-1

* INDEX NO. - |

«

* CONTROL OR INDICATOR
" s

FUNCTION

19+ ¢

20

AC FUSES - 1 AMP Fufe -

HIGH LEVEL OUTPUT Switch

o . ! v

. AC FUSES - 1 AMP" Fuse

2

~

OUTPUT Selector Switch .

- LI 1

TIME, BASE Switch

SINGLE CHARACTER
. Pushbuttcp Swit.ch

CHARACTER REDEASE
. Switch

v o7 T

T rOperates inaeonjunction with CHAR-

3~position stlector switch that selects
either polar or neutral sighal circuits

a

_one side of input powerline
l-ampére 255-volt fuse Qonn‘gctea to
one sidé of‘input power line

Selects type of output ‘'signal; In STDY
MK, the output consists of a continu~
- ous.mark signal, In-STDY SP, the

- oufput consists.of a, con.muous‘space

signal. In'CHARACTER, the output
consists;of the 5= to 8-unit character
selected’oh the MARK/SPACE
sthches In MESSAGE, the output
consists. of the Fox: message, In

timing=si’gna1~

[

ACTER RELEASE switch-set to
smGLE CHAR position . ‘

Selects: character release operating' ,
mode. In SINGLE CHAR, thie output
'i8 released ‘as single characters each ..
time the SINGLE CHARACTER. switch
. is pressed. In. EXT STEP;* the output -
is released when-a step- sxgnal is. ap-
plied to the' external step.input con-
nector, - In BIT PHASE, ‘the internal

an external timing reference. In
FREE RUN the output sxgna.l is con~
tmuous

Selects 5-, 6 7—, or 8-unit code
| fevels in eonjunction with the MARK/
SPACE toggle switches

f . ’

i PO

REVERSALS 1:1, the- outeputvconsxsts '
| of alternate ma.rks and spaces

Selects eitaer the internal -or external

timing reference is synchronized with -

l-ampere 250-volt fuse _cormected‘to~ .

1

0
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COMMUNICATIONS TECHNICIAN 0 3 & 2 ° ‘ 0
; .« Table A4-1.—Signal generator {ontrols and indicato;s-—égntinued
" FIGUREM-1]| e N \ .
‘INDEX NO.. | CQNTROL OR I,NDICATOR*‘ - ) FUNCTION .
N . Y - SYNC-START/STOP watch | Selects synchrbnous or start/stop
N (STOP LENGTH) mode. ‘Also selects stop length in
Mk - ‘ start/stop mode
28 | RATE Switch Selects baud rate from 37. 5 to 4800 of -
., . ) | internal time:base- |
B w ’ < . * B ¢ = - ° ) .
29 Power line cord Applxes 115 volts- 60 Hz power to the !
; t . s ) s | unit, >
.5 30 +60V LOGP BAYT fuse Fuses +60V loop battery lire. ‘
: vt o} 81 4 -60V-"LOOP BATT fuse T Fuses'—GOVAIaop-battery_line-L
. ~ 32 *. | .NEUT LOOP fuse ~ Fuses neutral loop ' Ty
P’ X T 7 ’ G ) 1 -
° . 33 - Terminal Block TB1 Provxdes input and output termma-
\ . . . : UOHS . . . s
, 31.180 "9
. '\-". ‘ﬁ. " < \ Cs - ‘ : . -~ >
. B R - .. ) . . - N N - et
. . at the correspondmg high level ‘terminals at thP a. The external timing input signal must be

" rear of the signal- generator With the HIGH 200 times.the desired baud rate. The external
- . LEVEL OUTPUT switch in the NEUTRAL ‘tlmmg input must be a square wave havmg an
position, the -output signal drives an electromc amplitude of 6 volts. o
switch (closed for mark) connected to-the HIGH b. The external step input signal must be a
"LEVEL jack. This jack and. the correSpondmg 12-volt positive-going pulse (-6 to+6 to -6 volts)
, terminals at the rear of ther51gnal generator  ‘at- least 20 milliseconds wide. -

. should. be used-for- ajl neutral outputs and hlgll c. The external bit-phase dnput signal must
level polar outputs, be a square Wwave havmg an amplitude of %6
" (@), The SIGNAL lamp- (12), shown in volts. e

the -output cxrcult goes on whenever the output

of the signal’ generator is-at the mark level and : —
‘ -goes off-whenevetithe signai.is'at the.space level. WARNING
L . Hence, for a steady mark signal; the lamp glows o
;o L steadlly For a steady space signal, the !amp T Observe the followmg precaution : ..
o remains off. And for keymg sxgnals the lamp when connecting the signal generator
S Te : blmks on and off. - . ‘ to -the sxgnal loop 'to preyent voltage s
o o : . o from appearing on the tgst cable tip -
o ) o oo . and pre.«,entmg a shock hagard.
'OPERATING PRECAU,TIONS NI o
C oL ‘ . N A & Polar outputs: ‘Connect test, cable to
‘ e The following summary of operating signal loop before connecting test
precautions and general mformatlon is provxded cable to signal genera;/or (generator o
for use by the operator s . provides loop voltage). S
b frete . . 336 e ‘
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' Appendix IV-DIGITAL :-DATA DISTORTION TEST SET AN/USM329(V) s
.- OPERATING PROCEDURES .

o N
3 , ? , - N . - b ) N i
. ° » . ;'
¢ .1 SELECT SIGNAL PATTERN. 2, SELECT SIGNAL CHARACTERISTICS ..
1 + e, 1 -
* -OuThuUT MARX/SmACE ™™ cODE RATE - - - - - -STOPLENGTH T T " T CHARACTER  siNoLE
_' ' - * LEvEL ¢ SYNC~ START/STOP RELEASE CHARACTER
. sTor ux e - - . - . ] , '
. : P . . ' .
. B - . .8 - .- - LY
JETOY sp "J . - E ey neE sase sTARY/STOP —ofme cm—.-L:_.-, N
— . . s0, . I.0 - e )
CHARAGTEA —+{i 2345678 s1azf oWt 1 1% | EXT STEP
Naersies ) ] DA s N 8 = T —
N T N - .13 T . 8Y ¢—af FREE-RUN =~
© JREVERIACSF ¢ = e e m e e o oo !°:‘ - i’f.._---.._”..c.:-._--- ——— - A, - ¢ .
’ N y 600. == . bt
. P .. 1200, L «
~. * 2400. - _ . -
- o200, ,' €XT TIMINe | ExTeTes mouryd  Lgomsmase vt
A
.. . Cae ) )
L. HESSAQGE OUTPUT AT 8 UNIT GOOC. ONL) . Jo EXTERNAL TiIMING INPUT F‘lﬂl 378 T0 480C SAVO,
. LA SIGNAL MUSTISE 200X @AUD maTE. o -
) 2] 2 exrernar $TEF INPUT MUST 8L PeSITIVE gOINS
. ) PULSE (-6 TO4 € TO-6 YOLTS) AT LEAST 2p M3EC WioE, .
s s s’ » , . . : . .
B -~ - . N B 4 . “\ ¢ N
. . » A " R ~ . . - y
i ~
* o, 4Lt seeeer DISTORTION ‘4. SELECT ouTPUT N S
-4 ‘ﬁ . i . R . . . . . . .
3 i - ‘. rERCENT . . ) .
. '« : oisTomTION . : . -
) . ga:tocn:lonn 1_._4\.___} S outeur . ,.  iow ) ) ° .
- i . tevPoLAR ONLY  © LEvEL
A o . . | zemo .- Y . . -
N Lo RN , 1 [eamxoaag, | ol 6 T 2 . . s
S .. E . _fsract mas 200t b4 |3 - NisH
T e - “lawiYcH etas |+ - : Nt EAL tevee
. - ~.imanx- eno 130 7 - : :
. . . sl [
: « N T T TS B * .
. . 7 . « ® ) —H tl'NAi(. .
72 ’ o ‘ B ) . . b ] . -
- i . . .
. M M - P ~ ! . -
! - - SIONAL LAMP €0ES ON WHEN N
. L. . | < outeur 13 -aT wink Level awo B N
' . ©80ES OFF WHEK OUTPUT IS AT . .
. . . . - CBPACE LEVEL. K
. N . :
" £ . . v ' -7
"
. 31.176
< Figure A&Z;frunctional operation, signal generator, : t
] ‘ ' * - ! . \ 2 .
|- ~Neutral outputs: Connect test cable to - ’ SECTION I
) signal generator before connecting test ~  ANALYZER-OSCILLOSCOPE
- | cable to signal loop (station provides . . R )
-loop voltage). . L , ANALYZER-GSCILLOSCOPE
) R o "OPERATING DATA . .
OPERATOR’S MAINTENANCE ~ , - ,
< : - The following procedures and. instructions .
Maintenance required by the operator is apply to baqth the .analyzer and oscilloscope. If
i limited to replacement of the lamps and fusesin .  the .analyzer is used. without the oscilloscope,
the signal generator, T ¢ the instructions that apply to the oscilloscope
oo ) 1, -~ . . -
L . 337 -
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COMMUNICATIONS TECHNICIAN O 3 & 2 | j

.

.e M/S TRANSITION S/M TRANSITION . _ - R

i = MA RK

G-
CﬂARACTERS)

v ’ 1T r . - - T ‘ UNDISTORTED
o R < _ . : N S . SIBNAL -,
- Birs -—-—'?“” + 3 T4 1 s sTOP smn - . = 570% smci /f
- ..q» - | .. - ) - — . 7 &
. Eﬂ 1 -E E‘m.nxu;s SIAs »f)
L T N B d LY (s/M TRANSITIORS ‘
) i . i . ’ o EARLY)
- I ¥ 01 SPACING BIAS .
) H H ;A {S/M mmsn'lous N
- ’ 1 . A " N 3 i " ’
- . 1
oy . '\ . - !
RN - 1 . H CMARKING END BIAS
g “ i . . ’ . . (M/S TRANSITIONS
N ! - ‘ LATE) .
. o i ’ i .
oy - - - 1 - .
- . K ; A T SPACING END BIAS '
i - ’ : . - (M/S TRANSITIONS P
A e . 1 . EARLY) .
’ —— " Tl ) -
° . by T 1 . - SWITCHING BIAS ’ :
S . 4 (ALTERNATE umxme’ e
.o H AND SPACING 8 -
\ - : Y e SUCCEEDIN )

© . .. CHARAGTER * . ) CHARACTER
. \ N *

NOTE::SHADED AREAS SHOW DISTORTION .[APPROXIMATELY 25%) .

- -
- o ' . ' 31.177
’ Figure ,*4-3.—Examples of telegraph distortion.
- . -
may be disregarded. Separate operation of the (1) On analyzer, set POWER switch (14)
. oscxlloscopc is not.recommended. . to ON; check that POWER lamp (9) goes on.
(2) -Set analyzer controls as follows:
o a. CONTROLS AND INDIGATORS. —The -(a) MODE switch (18) to ‘type of
: controls and mdlcators for the analyzer and signal to be measured.
oscxlloscopc are shown in ﬁgures A4-4 and A4-5 - (b) RATE switch (4) to rate of signal
~and lxsted in tables A4-2 and A4-3. » to be measured.
: ' (c) POLARITY swntch (6) to
o b. ANALYZER-OSCILLOSCOPE polarlty sense of signal ta be measured. '
’ TURN-ON PROCEDURE. —~Perform the @) RESET switch (19) to OFF. -
following procedure to turn on the (e) FILTER switch (8) to OUT. /
analyzer-oscilloscope units: ‘(f) TIME BASE switch-(2) to INT.

o ‘ " 33236
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Figure A4-4.—Analyzer controls and indicato’s,
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@6/é

INTENSITY

?OCU.

’
VERT CENT HORII C!'ﬂ’
| & @ Vﬁ . -
Q I FREE
. (3

If external trmrng srgnal is to be used
m' lieu of intemnal time base .generator
Exr‘ TIMING jack (13) and set TIME
BASE swrtch to EXT.

' A3) On osctlloseOpe, set POWER sthch
. (13, figure A4-5) to ON; check that POWER
lamp (12) goes. on, .

-

controls as required to obtam a clean- centrally
“positioned trace on oscilloscope CRT (l')
. . Ya) INTENSITY control (5):
. (b) SCALE ILLUMINATION (8)
RN * . (c) FOCUS control (4). *
2 © o~ - {d) ASTIGMATISM control (7).

. . ~(e) 'VERT CENT control (3).

.

. () HORIZ.CENT control (6).
T (g) HORIZ GAlN control (9).

; ,ﬂ : (5) Set oscrlloscope controls ‘to 1mtial
] settmgs .

v . (4)Ad;ust followmg oscrlloscbpe.

SCALE IELUN, SWEES- VEANIER

. < A.ﬂ..ATISl 789 !cu

q e L
WTEANAL SwEEP o\-:n_t
MILLISECONDS i

3(!. RANS

i X

’,/ .
% 2 6 iT 6 e 14 13- 18
. “ Ii v . 9 ) - 3 .o , .
‘ "Figure A45.~Oscilloscope controls and indicators, .
’," ) . .”‘, v iy ) . T- ' ; . "~ » .
S NOTE (a) VERT G°A1N oontrol ) to.

nudposxtron

switch (17) to. OFF, - -
(c)INTERNAL SWEEP
MILLISECONDS switch' (ll) to approxrmafe
rate of: srgnal to'be measured..
) (d)’ SWEEP VERNIER eontrol (IO)
to’ midposition.

> (e) TIME BASE RELEASE swttch .

© (16) to’CHAR .- :
() Set INPUT switch (7, figure A4-4): to,

. ‘ggqunred posrtron o

G
A

é“A'U'rmNs .

. Always connect test cable to analyzer i
before connecting test cable-to signal’

(b) INTENSITY MODULATION .

cloop

(7) Connect analyzer 10 srgnal 100p as

Afollows . Lo
< (a) For current.srgnals, connect

. analyZer in series using INPUT LOW Z jack .(I'l).»,

LRy,

5
-
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s | ‘OPERATING PROCEDURES SR
g Tgble:vAé~é.vAmlyzer controls,‘fnd ih&ica?qrs oy ’ N g

i

—|~FIGURE-Ad:4
" INDEX-NO,

_ ‘CONTROL OR INDICATOR - -

*

' EUNCTION

¢

v

" "% DISTORTION Meter §

N

“TIME BASE Switch

7 g
END, M/S TRANS-S/M
TRANS BIAS Switch (M/S-

S/M Switch)

¢
-
Al

RATE Switeh s . .~

DISTORTION SELECT |,
Switch o,
¥ - ,'7 . * s

- e

POLARITY Switch

INPUT'Switeh -
e ’

FILTER Switch :

POWER Inaicatcri“.amp ‘

. SIGNAL GRD'Jack -

_ INPUT - LOW Z dack

. INPUT - HIGH Z Jack ”
| EXT TIMING Jack. © -

| selects either mark-tG-space or space-

|-end distortion and*bias distortion,
T igspegtively .

| of internal time base

| early, andlate for

. j‘respectively. The 20-30.ma4.position -
‘| i5/theé polar current input and the high |
| and:low-level polar positions are the

1" high and low voltage inputs, fespéc-

"up to- 150 baud -

- Input connéctor for current éignals

§ : SR )
. Input connector for all voltage signals

Measures percentage distortion from
0 t0.50 in 1% incérements
,.' ., : 9;'»

<

-nal is connected through EXT TIMING
jagk . " N -

A

4

“to~-mark transitions for a'nalyéis#of
.

Selects baud fate'from 37, 5 o 4800
Selects type pf;éx“sfc}rt’ion (afrefﬁgé or

peaky for-analysis,

, peak distortion
meagﬁremexitgk LR t :

Reveraes ééia;fiif of fnputsxznal
circuits, - The twoneutral positions -
are.ciifrent inputs at 20 and 60 .ma,  ~
“tively

-ard-holes.in input .‘wg.v’eform: Ug,able ’
mumina:t"glsf'\i’iﬁen‘ ;c pou;ep is éppliéd

to.the analyzer - )
Connegt;i‘i"fo_z'fsi‘gxlal 'gi'ouhd !

| Selects either external or'*iniém,al .
{ time base, The.external timing sig- |

""Seiéét’é eithér polaror neutral input - |

' Connects filter used to remove. 'spikes |

b

Input connector for all external timing |
signals. .

. 7 31481

- Also selects total, ‘|

13

;‘9
<
)
AR
v Aoy
Y
. -
R
s
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~
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A /f : COMMUNICATIONS TECHNICIAN O, 3 & 2
‘ie_ i i} Table A4-2.—Analyzer controls.and indicator§—continued. .
; ‘% FIGURE A4-4 L ) ‘ .o s
- : * INDEX NO.' LGONTROL‘OR‘ INDICATOR FUNCTION. .
: 14 POWER Switch Ac power switch for analyzer
, g J.,é“£ ) , 'AC’ FUSES - 1 AMP Fuse ;l‘-ampe‘re 425()"—,vo\lt fuse connected to
~ Lo of v ., o ’ ‘ﬁoneu\éide of input power line ’
g 16. \| . AG-FUSES -1 ANils".Fﬁ;se » l-ampere 250-volt fuse connected to
' A , . 27 ¢ 0 | oné& sxde .of input power lxne X
17 j TRANSITIQN SELEC}I,‘;Sivitch Selects: ‘exther all or 1 of 9 Speufxc
S T I . o transxtions for analysxs and display
18 ‘MODE watcﬁ "Selects sync‘hronous.or,s,tart/ stop
c. A . N . mode. "Also selects 5-; 6~,7-, or
;' h ) . _;:. ‘ . 8" unit COdeS. K N
R 19 RESET Switch . Selects automatic or manual reset of
L o ~o N , output méter. Center posifion is off
o T 20 LATE Indicator Lamp ) llluminates durxng average distortion
o o . : ' . .measurements tp indicaté marking
SN R : . . , end and spacing bias: distortion. ,
- ! . ¢ {e . v . ’
! 21 SIGNAL Indfcator Lamp | Dluminates to-show presence and type |'
© s et e -.of signal,. Glows steadily for steady
S . .t o mark, remains off for steady space,
, Yy . and blinks Io,r keymg signal 0
: ' 22 A E@.ItLY indicawr Lamp ﬂlumxnates When makxngy average dis-
i . - : tortion measurement to indicate. mark-
> ing bias or spacmg end dxstortxon, R
. 23 ' LOW ZINPUT fuse- 1 Fuses low impedance xnput hne
S 24 | 7 SAannector Connector for Analyzervto Oscxllo- .
i . AN o . scope cable.» R : J
' . 25. T Bl terrainal board Provides connectxon for input sxgnals~
' 26 input power, eable: . - Provides for c‘onnect@on of input power
Tl ;« - . ) ¢ - b
d o f u\ o ’ - 31181
. . o » 342 < e . ’
.o 247 A¥ .
SN § .




Appendlx Iv- DIGITAL DATA DISTORTION TEST SET AN/USM329(V)
OPI:RATING PROCEDURES e -

B “
. PN
sty

2

Tﬂeblg A4-3..—-.Oi‘cillosc6pe cpontr\ols andgindic'g"tor;

FIGURE A4-5|

“a

| "INDEX NO. |  CONTROL OR INDICATOR FUNCTION - - °
I 1 Cathode Ray Tube (CRT). Displaysdigi'tal' wiveforms N ?
. ]
2 VERT GAIN Cantrol - Controls height of trace on CRT
3 VERT CENT Control ~Controls vertical posmon of trace on
» ‘CRT -~ . \ L
4 " {'FOCUS Contrql Adjusts- focus (spot sizé) of electron
beam .
5 INTENSITY Contro] ' Adjusts mtensity ‘of trace on cn'r
' 6 HORIZ CENT Control Coptrols. horlzontal position of trace oI
= - - on CRT ) I
7 ASTIGMATISM Control Adjusts nstigmnthm {spot ehape) of -
: electron beam
8" SCALE ILLUMINATION Controls illumuntion of engraved S
Control s . ‘Bcale (gnticule) . 5
9 | + HORIiz GAIN.Control Controle widthrof tnce ou CRT .y
PARY L @ L °
10 SWEEP VERN;ER Control Fme adjustment control of intennl
- “ I Bweep oncﬂlutor ) .
iy INTERNAL SWEEP MILLI: Selec;e one og' qlx~'eWeep ranges
Y SECONDSwaitch
T2 . POWER lndicator Lamp Dluminates when ‘ac power ‘8 applied
:~ o wo |t the oecﬂloneope
13 ‘ pownn sWnch  Ac.power- switch for oacilloecope
‘z
14 AG FUSES -1 A,MP Fuse. .  1-ampere 250-Volt:fuse connected on
Y e, one side‘of input, line
L A‘C FU_Si-:S <1 mA.MP Fuse l-ampere 250. volt: fune connected on
- . P one side of input line -
16 J TIME BASE RELEASE Switch ; Selects eynchronlziaz ‘signal for. \
. e T oecilloscope sweep.. In- CHAR, the -
S, ) < oscilloscope sweep-is triggered for
; e each character,: InSEL TRANS, the
. sweep is triggered for aepnrnte,fnn-
: ~ o Sitions asymessured on'the analyzer,
N In FREE, -no trigger is npplled The
h .l CHAR and:SEL TRANS signals ; are
P . npplied to the. oscillosoope from.the
I . nnnlyzer‘
17 INTENSITY MODULATION B Connects inteneity modulating: eigm.)
. Switch - from analyzer to Z-axis input of

oscllloscope

o

 31.182
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M P . IS

N (b) For voltage 51gnals connect
analyzer across loop using lNPUT HIGH Z jack
2. - .

e X(8) On dnalyzer, check SIG\JAL lamp

S .A»(21)and verify that: =
o o " «+(a)-For steady mark slgnal the lamp

glows steadily.

. . ol (b) For steady space signal, the lamp
.4 . remainscff. .

SR e (c) For ‘keying. signal, the lamp

blinks on.(for marks) and off (for spaces).
. (9) On oscilloscope, wverify presence of
* ° signal on’ CRT. Adjust ‘pscilloscope controls for
. best preséntation of waveform. B
c. pBlAS DISTORTION
) MEASUREMENT —Bias distortion'is the average
dlsplacement of ‘the space- to-maxk transition
from “its <normal -position referred: to the start -
. mark-to-space transition. The distortion'is called
o }markmg bias if the transmon .occurs -early and -
<" . spacing bias if the: transition oceurs late. The .
.~ analyzer is capable of measuring the average’bias .
~.distorfion for the-overall signal’ and.also for,
L s1gna] transitions-(in Start/Stop signals). Measure
Te " bias distortion as follows:
; t (1) Perform turn-on procedure,
(2) Set.analyzer controls as fol ows:
; (a) TRANSITION SELECT switch
(17) to ALL (or'to selected: transxtlons)
“ (b) DISTORTION SELEC’I’ sw1tch
'(5)to AVG. )
- (c) M/S-S/M smtch (3) to. S/M )
L T (3) Observe. % DISTORTION 'meter (1)
and EARLY, LATE, and SIGNAL lamps (22,
. 20, and 21) for followmg
= ’ (a)%\DlSTORTIC)N
. < .meter—indicates-amount- of distortion (average).
. (b) EARLY lamp—if on, indicates
mark bias dlstortxon
(c) LATE lamp- 1f on, mdlcates
space bias distortion. -
{d) SIGNAL lamp—blmks to indicate
that s13nalxskeymg .o
d. END’ DISTORTION
MEASUREMENT.~End distortion is the average
displacement of the mark-to-space transrtxon
from its' normal position referred to the start
mark-to-space transition. The distortion is called
( . spacing end distortion: if the mark-to;space
e 1 transrtron is- early and ‘marking end if the
AR T transmon is late. The analyzer is capable of

344

w!

n-easurmg the average end distortion for the
overall signal ‘and also for smgle transitions (in.

Start[Stop sxgnals) Measure end - distortion_as
follows:
A1) Perform turn-on procedure. <,
(2) Set analyzer contgols as follows

"(a) TRANSITION- SELECT switch -

(17 to ALL (or selected transmon)

. (b) DI STORTION SELECT switch
(5) to AVG. |

v (©) M/S-S/M sw1tch (3)t6 M/S.

3 Observe % DISTORTION meter (l)~

and EARLY LATE and SIGNAL lamps (22
20, and 21) for- followmg -

“(a) % DlSTORTlON
meter—indicates amount of average distortion.

(b) EARLY lamp-if on, mdlcatcs
$pacing end distortion. .
G (c) LATE lamp—if on, indicates

arking end dlStOl’thl‘l -
(d) SIGNAL lamp-blinks to mdxcate
tlllat signaliis keymg

. & PEAK. DISTORTIONI

-MEASUREMENT.~Total peak distortion is the
highest amount of’ dlstortxon that occurs 'on a
.sighal during a -given -perigd.of tlme The

distortion may occur on mark-to- spaee .

transitions or space-to-mark transitions and may
occur éither early or 'late Tlte analyzer is
capable of measuring the total peak distortion,
early peak distortion (both M/S and. S/M) and
late peak dlStOl’thl‘l (both ‘M/S and S/M)..

.

NOTE

LAY
.o

The percent distortion shown on the
% DISTORTION meter represents the -
peak wvalue obtained durmg the”
measuring period. The meter displays
the peak reading mdefimtely until
changed to a higher value or reset to
Zéro by the RESET switch. The
RESET switch offers two options:
~ manual reset mode, in which the
momentary switch must be manually
pressed down to reset the meter; and
the automatic reset mode, in which
the analyzer continuously, resets the
meter at 5second intervals.
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Appendlx IV-DIGITAL DATA DISTORTION TEST SET AN/USM329(V)
o OPERATING PROCEDURES .

EE (I)TOTA'L Pl:AK
MPASUREMENTS -Measure the total peak 4

distortion- -4 lollows* a

(a3 Pérform turn-on procedure.
- (b)y Sét analyzer controls as follows:
- ( 1) TRANSITION /SELECT
switch (17) to ALL (or to selected ‘transition).

. (7)DISTORTION SELECT
sthch to TOTAL. .

(3) RESET switch 19y to AUTO
. if automatic teset feature is desired. Otherw:se,

~ set sw:tch to OFE,

-, (c) Obseive’ % DISTORTION meter
(1) and SIGNAL lamp (21) for following: K

(% DISTORTION
meter—indicates Peak value of dxstortnon

, ) SIGNAL lamp blinks to
mdlcate signal’is keying. -

(2)EARLYPEAK

i DlSTORTlON—Measure early peak distortion

- {peak - markmg ‘bias and peak spacmg end) as .
fOIIOWS e

-~

() Perform tum-on procedure.
(b) Set analyzer controls as follow's’

(D.TRANSITION SELECT
\swnch (19) to ALL (or to selected- transition).

(2)DlSTORTION SELECTJ
swit\cp(s.) toEARLY. .. . -

(3% RESET switch (19) to AUTO
if automatlc reset feature is.desired. Otherwise
set switchto, OFF.

(4). M/S-S/M swntch (3) to either

M/S or S/M depending upon. type of transition

to be measured. Set to' S/M.to' mcasure marking

~bias, M/S to.spacing end.

(c) Observe % DISTORTION meter_

a (1) and SIGNAL lamp+(21) for following:

(D% DISTORTION
meter—indicates.peak value: of marking-bias and
$pacing- end distortion for S/M: or M/S
transitions.

€2) SIGNAL lamp—blinks to .
indicate that signal is keying.

(3)LATE.PEA

DISTORTION.~Measure’ late peak distortion

(peak marking end and peak spacing bias) as

‘follows:

~ t

345

OPE'RATdR’s MAINTENANCE

|

. (a). Perform turn-on- -procedure. -

(b) Set ‘analyzer controls:as follows

~ ")) TRANSITION SEEECT
switch (19) to ALL (or to selected “transition).

switch )] to LATE.

(3) RESET switch (19) to AUTO

if automatic reset feature is.desired. 0therw1se
set-switch to. OFF

(4 M/S SIM sw:tch (3) to éither
M/S or S/M depending upon ‘type of transition
to be measured. Set to-M/S for. markmg end and
S/M for spacing bias. - ~

- (0) Observe % DlSTORTION meter

( l) and SIGNAL lamp (21) for following:
%

meter—indicates peak value of marking’end and

"spacing bias. dxstortxon for M/S or S/M.

transitions,
(2) SIGNAL lamp- blmks to
mdlcate that sngnalas keymg

»

~OPERATING, PRECAUTIONS

The followmg summary: of operatmg
precautions and- gencral information is provided

. for use by the operator:

\s

: * The input. filter of the analyzerxs mable
only ‘up to modulation rates, of. 150 baud. Set
FILTER switch to OUT posmon when operatmg
the.analyzer above J§,0 baud.

b. The external timing input signal to the ‘

analyzer must be 200 times the desired baud
rate. The external timing signal must be a square
wave having an amplitude of 6 volts.

c Use LOW Z connector when ,measunng .
. current sxgnals ¢

-d. "Use HIGH Z conaector when mcasunng

avoltage signals, " .

e. Always connect test cable to analyzer

before connect;ng cable-to signal loop.

[

a

-

r

s “a

“The mamtenance reqmred by the operator is

limited:to- replacement of lamps and fuscs

244 0
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I - . FERATING SIGNAI.S .
t o ow _ '
L . - A Table A5~1 -Operatmg Slg[l’h S ‘ T
: Signel . T Question - R : “ Angwer, u«m,..om'
¥ @ GRK | "What is the readability. of my signls (or-those -THe readabliity of your sigeals {or those of fo__
o7 .ot ny et € Y3 ) —
. ’ QRM | Are you being isterfered ¥ith?. | ~Iam betog isterfored witn,
o | QRO ad‘l‘l increase power? | mccease power.
’ ' QRP hall'l decrense pwor? ) Decreass poni-‘. ,‘ -
% ‘ ) 4 qau llvcyounyﬁh;ﬁorfu? ) ° # lnvanoilutoryw. . ' -
: R , N QA What h tc streagth ol my nlnnll (ot those Thl ntran;th of your nl;uh {or thoes of Yloa
. N ol )? '. . B ¢ tﬂ 5)
- ’ N 1 v . Sull 1 lend & series f Vs Emldlh f:equgncy [Ol' Send a seties of Vs on shis Irequency [or kHz (or
- e o e kHZ (OF NH:)? i MH2)). B . \
: H . s N
, . Q8Y aall lc&nhmmulonumyr «Change to transmigsion on her frequency los on c
, b mqu-cy? . ~ kHz (or MH2)).
* ¢ -
. ZAR R This'ls my . ~nqmu(ornply).{(l)mu.(2)neond,
.- ) i R () third; o1z, , @
. N K ' K " Are you feceiving -ytpuh clear? lam mctvlu your tradlic {(1).cloaz; (2) gasbled].
3 - . *x . i
. ZpK, | wi JOU TEpeEt MOSIAES (or portion Fouoww repetition (ol ) is inade in accordance
: A - . Jror. reruado. - ? wlth your reqdest, R L
. 1 2EC Have you recetved mnp ) ? Munn ={y no% received, (2) ‘unidestified,
: L . ° . g - give bewar Weaiilication daw ).
’ B T This message kas boen deltvared by other means or by a
L e . separats transmisaion (0 the addresses(s) immedistely
. _followiag thh opersting .tpnl et
- . zxx S AR * NI nhhlhookmuduyhdmvnndulaluh
. o . 7 address measage 1o sddressess lor whom you are *
: e re-poulbla. A
) % ZrR P T N © Thismessage (or 3 ) ia.being (or has been)
o] - t passed to you (or- )h ((1) scion, -
R . »  (3) information, (3) comment ]
N < an Is.tere aay’reply to message ? Thcreunonplyumcmo .
, ZIA I R R This ge (of Mmeseag )ubolu(orhubnn)
: . N . pasadd.out of propcr uqucncc olmtlo- setial
S }} aumbers, . R N
- 20 . | Whatwes ol ysur (0 ‘e)numbsr____ 7 |. My (or___'e) ouskber_ ____bad following {(1) date-
‘ . " o (1) date-time group; { z_)ﬁu un-]. . tmé group, (3) SUing time ),
. : F49 4 Are you (0r i8 . ) radio guacd fore— . 1 aom (01 —_is) radic” llll" ‘ot._.an ——kHz !
: . kHz'(or MHDI]? ter MHIL” ,
s ’ ZND ‘| What is suthentication of {w o__ | Authentication (of___)is " (1) message ,
L. . , {3) last trasamiseion, (3) 7 (2) 1ast tranamiseion, (3) - Yoo e
20C R R M(a)cmdmy”mmﬁdnamﬂcr
* . whom you are respossible,
CZON ] et lenthhuum(otuum____’)onbmduu
* indicated by sumersls mxmu.w_(-wm may
B . -be followed by specific besadesst designator) ((3) NSS;
\ EX (3) NPG; (3) NPM; (4) NBA: (5) NPN; (8) NPO; (7) NHY:
. N ® NAM; (9) NAF; (19) NCL; (13) Nb'r]. .
- - *
o0V P R I A N I A I &tmﬂamu‘uwndhcuhmnuucwulum
° correct.routieg for this mou(c rerowted by ..
+ . " #
5 zq: sees s e et essseene e | Afirmative (Yes) ~ -
' ZUG | vvreiniecnenncusarnceannes | Negative (N, :
. ) < . 2 -
v | aut R Your attention is'invised 0 o
T | e eiieeneieeasaes | Smadby
. - * 346 _
{' l. . v “3 2 4 ,.:. . " 3
- LS - o - RN - 1 'D h - - T
ERIC * ' 5 '

£y

°©



-~

~

d

Some of the most commonly used:operating:

L4

DSSCS OPERATING SIGNALS

a

signals are listed-in Appendix V. Rei‘nember ‘that
the Q code is used mtematxonally, and speaks of
“telegrams” where a U.S. Navy communicator
would say “message.”

In addition to operatmg signals whlch are

assigned meanings in the current edition of ACP:

131, the following sxgnals and assigned meanings
. are apthorized for use in DSSCS; however, they
sshould not bé used outs1de the DSSCS

community.
SlGNAL
ZCA

© 7CAl

ZEM

ZNZ]

‘MEANING

This is .an éxact duplxcatc
of a .message which has
been forwarded via
physlcal eans. o~
This is- an exact dup‘hute
of a message which has
beer forwarded via
physical means to__.

Used in,the message format
as a symbol for ‘machine
recognition. of the- start.of
text (SOT).indicator which
prevents the incoming line
sensing device from
reacting to certain machine
sequences- during the
textual portidn of" a
message.

" Originator has indicated

that' this message should be
forwarded without service

<

action on the text at relay '

v s = w x e

347
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' APPENDIX VI

ZPO

" ZRJ

¥

.or addressee stations, as

the information contained
is penshable (For use by
message - onémators on
specific types of fraffic the
text of which is non-literal.
ZNZ], messages will only

be semoed for garbles in

the smessage heading to
msum propcr handlmg )

) The. text of thi§ message is

to be relayed in prec:sely
the. same format as that in

which. it ‘ic received. No )

characters of machine
functions are to-be added,
inserted or deleted afid ‘the

groups -are. to ‘bé retained.

: ,Normally used- on those

messages requxrmg
computer processing.. ZPO
‘messages may be serviced
for obvious garbles in - the
heading u;d text.

Urgent Operatlng
Condition (defined in
ACP-131 as “‘Will you
check your...?). In
DSSCS the operatmg signal

s used to attract the”
oattentxon -of a distant

station. Receipt of ‘this
signal will activate an alarm

at those sfations where -

incoming circuits are
equipped with the model

. g v

" relative positions of the - .




COMMUNICATIONS TECHNICIAN 0 3&2

-

VAR

ZYH

78 printer. To avox'ﬁ
unnecessary alarms, use of

* " this-opérating signal must

be limited to conditions of

Urgency. - - - - -

. Used in-the-message format

as a high precedence

".indicator- whi¢h “activates
an.alarm upon receipt of a_

CRITIC or message
assigned FLASH or
IMMEDIATE precedence

/ I’his~,r\nessgg'e originated by

Navy afloat or ‘Navy
mobile unit. All service
message and retransmission
requests will be addressed

> to the routing mdlcator :

£QIIOW1ng, this Operatmg
signal. (Used Yuring-certain
periods to préclude
_significant delay ‘to service
"requests when thé Naval
afloat units dq not
terminate full period
coOmmunications .either
because of emission

_control orders or_other

Zys

ZZR

,operatlonal facton) ZYO
-will appéar in message *

format line 4, immediately
following the TCC and

“separated by a space,

followed by gsouting

- indicator of the -station to”

whi¢h any, subsequent
service "action. shouLd be
directed. Instructlons for
appheatlon .of ZYO w111 be
i s s ue€ed= by
COMNAV'SECGRU to
cognizant: Naval activities.

‘Do not transmit via

OPINTEL broadcast.

The text of this message
employs a code which
presents a garbled.
appearance -on standard
teletypewrlter equnpm‘mts
apptoxnmate length xs
(1.. 300 .groups; -2

groups; 3. 900 groups)

600

This .dis a voluntary
correction; dtsregard

_ prewous -transhission._

<36
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. . toos
The metric system Was developed by French
scientists in 1790 and was specifically designed
" to be an easily used system of weights and -
measures to benefit science, 1ndustry, and
commerce, The metric system is »Calculated
entirely in powers of 10, so one need not work

- with the various mathematical bases ‘used with

the English system, such as 12 inches to a foot,
3feet to a yard, and 5280 feet'to a,niile.

"The- -system-is based on the “metre” which is
one ten-millionth of the .distance from, the
_Equator to the North Pole. It is possible to
develop worldwide standards from this base of
measurement The metric system of, werghts is -
‘based: on the giam, which is the weight of a
specific guantity of water:

‘Soon after the system was developed i
scientists over the world adopted it and were
able to deal with the mathemat.rcs of their .
experiments more -easily. Thé data and °
particulars of their work could be understood by

' “THE METRIC SYSTEM .

)

With the exception of the Umted States, all

.the industrialized nations of the world: have

adopted the metric system. Even England and
Canada are changing from their traditional

systems of measure. and the metric system will

be almost unrversal by 1980

Although .the metric system has not been
officially legrslated by the Congress, the metric
system is. becommg more: prormnent -in_ this
country. Most automobile - ‘mechanics own somé
metric wrenches to work on foreign cars or
foreign components.in American cars. Almost all
photographic- equipment is built t6 metric
standards. ‘Chemicals and' drugs are usually .sold
in metric quantities, and- “calorie counters® are
using:a metric unit of thermal energy. .

> Because we are a]lxed -with countries who use

the, metric system; .much of our military
rnformatron is'in metric.terms. Military maps-use
meters and. kilometers ‘instead. .of ‘miles, and
mdny weapons are in -metric sizes, such as 7.62

other scientists anywhere in thewotld, ‘,,Duhng_.,_mmTJO~mm«,—~40 -mm;-75-:-mm; and: 155 mm.

the early ' 19th century many European nations
adopted the ‘new systém for ‘engineering ‘and.
commerce. It was possible for thése countriés to

_ trade maiiufactured goods with one another

without worryrng whether it.would be possible
to ‘repair machmery from another .country -
without also buyrng ‘special wrenches and -
measuring tools. Countries could buy and sell
machine tools and other ,sophlstrcated and
Precision machinery without troublesome
modifications or zlterations. It was much easier
‘toteach the metric system, since metres can. be
changed to-kilométres or centimetres with the
movement of a decimal-point, which is roughly
like being able to -convert yards to miles or
inches by addmg zeros and a.decimal instead of,
nlultiplying'hy 1760 or dividing by 3'6.

349
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Interchangc of military equrpment ‘as caused a
mixture of metric and .English measure
equipment since World War I when the -army
adopted the French 75 mm field } gun, and-World
War 1l when the Navy procured:the- Swedrsh 40

“mm Bofors and-the Swiss 20 mm- Oerlrkon heavy

machmeguns

It is inevitable that the ‘United ‘States wili
offrcrally adoptthe metric system. Exactly when
this happens r’and how rapldly the changeover
will depend on economics, since the expense of
retooling our industry and commerce to new
mcasurement‘s will be very great. The cost of

* conversion will be offset by increased earnings.

from selling machmery, and products overseas.
Another benefit is that sc1entrsts -use the metric

\ ..system, but’ ;herr calculatrons now have to be

-3
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translated into English measure to be used by
industry. With adoption of the metric system
ideas can go directly from the drawing board to
.« the assembly line,
The Navy will be usmg the metric system
more during the next few.years. Although you
will find it easicr to solve problems u§mg”tﬁxs
‘ system, at first you will find it difficult to
visualize or to estimate quantltles in unfamiliar
units of meastire. -
., Fortunateiy, many metric units can be
7 related to equivalent units:in the English system.
) The metre, which~is the basic unit, is
‘ approxxmately one-tem.’h -longer than a-yard.
. The basic unit of volume, the litre, is
: L dpproxxmatcly one quart. The gram is the welght
; of a cubic centimeter. or ‘illilitre, of pure
water, and is the basi¢ unit of weight. As a
..common: weight though, the kilogram, or kilo,
which equals the weight .of a litre of water,
weighs 2.2 pounds. The.centimetre is-used where
mould.,use the mch and where we measure
‘by the fluid ounce; the—metmc ¢ system employs
. the. millilitre (inl). For.power measutg-the-metric_
system uses the kilowatt (kW), which is
abproximately 1.3 homsepower.

In terms of dxstance a land mile is
seight-fifths of a kilometre, and a nautical mile is
1.852 kilometres, or nearly 2 kilometres.

_.__.._.A_basic._metric 1 cxpzessmn__of_,pressune is the
kx]ogram pef square centi étre. which is 14.2
psi, nearly 1 atmospht,re of. pressure,

> When working.on forexgn machinery, you
' may notice that your half-inch, three-quarter
inch, and-one-inch wrenches will fit many of the
bolts. These sizes correspond to 13 mm, 19 mm,
and: 26 mm respectively in the metric system,
: and are very popular because they .arg
; . mterchar}geab]e The 13/16-inch spark plug
: wrench, which is standard,in this country, is

M ]

-~

T

mtegd_ed to fit a 20 mm nut.

4 . “«
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. The basic quantities of the metric system are
multiplied or divided by -powers ot 10 to give
other workable values. We cannot easily measure

.machine parts in terms of a metre. so the

3 mlmmetre, or-one-thousandth of a metre is-used.
For véry: firié measure the micron, also called the
micrometre, can be used. It is one~null!onth part
of a métre, or one-thousandth of a millimetre.
For-small weights the milligram, one-thousandth
of a gram is used. All of these mu!txples are
expressed with standard prefixes taken from
Latin: .

.

micro =1/1,000.000 -
milli =1/1,000
centi =1/100

*deci =[/10

*deca =10 .

. Xhecto =100 "
kilo = 1,000
- *myria = lO 000 \

mega = 1,000, 000 .

* Rarely used

——— . )
T ' \
Overthe\rrmew years_the metric system
will become more used by-the Navy as r a5 well-as-by. \M

the- c"xlxan world. You will find-it easy to work
with once you-have mastered- the basic terms, It N
will. be difficult to translate values from our ' ‘
—-—presentﬂyﬁem—twﬂl%meme—syseenrbwmk-—— _
operation will become unnecessary once the new
measurements are totally-adopted. .
" Tables of equivalent English measure and
metric equivalents are-essential when you work
simultaneously with both systems. ‘The table
which follows shows the _equivalent measures. .of
the two systems. The.columns on the left have
the equivalent values which are accurate enough
. for most work, and on the right are the
.* multiples used to convert the values with a high
degree of accuracy. ™ ”

]
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A
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. U.S. CUSTOMARY AND METRIC SYSTEM
o UNITS OF MEASUREMENTS

* IN. FEBRUARY OF 1960, THE u.s. BUREAU OF STANDARDS ANNOUNCED
ITS POLICY TO. THENCEFORTH USE THE. UNITS OF THE- INTERNATIONAL
SYSTEM FOR WEIGHTS AND . MEASURES, REPLACING. WHAT HAD BEEN °
- CALLED THE METRIC SYSTEM THE ABBREVIATION USED FOR THE
- lNTERNATlONAL SYSTEM IS (Sl)

-
,

Moltiples end thnltfphi ‘?uﬂns- | < Sthht -
1 000 000 000 000" = 10'2 "-tera (ter'a) N .:'[
"1 000 000 000,= 10° giga (ji’ga) - 6
1000 000 = 105  mega (meg’a) "
" 1000 = 100 - kilo (ki1'8) K
) 100 = 102 hecto (hek’td) h
T L — : °1,0.‘= 10  deka (dek’a) ' ‘_ da .
| T o deci(des’) 7 d
A _ 0;01 = lp°’ centi "(":;;en'ti) L ¢ T — “w
‘ 0.001 ='10  @illf (mi1'§) Com
0,000 001 = 10 i {nicro (m?'k{-a) 0o ,
. -0.000 000 001 = 10®  nano (nan') : n -

" 0.000 000 000 001 = 102" pico (pé'kb) P
0.000 000 000 000 001 = 10°'* femto (fém’td). £
» ' : .6 .. « ’ )
0.000 000 000 000 000 001 = 1072 .atto (3t'ts) 2
351
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*Multiply By To Obtain ~ Muitiply By To Obtain
| Actes - AT Ares Feet 30.48 Centimeters :
eresT 4047 —Centares—— Feet §-1667—t~Fathoms—
o [Actes | D  Square chairs Feet . 0.3048 | Meters
Acres 43,560 Square Feet Feet per Minute 0.01136 | Miles-per Hour ™ |
. [Acres 4,840 * Square Yards ‘Feet per Second 05921 | Knots
Ares 002471 | Acres + | - Feet per Second 18.288 | Meters.per Minute
Ales. 100 _ Centares Feet per Second 0.6818 | Miles per Hour
Aes 1,076 Square-Feet - - - Furlongs 10 | Chains _
AIQ'S ° 1195 Square Yards Furlongs 660 Feet -
Bairels (US dry) - N 3.281 BUS!\C'S ) Furlongs 40- Rods N
Barels (U. S |lQUld) 4.21 Cubu_: Feet Furfongs 220 Yards
Barrels (U:S., 'Ilquld) 315 (Gallons Gallons (British) 4,5%.1 | Cubic Centimeters | -
> - - |Boad Fest (I'x1'x1') 144 Cubic inches Gatlons (British) ‘01605 | Cubic Feet
‘ Cable lengths (U.S.)- | 120 - Fathoms Gallons (British) 271.214 Cubic Inches
g:: :"::;: Eg;; ;24% ‘ see; Gallons (British)- 1.2008. | Gallons (U.S.) \
n . ards Gallons (British) 4.546 Liters -
"Ceptafies ' 10.76 Square feet Gallons (British) 4 Quarts (British)
b ggnt?est . 1196 Square Yards ¢ Gallons (U.S.) 0.03175 | Barrels (liquid,
entimeters. 0.32937 Inches -~ ' Uu.s.)
| CubicCentimeters 0.06102 | Cubic Inches Gallons (U.S.) 3,785.4 Cubic Centimeters
_ ‘| Chains : 66 _ Feet ‘Gallons (US.) 0.133%68 | Cubic Feet ]
¥ "Chains. 100 " Links Gallons (U.S.) 231 °Cubic Inches )
: ‘Chains 4 T Rods Gallons (U.S.) 0.8327 + | .Gallons (British) |, —>
: | Cubic Feet * 1,728 " Cubic Inches _Gallons (U:S.) 3.785 | Liters
¢ ‘Cubic Feet -0.02832 Cubic Meters , ‘Gallons (U:S.) & Quarts (U:S.)
: - Cubic Feet : 0.03704 Cubic Yards - " grams, 15.43 -Grains o
"] Gubic-Faet 6.229 | Gallons (British) Grams_° 0.001 Kilograms ‘
L~ | Clibic Feet 7.481 Gallons (U.S.) Grams "1,000 Mifligrams T
< *| Cubic Feet 28:316 ‘Liters Grams. 0.03527 | Ounces (avoir-
B Cubic inches: 16.39~ Cubic Centimeters dupois)
e b__].Cubic Inches 0.0005787-f Cubic Feet . Hands 10.16 Centimeters ’
Cubic Inches™ [ ~0:003606- — Gallons (Briish) Hands A Inches
. ‘Gubic Inches - 0.004323 | Gallons sy ~§--Hettares_:__ * 2470 | Acres
o . '} Cubic Inches - . T0.0163 | Liters Hectares' 100 —|-Arese———
“Cubic Meters ) 35.31 Cubic:Feet . Hectoliters 0.1 | Cubic Meters -+ | T
. Cubic Metérs 1.308 Cubic Yards -Hectoliters 26.417 Gallons (U.S.)
. Cubic Yards 2 - Cubic Febt Hectoliters 100 iLiters
, . |Cubic Yards 0.7646 .| Eublc Meters Hogsheads 2 l!?acrrels(Liquld.
' ' Cubic Yards 764.6 | Liters : : L4
i:_fi ., » ! Degrees (C.}+ 17.8 1.8 " Degrees (F.) Hogsheads (U.S.) | 63 ‘Gallons .S,
) “ | Degrees (F.Y-32 . 0.5556 Degrees (C.) Hundredweights 0.508 Quintals (metric}
*| Degiees | 0.01745. | Radians Inches 2 Points
Fathoms ~ 0.00833 |- Cable Lengthd (U, | Inches 6 . 3 ' Picas
1 S) . Inches e | 6 Ems
, Fathoms 5 ) Feet ' . Inches ’ 12 Ens -
' Fathoms 18288 Meters Inches 2.54 Centimeters ,
. » ‘ ’?
L, : v 352 \
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Appendix ‘VII-THE METRIC SYSTEM

A

AN . )
. Multiply . By 1 - To Obtain “Multiply ) By »To Obtain
Inches 00833 |[Feet. I Miles, Nadtical 6076.1 | Feet
-Inches~_ . 1,000 | Mils : 4 Miles, Nautical 72,963 j ‘Iiches
Inches ™. . 00277 |Yards X Miles, Nautical - 1.8532 | - Kilometers
" Inches of Mercury 0.43131 | Pounds per Square’Inch] Miles, Nautical 1,853,2 " Meters
K Tograms ~ | TO0 [Grams Miles, Nautical 11508 |- Miles, Statute
Kilograms N 2.2086 | Pounds (Avoir- Miles, Nautical 1 " | Minutes.of
i i dupois} . “ Latitude
Kiloliters SR Cubic Meters Miles, Nautical 2,026.8 Yards -~
Kiloliters: ~ * | 1308 |Cubic'Yards Miles per Hour ~ ‘88 " Feet per:Minute
* Kiloliters * | 26418 Gallons (U.S.). . * (Statute) , .~ :
. Kilolites « | 1,000 Liters  ° - 1 Miles per Hour > 1467 .| Feet per Second
Kilometers ;[ ° 4557 [CableLengths" | (Statute). ‘ S |
“ Kilometers | 32808  |Fest “Milesper Howr | 08684 | Knots - -’
Kilometers - - "39, 3w Inches T Miles, Statute © 13 Cable Lengths
" Kilometers 1,000 © | Meters ] Miles, Statute | ss0 |, Feet -
. Kiloneters 0.536  |Miles, Nautical ~ | Miles, Statute 8 | Fulogs:
" Kilometers » 0.62137 | Miles, Statute I Miles; Statute 63,360 Inches’ .
-Kilometers: . . 1,093.6 | Yards ‘ Miles, Statute : "1:6093 |  Kilometers -
Knots . L1516 |[Statute Miles per. Miles, Statute - 1,6093 'M,etefs"
- 1 Houf . . _ [ Miles, Statute” . ©0.8689 | Miles; Nautical
. Kno(s ' 1.688 .| Feet per Second - Miles, Statute\ 1,760 Yards
| -Leagues, Nautical 2533 - {Cable Lengths’. _ Millier (See Tons-><_ :
1- Leagues, Nautical 55597 Kilometers 1 Metrig) . “ ‘
o Leagues, Nautical | - ‘| Miles, Nautical - Milliradians \ 205255 Seconds of Arc
- Leagues, Statute - 48280 Y ilometers "~ § Mils | - _ 0001 | Inches
“Leagues, Statute 3 | Miles, Statite, " - F Mynameters C 0] Kilometers®
Links' - ) 1.92 Inches ‘ Ounces (avoirdupois) 2. 3495 ._grams
" Lites , 1,000 |-Cubic Centimeters - 1 Pint (Liguid,.U.S)) ] “Gills (U.S.)
I Liters 61:025 | Cubic Inches  ° -Pint (Liquid, Br.) 4 Gills.(British)
Liters ™~ ] 0:21998 | Gallons (British) Pint (Liguid, Br.). - 0.56825 . Liters
Liters ' 0.26418 | Gallons (U.S.) Pint (Liquid, U.S.). . 0.4732 | Liters
Liters: - | 087199 | Quarts (British), " Pounds (avoirdupois) 7m0 Grains
Liters " 0:908 Quarts’ (U.S., dry) Pounds (avoitdupois) * 453.59. Grams
s Liters ., L0567 ‘| Quarts(Liqid, I Pounds(avoirdupoisy | - -0.453 | _Kilogtams
A . A ) - Pounds (avoirdupois) '16 I Qunces
1 Meters 100 Centimeters . Pounds (avoirdupois) - 212153 Pounds (troy) A4
el -Meters_ 0 1 0001 Kglgmete!s ’ Pounds (troy) . +,0.8229° | Pounds (avoir- I -
Meters | 10336 {Yaids " — —f | | dupois) ,& "
Meters , 3.281.- -| Feet Pounds per. Square Inch 5.03537 ~Inchesof e
Meters ’ " 3937, | lnches 1 . Mercury :
Meters 1000 - [Millimeters | Quart(British) - |° 11365 [ Liters -
 Meters . - 1.09%- | Yards - 1 Quart (British) 2 | Pints (British)
Melers per Minute 00547 | Feet per Second - - Quart (Liquid, U.S.) 0.9463 Liters
Meters per Second . 2.237 | Miles per Hour - § Quart(u.s) .- 2 Pirits (U.S.)
Microns 0001 | Millimeters 1 Quintals (Metric) : 197 Hundredweights
Miles, Nautical . 844, | Cable Lengths ‘T Quintals (Metric) 100 1 Kilograms.
l £y f/*
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j
11 :‘ c, . . . - T :‘ —' - . , ? ) . o
fo T Wltiply By " To Obtain ~ mitiply, By ToObtain
Radians” . 5130 Degrees Square Miles, Statute | 259: | Hectares
i | Rods: . o183 o Fet - _ Squaré Miles, Statute- | 259 | Square Kilometers L
.. | Rods " 4> 725 ° . Links. Square Yards 08362 "| ‘Centares -} |
) + }'Square Centimeters - 0.155 | Squate lnches 4 Squareyads - | 9 Square Feet " -
- | -Square Feet 0.0928 | Centares.  } squarevads | 129 Square Inches
: . |"Squaie.Foet - 929 Square Centimeters Tons (Long) © " 1.016 Metric Tons
- | Square Foat Wy Square Inches Tons (Long) . 2,40 Pounds (Avoit- L
4 » | Squaré.Fest 0111 | | Square Yargs' : o " dipois) -
K | Square Inches - 6452 Square Cantimeters 1, Tons (Metric) 1,000 . Kilograms _
Square.inches . 0.006944 | Souare Feet .. I (Millier) . . : ; SR
Square*Kilometérs 100 Hectares . Tons (Metric) 2,204.6 ‘Pornds _(Avoir-
oy -Square Kilometers -0.361 Square Miles (Millier) -dupois), i
L , ' . . (Statute) Tons (Short) 0.9072 | Metric Tons
Square Meters/(See | : ~Tons (Short) 2,000 - Pounds (Avoir-
L e | Centares) . . a B : © |, “dupois) ,
» ] Square Miles, Statute | <640 Acres il Yards 8144 Centimeters ,
v | Square Miles, Statute | 25,900 Ares « 8 Yards. 09144 | Meters \
2 : ' ‘ | WA
Y . é’ «
3 ;
; N '0 . ‘ ° k ; £
: fa ¥ Ve, ;
T y 4
! £~y T - F ,
" 2():3 o -+ e ) ', t
"‘ 4 ¢ - v‘j.z;»,. R
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ANDEX © ¢ ’
L e - - ‘ .. . < 2
A Yo Address desxgnators, 223-226 -
' . o R address groups, 225 '
e ° "0 call signsy 224
PP ‘ AN/ FGC-59 teletypewriter -qmpments, 192 plam language address .
s AN/FGR-10, 11; high speed tape, punch, 20} . . designators, 223 o .3
- AN/FGT-7, 8, 9;-master-and slave-high. speed . routing indicators, 223 o . .
T * tape header, 200 : e, Address groups, 225, . -

telety pewriter set, 181 .
‘AN/UGC-49 keyboard, 185  © -
AN/UGC-49,-operating the, 188 °

, AN/UGC-50, .teceivc-only (RO) -

AN/UGC-49, automatic send~rece1ve (ASR)

o, Adtmmstratxon and opérational responsxbxlzty,

commumcatnons dmsxon, 274-292 R
Advanceinent 4-11. . ‘ ]
c;reer development and
-opportunities, 10

+

mterchange, 216, 326-331
_ AUTODIN/DSSCS mtegratlon, 193-195

e ", error'detection; 195 t
- B input/output- devices, 195 |
C .~ mechanization by-programming, 194
s 7o« message-precedence, 195 .

: message’ tracing, 195

system compatibility, - 195

. AUTODIN: network,.194 :

Additional:model 28 units, 190:192

keyboard serid-receive (KSR)
telqtypewnter set, 190 -

recenve~only (RO) teletypewriter
set AN/ UGC-¥0, 191 :

ASCII Am-ncan standard code for mf ornation

teletypewnter set; 191 | .
AN/UGC-51, teletypewnter set, 191 :gx :g g:::,lgc tt'(::r’ 45_10
. AN/URA-} 7 frequency-shift converter . : ‘ ’
v front panel controls, 323 ‘ ' Adyvisories, communications, 240 | . -
" AN/URA-17C;.converter. comparator group, Atrosol dispensers, 306 S .
operating procedures, 323-325. Air filters, mairitaining, 295 LT
AN/USM 329(V), operating procedures, Alignment; teletype memg:;§47-253 . A
diital; aatrdlsromon‘teﬂ — All:ships-present-messages; 239 S
set, 332-345 - . o Allied: communications,:67 o

Allowances, 269 -~ .

- Altemate routing, 244 - : A

Amencan standard code for, mfomutxon
“exchange (ASCII), 168; 216

American standard code for information
interchange (ASCII), Appendxx 111,
326-331 -

Amplifying-and contact reports, 238

Amplitude modulated (AM) transmitter, 134

Analyzer controls and indicdtors, 339 |

B \-—Abbrevxated plamdress,.zgﬁﬂ_;ﬁ__m_m ' Analyzer-oscilloscope; 337 L :
« ° Accident.prevention and safety, Z98 - analyzer-oscilloscope operatmr S e e
- " . - Accuracy,real-time clock,.280 data, 337-345 . . , ) Iy
B © . Action, tracer, 289-291 - _ operator’s maintenance, 345 . st

operating precautions, 345
Antennas, 117-132 .
 basic types of antennas, 120 -
common configurations, 121-132
eiectromagnetxc g/ave motlon, 118

L e v
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N ‘ An‘ténnas-continued. ‘ "B, B
N . ppolarization; 1.19 - ‘ . 283
N ‘ transmission lme 120 ~ o o s
RN -Antenna pattemn. spm-stabﬂlzed Background lnvestlg’atlonv(BI), 38—40
S\ satellite; 95 .- Backlogs, 279 . -

o " Antennas and wave propagation, 107-132

_ Appendix.l,recejver.R-390A/URR -
s . opcratlng procedures, 320-322 , .
3 : \Appendlx II, converter comparatot
: RN group AN/URA-17C opefating |
procedures, 323-325
. Appendix I1I, american standard codé for
) 1nformatlon iriterchange (ASCII), 326-331
o Appgndxx 1V, digital data-distortion test -
sét-AN/USM- 329(V) operating"

. . 6rocedures, 332-345 o
.. .. Appendix'V, operating sxgnals, 346

‘ . Appendix VI DSSCS operating ‘

. ‘.. ' signals, 347-348 - L

Lo Artificial réspiration, 313-316 °

- Assoclated termmalfeqmpment 198-”02
. -common control.unit'
E T C-81 20(P)/G,; 198
f - high:speed, tape punch " -

Ll AN/FGR~10 1, 201 N >
T . line printer T'I‘-558/G 199 v
A _master and slaye hmh speed_tape

Back-pressure . ann-hft method 31 5

' Bandwidth and’ sxdebands, 83

‘Basic message. tormat, 231:233
ending, 233 " ‘

heading, 231233 et

separation, 233

Basic radio commumoatlon system, 107 °

. Basic. satellite commumcatxon ‘

system,;91 .
Bias dxsiortlon, K71 -

. Biological effects of, nucrowave

electromagnetlc energy, 307

Blank, the'message, 220-223
- Blank patch panegl; 163"

Book message, 219

Broadcast file, 284 .

Built-in dxagnostlcs, 216

Burns, 317 :

[

u

reader, (AN/FGT-7 8 9), 200
o ‘telety pe adaptor module (TAM), 199
ce ‘ 'teletypewnter control-unit .

coy ’ arid tele typewriter- ¢ontyol -
unit (overseas) C-7050/G 199

Audible. tone, 215
_Audio dlstrlbutxon, 153-155
receiver transfer switchboard, 154

transmitter transfer . -
. a ) switchboard, 154 -
"+ Audiofrequency landlines, 87
‘ Audio patch panel, 165 ¢
T ~-YAutomated-message-preparation, 291 .

Automated telecommunications center, 291
« aLitomated message - :
-" preparation, 291 ) L
message processing and

distribution system
(MPDS), 291

: e Automatlc send-receive (ASR) )

S v, teletypewriter set AN/UGC-49, 181.

BTV (CONUS) western union 12008A ‘i -

° Authonzed personnel only, 302 .

“Call signs, 224

-~ 356

C-8120(P)/G common control unit, 198
CTO (communications technician O)
ratlng, 1-12
Carriér characteristics, 80- 82 ? 7
«Carrier distortion, 172 .
‘Cathode-ray tubes, 307 . -
Censorship, personal, 20-22
Characteristic dxstortlon L7l
Check, security, 280
Chief, communication, 276 .
Circuit breakers, operating, 303
Clrcult degradation and failures, 279
Circuit-performance. log, 176.:~ ' _
Circuit status, 177 = »
Circuits‘and leased lines, 87:89
Classes of messages, 218 -
(lassification and, declassnﬁcatlon 17
. confidential, 18"
doxvngradlng and ",
" decldssification, 18 ° .
secrét 18
_ topsecret, 17

e




. Classification, security, 234238 ey Commumcatlons dmsxon-cc")tmued

‘Cleaning electronic equipment, 294 T communications watch officer (CWO), 278
. maintaining air-filtérs, 295, . g ." fdcilitiés control, 277 . .
“Cleaning solvents, 305 I methods aiid results (M&R);,277
Cleanlingss and up-keep of spaces, 28] - — *aﬂung-secaen;—z—?é———,‘
€learances, security, 3840 o ’ ] widtch section supervisof; 278
- Clerk, communication, 276 . . L Commumcatlons dmsxon admlmstratxon and
;iCode content mdlcator, 252 TR operatlonal resp0n51b1hty, 274-292
- _Codes identifier, commumcatlon . Commiinications'improvement
+ action, 251. i : memorandums, 267
. "Codress, 247 . . Communications, mtz:oductlon to- nava1 54- 67
Collectxve routing indicators, 243 . Commumcatlons logs:and. records, 282
Command and support programs, - “+_ ‘monitor rolls'and circuit logs, 283
. office c;f' 55 . > . personal'signs, 282 . K
* Comniand.tfaining program,. 52 supervxsor log, 282" o
Command- vulnerability, évaluation of, 42 Communications officer, 274- 276
. Common controlunit C-8120(P)/6, 198 Commumcatluns, satellite, 90—106
Comrnumcatlon dctlon identifier Commumcatlons system, defense, 65
codes. 251 ° : . Commumcatxons technician rating, 2'.
,Commumcatlon basms 68 89 .- ) Commumcatlons, US naval 54.
Communijcation center. and cryptocenter Commumcatxons watch officer: (CWO), 278
" files, 283 . Compatibility, system, 195.
Commumcatlon clerk, 276 ' Components description of major, 182-188.
Commumcanon dwmon -organization, 275 Confidential, 18 .
L("ommumwtlon chiet, 276 - L _ Conical monopole antenna, 125
C omipunication links, 76-79 T B ’ Console, operator, 206-210
.~ modes.of operation, 76. ) " Consolidation of files, 284 , .
- switched networks, 77:79 "Contact and amphfymg reports, 238 . .
.Communication organization, fleet, 61-63 Content indicator-cod¢, 252 o
Commumcatlon prmcnples 55 - o Continuous wave (CW) transmitter, 133

Control, facilities, 277

Control:log, master facilities, 176

Control operations, facxhtles, 152-180
Controls and mdlcators, analyzer, 339 »
‘Controls and mdlcators, oscilloscope, 340
Controls and" mdicators -signal

Commumcatlon publlcatlons, 268-?73
allowances, 269 )
famlllarlty in usage, 27z
naval-warfare-publication

library (NWPL), 269-272
types of publications, 268

‘Communication system, basic radin, 107 generator, 333" ' o
Communication satellite system ' gontrols, spx?-ssstagl;zed satellite, 96 R
+ description, 91-96 " o“nvggsrlr:);;larator-convertcr group.
Commanication sste desripion. 152 . RRURATIG 185457
. : o .= « frequency-shift system, 155
Communication transmitters and Converter, comparator group AN/URA-17C
receivers, 133-151. . operating procedures, Appendrx II,
Comimunications$ advisories, 240 o - 323-325. e S
‘Commuiiications agency, defense, 64 \ * Critic messages, 238.
Cbmn;umcatnons, allied, 67 < Cryptocentcr files and communication
Conmumcanons division, the, 274278 -~ center, 283
commumcatlons chief, 276 Cryptographic equipment, 165
- communications: clerk 276 - . Cryptographic equipmentdestroyers
. -communications ofﬁcer 274276 - - MIA2/M2A1 49 ‘
. 357
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. CWO, communications-watch- otﬁcer, 278
. Cychc dlStOI‘thl‘l, 17 l

aAo

LT D

D.c: distribution, 160-167
audio patch panel, 165

. . X black.patch panel,-163

; ’ . . cryptographic equipment, 165

‘ dc-patchi .panel bays, 162,

, o _ distribution-frames, 161

sy miscellaneous details, 1164

' modulator/demodulator-

. -(MODEM), 165 .

A patch.cords, 164. . p

g " patching facilities, 162 :
-red patéh panel, 166

DCS AUTODIN & DSSCS, prepared for format

,- as mappears in message copy, 266 .

. * DSSCS message format, 260-265
- S internal data distribution
P Do +facility (IDDF), 260 .
o fessage examples, 263-265
. plaindress message, 261-263.
DSSCS operating signals, Appendlx
‘IL” ‘1/1‘7 'IAO
. “Data, preparing, 212- 214 o e
- Data, protected, 215 ~
- Data, tabulat, preparing, 214
X < -Data terminals, model 40, 326
tL Date-time groups, 226-228
* Declassification and classxﬁcatlon I
: mfense communications agency, 64
Defense communlcatlon satellite
» program (DCSP), 90 -~

Def‘ense communications system,.65 -

.

%

system (DSCS) PHASE 11, 90 .
"Delay distortion, 172
Delay, inordinate, 290
Delivery. of incomplete text, 286-288
“Description of commufication
satellite system, 91-96
: , . orbit descriptions, 91-93
L "+ 7, satellite characteristits, 93-96
: ’ : Descnptxon of communication
system, 152 )
Description of major components 182-188
Desngnators address, 223-226

-

o

Defense satellite communication e

.

—”"——'—covrdmatmr’l‘l'?‘wﬁ

Destruction, bill. emergency, 45
Destruction devices stowage, 5% -
Destruction,-metallic and non-metallxc, D
table 3-1;52 . . .
Dcstrucuon pnonty, 44,45
Destruction program, emergency, 45
Detection, error, 195.
Devices, iniput/output, 1935
Diagnostics, -built-in, 216
Dlgltil data distortion test set
AN/USM 329(V) 1&2,175

Digital data distortion test set
AN/USM 329(V) operating procedures,
Appendix 1V, 332-345
" operator’s maintenance, 337
operating precautions, 336
sighal generator operating
"data, 332-336
Digital signals, 167
Direct current (D-C) landlines, 87

«Direct current teletypewnter
- circuits, 169
" neutral operation, 169
polar operation, 169
Dispensers, aerosol, 306
‘Distant: statlon/control agency

J

246 -

o/

_ Distortion, signal; 170-173

- Distribution: frames, 161

‘Dlstortlon telegraph,-examples of,'338
Dlstnbutxon audio, 153-155

k]

Division,.communications, the, 274-278
Doctrine, routing, 241-244 -
‘Downgrading and declassification, 18

_Duct effect in high-frequency o

-transmission, 1135 - 0
Ducting; 114

~ Dummy antennas, 141~

358

'Earth terminal charactenstlcs, 96 103

/

satellite acquisition and -
trackmg, 98-103
Electric shock, 300
rescue of vnctlms, 390
symptoms-of- electfic shogk, 300
Electric shock, resuscitation for, 310-313

-
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Electrical fires, 316-319
burns.'317
_portable fire extinguishers, 316
Electrical telecommumcatnons, 58-70
Electrical -tools and equipment, portable, 304

 Electromagnetic radiation,.307-310

biological effécts of imicérowave
electromagnetic energy, 307
hazards ofselectromagnetic '
. radiation to ordnance .
(HERO), 308
lugh voltage warning signs, 309
radio frequency radiation’
hazard warning signs, 309
warning signs and posters, 309
Electromagnetic wave motion, 118
Electromagnetic wave, various components
of a propagated, 107-109 ' og
Electronic equipmernit, cleaning, 294
Elliptical satellite-orbit, 92 ) N

+

. Emergency destruction actions unique

‘o NAVSI:CGRU overseas activities, 45-53
available.emergency- destruction
devices, 45-51
.+ command training-program, 52
emergency destruction bill, 45
emeggency destruction program, 45
matenals and equipments to

15
3

Ending, 233-
Enemy. espionage. 15-17
data desired by the enemy, 15
proof.of enemy success, 16
Energized circuits, gepair of, 302
Energized electronic equipment, 302

Enlisted rating structure, 1 ) .

naval enlisted 0ccupational
classification system
(NEOCS); 1 .
Equipment, end’ terminal, 181-217
Equipment,. enérgnzed electronic, 302
Equipment failures, 279
Equipment and materials, hazardous, 305-307

- Error detectiof, 195

Errors, format, 265-267, - .
Essentlals of multlplexmg, 157160 . -
- frequency division multiplex- .
terininals, AN/FCC-69/70, 160
frequency dmsmn multiplexing
“and demultxplexmg, 159-
time division multiplexing and
demultiplexing, 158
Examples, message, 257, 263-265
Examples, of telegraph. distortion, 338

T F

be-destroyed-46

a

priority of destruction, 44,45
safety; 52 .
stowage. of destruction. devnces 51
Emergency planning for the protection
- of classified . material, 41-53° -
emergency plans, 41
establishing measures-and
. procedures, 42
evaluation.of command
vulnerability, 42
types of emergencies, 4245
Emery clothand steelwool, use of, 304
End-of-message validation, 253
End terminal.devices, 167-169
american staridard code for
_ information interchange
- -CASCI); 168 -~ - - - -
digital signals, 167 T
international telegraph alphabet
no. 2 (ITA2)five umt
. code, 167
_End tcrmmal equipment, 181-217

’u

o .

Facilities control operations, 152-180

Facts verifying, 288

Fading, 114

Failures, and circuit degradation, 279

Failures, equxpment 279

Fzmiliarity-in usage, 272 .

Fiberglass-insulated. and. fungus- -
proofed wires, 306

File, broadcast, 284

.

-Flle general-message, 283

Files, consohdatlon of, 284"~
Files,,message, 283

Films, training, 12

Fire extinguishers, portable, 3 16

Fires, electrical, 316-319

Fleet communication.organization, 61-63

' _Format; -basic.message, 231-233
. Format errors, 255-267

communications improvement o
memorandums, 267 :
improper transmission
practices, 265 .

Facilitiescontrol;277 -
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" Formulation of routing indjcators, 241-243 = = General-safety precautions and

- Forms-of message, 246 — - —————policies-continued— ~ T
abbreviated plaindress, 246 X energized electronic .
. codress, 247 i ' -equipment, 302 - °
. ¢ plaindress, ?.46 - ' _interual shocks are : ‘
* -For-official.use only,. (FOUO), 19 ) forbidden, 301 . o o o
,Fortultous'ﬂlsfbrtlon, 171 » operating circuit-breakers, 303 S
Forward propagation by trospospheric- - operatmg power switches, 303
" scatter, 115-117 o ' ‘Tepair-of energized .
¢ Frames, distribution, 161 . o circuits, 302
Frequency bands, 71 " rubber floor matting, 301 | '
Frequency bandwidth and radio ' tagging of open switches, 303
fréquency-ISB channel, 85 . use of steelwool, and
Erequency division multiplex- termmals . emery cloth, 304 . .
AN/FCC-69/70 160 Ground wave, 108 o .
Frequen(:y\dwrsion multiplexing and . Groyps, address, 225 ‘
demultiplexing, 159 o TP . . H ) ~
Frequency -modulated (FM) trdnsmltter, 135 ’ ' . . Co.
Frequency multlphcatlon and- . oo - ? N
harmonics, 135-137 - . - . HERO, hazards of electromagnetic "o
‘Frequengy selection, 117 ’ T radiation to ordnance, 308
frequency plans 117 - HF communications, 74
; \ frequency predictions, 117 + Half-wave (hertz) antenna, 121 .-
: "o  oblique ionospheric sounder - Harmonics and frequency multiplication, “*) .
N - - receiver AN/UPR-2, 117 oo 1354137 '/
Frequency-shift converters, monitor C Hazardous equipment and materials, 305-3Q7 . __ . . _ .
oscilloscope-patterns;323<325 ) = 7T aerosol dispensers, 306 . .
Frequency:shift:system, 155 - . : ) ¢athode-ray tubes, 307 .
Frequency spectrum; radio, 71-76 B . cleaning solvents, 305 ,
Front pdnel controls,AN/URA-17 » " fungus-proofed and. ﬁberglass- . - .
’ frequency-shift converter, 323 oo insulated wires, 306 ) N
Front panel of R-390A/URR, 321 " Hazards of electromagnétic , .
Functional operation, signal generator, 337 radiation to ordnance (HERO), 308
Fungus-proofed and fiberglass-insulated - . Heading, 231-233
wires, 306 Headphones anikmicrophones, .
Future satelhte c.ommumcatlons, 105 » maintaining, 298
e High speed, moije I DSSCS, .términal )
. g : configurations, 196 - “
G " . High speed tape punch AN/FGR-IO 11, 70!
. ' —_— High voltage warning signs; 309 -
g s ) Horizontal-vertical-polarization, 119
" General message, 220 . PR . Hydro messages, 239. -
General message file, 283 :
: General operations, 278 : ‘ C e I
.-~ ,- ... 'backlogs, 279 ' T
- circuit degradatjon and farlures, 279 ) ' ’
. equipment failures, 279 .. IDDF, internal data drstrrbutron
« . General safety precautions and policies, : facility, 260 - .
301-304 . Identification; transmission, 247
authorized personnel o Identifier codes, communication : J
- * only, 302¢ . action, 251 -
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+ Hlumination from a synchronous . 0 Keyboard sénd-receive (KSR)

satellite, 93. -+ - . teletypewriter set, 190 g S,
- Improper transmission nra(‘hm:c 76< u o
Inclined satellitg orbit, 93 . N : . . ) L "
- *Incoming messages, '284 288 - - ¢ » : -
delivery of incomplete L , o ‘ o
text, 286-288 ‘ 'LF communication, 73 ol o
) . internal routing:afloat;, 284 ¢ Landlines, 87-89° . o
. —. - internal routing-ashore, 285 . audiofrequericy landlines,- 87 : 29 L
references, 285 a - -leas&d lines and circuits, 87-89 -
Indicators, collective routing, 243" ' .. Limited distribution, (LIMDIS), 19 -
Indicators, routing, 223 . ’ ane printer 'IT-558/G 199 T

e

Indicators, routing formulatlon of, 241 -243 2 I..lnks, communication, 76-79

Inordjnate delay, 290 Local operation, (KD ‘& KDP), 205 -

Input/output devices, 195 .- T . Lnog periodic antenna, 129 1
Integration AUTODIN/DSSCS,,193-195 . Log, supervisor, 282 * < . 3
‘Intentional shocks are forbidden, 301 ' Long messages, 259, 264 . ot
Internal data distribution facﬂlty o Long wire antenna, 125: *
. (IDDF),.260 " T . Low and high band monopole: antenna, 132 )
lntemal routing aflcat, 284 Low speed mode-, terminal I .
Internal routing ashore, 285 . donfiguration, 196 .
International-telegraph alphabet Low-speed, mode II, 197 e K
no. 2 (ITA2) five unit : _Lubrication,.295 ; ° e -
-code, 167 % : n ) o : o .
Intematxonal treaty organizations, 19 . ; M. LT
Introduction to naval:communications, 54-67 - . : i S et .
‘Introduction to the teletypewriter, 181-J90 * | MF communication, 73 . . . . .
automatic send-receive (ASR), ot MPDS message processmg and i ‘
telety pewriter set : : distribution system, 291 - e
AN/UGC49, 181 ) e M&R, imethods‘and results, 277
description of major - Maintaining air filters, 295 -
components,.182-188 ) " Maintaining headphones, and .
operating the. AN/UGC-49 188 : ‘microphones, 298 "
Inventory, watch-to-watch, 280 ’ Mamtenancc, operato?’s a -
Inverted coné antenna, 126 ‘ . emergency, 296 . . B
lonosphere, 109-115 ) s . ' Maxntenance, ‘preventive, 293 .
" ducting, 114 : . . Maintenance, preventive,
effect of ionosphere on the teletypewriter, 295-297 a
sky wave, 111 . . Maintenance, preventive typewriter, 297 '
fading, 114 S ’ _ Maintenance-and safety, 293-319 =
.multiple-hop transmission, 113 . - Major charactensncs of . . - .
sky wave propagationy 112 . NBS radio stations, 281 )
' strutture of 1onosphere,'l 10 N Marking requirements, I9 B , .
Ionosplieric sounder receiver oo marking identification, 20 A R
AN/UPR-2, obhque 117 CooE ' markings-on méssages, 20. A .
~ ) ! uﬂes,‘subjects;and g e . :
K ' o . ¢ paragraphs, 20 - d )
) =3 S Markings, special,. 18 - :
KD and KDP, local operations, 205 o Master facilities control log, 176
, KSR, keyboard serid-réceive - B Master and slave high speed tape  _
telety pewriter set, 190 - . 0 ‘header (AN/FGT-7,8 ,9), 200




A e s e adhl e

COMMUNICATIONS TECX-LNICIAN 03&2

TR

" . Matting, rubber floor, 301,

Mechanization by programmmg,el%

Mentorandums, commumcatxons
improvement, 267 °

Message -alignment, teletype, L
247-253 e e

Message, 195 218 220-223, 23f-233 )
2338 239 246 248-254, 257 <oy

259-265, 283-291
automated- ﬁreparanon, 291
‘blank, 220-223~
schematic diagram of °
« cqontent, 254
examples, 257, 263-265 .
files, 283 "\
“  broadcast file, 284 '
. communication center
.and cryptocenter
" files, 283" -
* .consolidation of*
files, 284 . .
' ‘a‘ general file, 283

LI

* format, basic, 231-233 - -

format, DSSCS 260-265 A
. forms, 246 ,
general, file, 283 ' 2
header, 248-253 )
header, teletypewnter, 249
-nondelivered, 290 :
. -plaindress, 257, 261-263
N :precedence, 19s- - , -
processmg and. dxstnbutxon
. system (MPDS), 291 .
release/pickup authorization, 289
* . tracing, 195 ‘ .

Messages 218, 219 226-228, 238-240; s
258, 259, 264, 284-288 et
all ships present, 239 ‘ ’
clakses, 218 to

.+ & critic, 238 i

’ hydro, 239 e )
"incoming, 284-288 T
long,.259, 264 o

. minimize, 239,

- multiple page, 258
outgoing, 288 . ° ,
.Q, 239 .
red’ cross, 219 ) “
service, 238 e .
'special-purpose, 238-240

N - -

Messages-contmued
time in, 226-228 N
types, 219 L,
Metailic and. non-metallic destruction,
table 3:1, 52 N -

Methods and results (M&R), 277
Microphores and headphones,
. maintaining, 298 .
‘Migrowave electromagnetic
energy, biological effects of, 307
Microwave transmission, 86
Military services, US., 66
Minimize messages, 239
- Mode 1, 195-197, 245
DSSCS high speed terminal .
configurations, 196 .
‘low speed terminal .
.configuration, 196 s
terminals, 195-197
Mode II low speed, 197, 245
Mode 111, 246 -
Mode'1V, 246
Mode V,:197, 246
operation, 197
. terminals, 197
Mode! 28, additional units, 190-192
Model 40, 202-216, 326
. data tpmunals 326
* .one line terminal -
controls, 326
.« teletypewriter -
| equipment, 202- 216
audible tone, 215
introduction, 203-205
local operation e o
(KD & KDP), 205
operator console, 206-210
preparmg data, 212-214 )
preparing tabular )
~ data, 214 ,
printer operation, 210
protected data, 215
receive only page
¢ . printer operation, 211
terminal vocabulary, 215
Modes, system operational, 245 .
Modulator/demodulator (MODEM), 165
- Modulation introduction, 82, -
Monitor rolls and circtiit logs, 283
* Monitor oscilloscope patterns-for
~ frequency shift converters, 325

o

o

362

261 °

e ¥

o g T T

AN




INDEX

Monopole dntenna low and hlgh band 13’7
_ Mouth-to-mouth respiration for adults, 314
Movement-reports, 239 “at
Multiple address, 219 )
Multiple-hop transmission, Y13
Multiple page messages, 258 |
Multiplexing.essentials, 157-160
Multiplication, harmonics and

frequency, 135:137

N-

NAVSECGRU indoctrination and
< debriefing, 40

NBS radio stations, ‘major

" characteristics, 281

"NWPL, naval warfare pubhcatlon
library, 269-272-

National-agency check and i mqulry
‘(NACI), 38 .

National agency- check (NAC), 38

« National communicatjons system .
(NCS), 64 ° e

National security agency/central
security service- (NSA/CSS),

Naval commuiiication-organization, 61»63

Naval communications,

. introduction to, 54-67

Naval communications rmssmn 54

Naval communijcations, U.S., 54

Navalenlisted occupational

" classification system.
(NEOCS), 1

Naval ‘warfare pubhcatzon library
(NWPL), 269-272

* Networks, switched, 77-79

No foreign dissemination (NOFORN); 19

Nondelivered message, 290

Notice to airmen, 239

~
L
-r

‘Oblique ionospheric sounder
"~ receiver AN/JUPR-2, 117
=Ob1ect1ves, specd of service, 228
-Officer, communications,.276 ]
On-coming-watch. responsibility, 280
‘Ondine terminal controls, 326 -

o

G,pen switches, tagging of, 303"
Operating, 188, 303. 323-325
. 332-348 .
AN/UGCH49, 188 ~
circuit breakers, 303 -
data apalyzer-
oscilloscope, 337-345
data signal generator,
332-336
& power switches, 303" °
precautions, 336, 345
procedures,.converter
‘- comparator group
¥ 'ANJURA-1 7C, 323-325
. procedures, digital data -~
« distortion test-set
AN/USM' 329(V), 332-345
procedures, réceiver
R-390AJURR, 320-322
signals, Appendix V,.346
signals, DSSCS, 347-348
- Operation, mode V,.197.
OperaPon, printer, 210

Operationalpractices,’.176-180
' circuit performance-log, 176
circuit status, 177
dlstantstatlon/ control
agency- ¢oordination,
178180 ° ‘
master facilities control
log; 176 <
Operations; general, 278 * .
Operator-console, 206-210-
‘Operator’s-emergency maintenance, 296
aOperator s maintenance, 337, 345
Opportunities and. carcer °
development, 10

‘Orbit, 91-93
. descriptions, 9193
elliptical satellite, 92
) » inclined satellite, 93
Orgamzatlon, 55-63 °
fleet commumcatlon
‘ Organizatign, 61-63-
naval communication
system, 59 - . .
office of command and
support programs, 55 -
Oscﬂloscope controlsand . ¢
_indicators, 340

K
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' Outgoing messages, 288
" verifying facts, 288

- ‘.‘ . " P
] Q N A‘ -
_Parabolic réflection +

* principles, 127 . A

Patch cords, 164
Patchiing facilities, 162 :
Personal censorship, 20-22
- Persgnal signs, 282 *
v Pctty officer, 2-4- LT
. .qualities of a leader, 3
Plaindress, 246, 257, 261-263
abbrevxated 246 %
message, 257,261-263 -
Ptdin language address -
designators, 223
*+ . Plarning for thé protection of
classified. matenal
emergency, 41-53 -
Plans, 41, 117 .
~ emergency, 41"
- . - requency, 117
* “Polarkeation, 119
e ' Pollcy of:naval communications, 5§
S Portable electncal tools and
: gquipnient, 304
" ‘Portable fire-extinguishers, 316
' * Posters and:warning signs; 309. -
o Power switches, operating, 203
R Precautions and policies,
\ general safety, 301-304
* ..Precedence 195, 228
ATIessage;, - 195
. speed of:service
. . - objectives, 228
- { Predetermined routing, 244
4 . .Predictions, frequency, 117 -
Prepared:DCS AUTODIN'& DSSCS
‘ format as it appears’in
© . message copy,266
Preparing, 212-214, 234-238
v dafa, 212-214 ~ L
‘: B "+ i tabular-data, 214 y
|

o

. .

text, 234238 . -~ .,
e .security classification,
o © o 234-238
Preventive: mamtcnance, 293-297
) threc-m system. 294

Ed [

”»”

)

t

Protected data, 215

Q messages, 239

Preventlvg amtenance-co‘ntinued
teletypewriter, 295-297 °
typewriter, 297 -

Printer operatlb ,,210,.2T1
receive only\page, 211 .

Priority of destru t\xon 44,45

Propagated elect?nmagnetic -
waveé components,\07-109 . Lo
- Propagation, 107-132 ‘ ° i

* antennas wave; 107132
sky wave, 112
. Jiopospheric, 115
Prosigns, 228-231

Publication, 269-272
custody-log, 271
lxbrary; naval-warfare

:(NWPL), 269-272

Publications, 268-273
communication,. 268-273
types, 268 -

<Pyrotechmcs telecommunications, 71 U

‘ ?

. . R
Q - ¥
b - .

Lo
o R

R-390A/URR front panel, 321
R-390A/URR, receiver, operating
procedures; 3 320-322
RO, recelve-only téletypewriter set
AN/UGC-50, 191.
Radidtion, electromagnetlc 307~3 10
Radio, 71-76, 85, 107,309
communication system,
basic, 107
frequency radiation hazard
warning signs, 309 .
frequengy spegtrum, 71-76 . © |
frequency bands, 71 ; )
" HF communications, 74
LF communication, 73
‘MF communication; 73~
VHF and above, 75
VLF communications, 72
frequency-ISB channel and
8 frequency bandwidth, 85 4 S

%
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Rating. l, 2
cotnmunications- techmcxan, 2
structufe, enlisted, I = .
Real-time clock accuracy, 280
Receive-oply (RO), 191,.207, 211
page printer operation, 211
teletypewriter set :
. AN/UGC-SO ‘191 -
Receiver R-390A/URR operating
. procedures, Appendix 1,
320-322
Receiver transfer switchboard, 154
Receivers; 142-146
basxc superheterodyne
§ receiver, 145
functions, 142-144
selectivity, 144
sensitivity, 144

* ‘Receivers, representative, l46-l5 1

AN/SRR-19A, 149
CV—591A/URR SSB
- converter, 150
"-R:390A/URR, 146 )
R-1051/URR, 147
R-1401A/G, 148
R-1414/URR, 148
receiver tuning, 147
Receivers and transinitters,
communjcation, 133-151
Red: cross messages, 219

- : Red patch.panel, 166 * Y :
... References, 285... . . .

Reflection, pnnélples of parabohc, 127

. Relieving the watch, 279-281

on-¢oming watch- responsxbzhty,

:280 .
real-time clock agcuracy, 280
_security.check, 280 \
.» watch-to-wdtch 1nventory, 280
rgized:circuits, 302
Reports, 238, 239 ‘
. contact: and amphfymg, 238

, moverient, 239 o
Representative transmitters, 137-142

AN/FRT-39/4O 137-139

. AN/URG-32, 139

AN/WRC-1, 141 -

AN/WRT-2, 140

dummy -antennas, 141 : *
| femote control unit, 141

. ®Rescue of victims, 300

" 365

.

Responsxblhtles of telecommumcatxon
“users, 220 ,
Responsibility and security N

control, 17 . i

Restricted data, 19
Resuscitation and artificial
respiration, 310-316
artificial respiration, 313:316.
resuscitation for electric
shock 310-313

Rhombxc antenna, typical, 122 .
Role of satellite communications; 103- 105
. advantages of satellite
communications, <1 04
limitations, 104 - .
typical applications,, 103
" Rolls and circuit logs, monitor, 283
Routing, 223; 241-244, 284, 285
altemnative, 244 - ‘
collgctive indicators, 243 ~
doctrine, 241-244 ’
indicators, 223 ° :
indicators, formulation, 241-243
internal, afloat, 284 ¢
* internal,.ashore, 285 ’
line segregation, 244
predetermined, 244 - -
" Rubber-fléor mattmg, 301. '

S .
Safety, 52, 293-319 ,
accidént prevention, 298
maintenance, 293-319 .
Satellite, 90-106 . .
acquisition and trackmg,
98-103
characteristics, 93-56-
commuhication system,
basic, 91 :
communications, 90-106
defenise commumcanon
satellite program
(DCSP),90 .. . N
.defense satellite . .
communication- ¢
system (DSCS)
PHASEIL, 90 . -
communications; future, 105

-




% . - .
(. .

- Satclhte-contmued
commumcatxons role-of, 103-105
arbit, elliptical, 92
" orbit, inclinied, 93
Scatter-transmission, 86
Schematic dlagram of" messagc content, 254
. . . Secret, 18 :

5. Secunty, 13:40, 234238, 253-257;280
clearances,.38-40
background investigation
(BI),.3840 )
o - national agericy check:
A (NAC), 38 . .
. national: agency check
“and inquiry. - ‘ .
' — (NACI) 38
by - ANAVSECGRU indoc-
: S tnnatzon and -
debnefing, 40
‘i;he k; 280 -
classnf' catlon 234-238
control and: responsxbxhty, 17
types of,.20-37 -
wolatxons and compromises,.37
warmng, 253-257 J
. ‘end-ofmessage>
% . validation, 253
17 iessage, 253.
Segregatloh routmgdme, 244
", Selection-of frequency, 1i7
Sepdration, 233 7 ’
* Sequence.of textual matter, 233
m,messages, 238
Shipboard-wire antennas, 125

Shock, 300,.301, 310-313

x’e',l‘ectric, 300 - t .
electric, resuscitation for, ©
; - 310313 - ' ¢

electric, symptoms of, 300 2"
intentional, dre
~ forbidden, 301
Sidebands and bandwidths, 83
" Signal, 22-37, 170-173, 332-337
© distortion,'170-173 }
« % bias, 171
' carrier, 172 =
characteristic, 171
cyclic, 171
delay; 172
fortuitous, 171
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Signal-continued
responsibility for
integrity of
system, 173
generator controls and
indicators, 333 . -
o generator, functional .
. operation, 337 '
generator operating
data, 332-336
security, 22-37 ,’
Signs, call, 224
,Signs‘, personal, 282
. Single agdress, 219
Single sideband (SSB) transmitier, 134 .
Single sideband trahsmission, 84-86
Sky. wave,. 109 -
Sky wave prépagation, 112 X X L
Sleeve-antenna (shore station), 123 ° T
Solvents, cleaning, 305
Sound telecommunications, 71 .
Sounder receiver AN/UPR-2, - ) .
oblique ioriospheri¢, 117. e ’
~ Speical markmgs, 18 ’
for official usé only . )
(FOUO), 19
international treaty - L
organizations, 19 Tt
limited distribution o
(LIMDIS), 19 : ‘

e
S,

no foreign-dissemination

.« 7 (NOFORN), 19

restricted data;.19
special cateoory
(SPECAT), 19 -
Special-purpose inessages, 23 8-240
. all shxps ‘présent . ‘ . |
messages, 239 '
communications advisories, 240
_ contact: and ampllfymg
. reports, 238 .
. cfitic messages, 238
Lhy“dro messages, 239 -
* minimize messages, 239 .
‘movement reports, 239
notice to airmen, 239
Q messages, 239
~ Spectrum, radio frequency,. 71-76
Speed of service objectives, 228
Spin-stabilized satellite - '
anténna pattern, 95 - . s
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‘Spin-stabilized satellite
controls. 96 )
Steelwool and emery cloth,
use of,.304
Stowage of destructlon
devices, 51
R Structure of ionosphere, 110,
i . Superheterodyne receiver,
B . basic, 145
Supervisor log, 282
* Supervisor, ; watch sectxon, 278
watchboard receiver transfer, 154
Switchboard, transmitter *
¥ : transfer, 154
Switched networks, 77-79
Symptoins of electric shock, 300
Synchronous satellite illumination, 93
System.compatibility, 195
System description,
7 - communication, 152
) System operational modes, 245
. mode. ], 245 of
. mode. H, 245 o
mode III, 246- °* .
mode TV, 246
modt, V, 246

s

T

TI‘;O8 of AN/FGU-59 typmg
LN reperforator.receiving ,
o group, 192 :
;g'l‘309 of AN/FGC-59; typing
reperforator monitor
group, 194 :
TT310 of AN/FGC-59; transmitter
group, 193 -
TT471/UG, téletypewriter, 191. .
TT-558/G, line printer, 199 .
" TT-558/G, major assemblies, 202
TAM, teletype adaptor
* module, 199
Tabular; data, preparing, 214
- Tagging of apen switches, 303
Tape preparatmn and
transmigsion formats, 245-267
.« , Technician rating,
cUmmunications, 2 .

. ‘ charactenstxcs, earth, 96-103

N vocabulary, 215 .

Telecommunioation users
responsibilities, 220
Telecommumcatlons, 68-71, 291
electrical, 68-70
pyrotechnics, 71
sound, 71
visual, 70
center, automated, 291 *
_Telegraph distortion, e\tamples of; 338
Teletype adaptor module
(TAM), 199
s Teletype message alignment, 247-253
message header, 248-253 °
transmission identification; 247
Teletypewriter, 169, 181-191, 199,
202-216, 249, 295-297
circuits, direct current, 169
. ‘contro! unit (CONUS) western
‘union 12008A and
teletyp‘-wnter control
unit (OVERSEAS)
C-7050/G, 199
v . - equipmeént, AN/FGC-59, 192
3 eqmpment modei 40,
; 202-216
introductionto,.181-190
- keyboard-unit, 183-
. message-header, 249
preventive maintenance,
295-297 )
lubrication, 295
. . operator’s emergency
. maintenance, 296
AN/UGC-51, 191
TT471/UG, 191
Terminal, 96-103, 167-169, 196, 198-202,
215, 326

configuration, mode’ I
" low speed, 196 ) !
configurations, mode I
¢ DSSCS-high-speed, 196 : °
“controls, ondine, 326
detices, end, 167-169
equipment, associated, 198-202

Terminals, 195-197
~ mode],.195-197 °
) ‘mode V,'197 . ,
Test equipment utdization, 175
Text, delivery of incomplete, 286-288 .
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" Text: preparatlon, 234-238 oo - Transm1tt;r~t:onnnued .
Textural matter sequence, 233 L receivers, communication, 133-151
Three-M system;the, 294 . ~~ . - . o representatlve, 137-142
S , Tlme division multxpl°xmg and - Lo ’I‘ropsphenc propagation, 115 . 2
.o " demultiplexing, 158 .. S . Tropos?ﬁnc scatter.antenna, 128
A Time of file, 228 ~ o .- _. Troposphéric scatter, forward .
. . “Time in messages, 226-228 Ty oo propagation by, 1.15-117 o - »
‘ - date-time groups,- 226 228 . o Trouble§hootmg techniques, 4 73-175 :
_, - time of file, 228 - -+ Tubes, ¢athode-ray, 307 o
i Txme zone chart of the world;, 227 X Tunlng, receiver, 147 A
... . Tore, audible, 215 . " Types of emergencies, 42-45
Top Secret, 17 L ~,~ . Types ofimessages, 219 ’ o,
Tracer action, 289-291 . -~ © - . book.message, 219
. . - inordinate delay, 290 - e ) géneral message, 220
:nondelivered message, 290 . ' ] multiple address,.219 - , )
.. Tracing, message, 195 * ) . - singlerdddress, 219. . PO
g Training, 12, 52, 276 .o o Types-of publications, 268 -
T " films, 12 o " Types of security, 20-37° - ~
' - -program, command, 52 T .« personal cefisorship, 20-22
. .section, 276 "w signal seéurity,.22-37 ,
) Transmission, 79-87,.113, 120, 245 267 Typewriter preventive mamtenance, 297
. . formats and tape y maintaining headphones, and
. “préparation, 245-267 ’ R nucrophones 298
S . identification, 247 S . . U ,
‘ oo line, 1200 \ L, e ,

. i 'multxple-hop, 113 - .
practices, improper, 265 - . UHF antenna AT-lSO/SRC 127 ..,
systems, 79-87 3 . L U.S. military communications electromcs ‘
" -carrier-characteristics, - - - - - - ‘board (USMCEB);64 ~ 7«

'80-82 - . : U.S. military services,66 ~ ¢ = .
direct current (d-c) o U.S. naval communications, 54°
landlines, 87 . ] coinmunications principles, 55 ‘.
. introduction to 0 ; mission-of naval )
modulation, 82 : T, commumcatlons', 54
e microwave transmiission, 86 policy of naval - "
® ©* scatter transmission, 86 ' communications, 55
- sidebands and Up-keep of spaces and .
bandwidth; 83 : cleanliness, 281 . . -
L " single.sideband oLt Usage; familiaity in, 272
transmission, 84-86. © Use of steelwoo!l and emery
transriission pf in- ~ . cloth, 304 . a
formation by radio, * ’ _ Utilizatidn of test-equipment, 175
80 . ‘ dlg\ital data distortion =
Transmitter, 133151, 154 . E test sét A\J[US\/I 3"9(6’)
transfer switchboard, 154 . .. , % 1 &2, 175 S
types,. 133-135 - R o ’
+ .amplitude modulated: , ) ) . \Y% .
(AM), 134 y ’ , :
" coritinuous'wave.(CW), 133, s ’
frequency modulated (FM), 135 ~  VHFand above, 75
_§jnggle' sideband (SSB); 134 VLF communications, 72 C
. 368 : ) -
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