
ELECTRONIC CIRCUITS N A V W I P S  

SECTION 2 
GENERAL INFORMATION ON 
ELECTRON TUBE CIRCUITS 

2.1 DEFINITIONS OF LETTER SYMBOLS USED. 
Througho~t this technical mmdal a number of letter 

wmbols ore used to indicate components, jources of voltoqe 
and current, mo  to &iiere?tlme beteem po!nti in! I! the 
same power and voltage levels. Since the t e c h n ~ c ~ m  must 
be able to read, speak, and undeisrmd the jarqon of the trode, 
he should olso leorn to recoqmze the !e t t~r  symbols used 
a s  a form of shorthaid notction in technical discussions cmd 
on enoinrerinq dmw~nqs azc schematic d~ogrorns. To 
ovoid .~r.y canillb. or conigsicn, stac!3r? Iet1t.r syrrhilis are 

e J.'.......... > ---- 
"oL" ..,, =,= " , L , ~ . " " ~ c .  "A , ,LL  "L,..,,,AL,,,.~ - , , ~  ,~ .,,., :L b.,-,"b 

from time to time, a mmplete alphabetical listing of d l  
-termce symbais used throuqhout thls vanuoi is inc iudd for r.: 

(thqi need not oe m~rnorlzed). 
, , , , . ,  , , ...,,,- ..,'~ .,,.\, , ,  , , . , ~  ,... , , >  ' , ,.:: ,.r.. r ,:~,! . ~ .- .~.. - ~. -. , - 

! "i,~m;s iziicmr :.c!!?cn s d  cc:::?.:, the !ewer c?s? E.! 
subscript letters (or numbers) are assigned os described in 
poraaraah 2.1.;. Therefore, it i s  recommended (hot the user . . .  
of this monud ieier to the deiinitions listed below to deter- 
mine the mrren meanings of the letter symbols used in the 
cucuits in t h s  technic01 mmud. 

2.i.i Construstion of Symbolr. The letter symhls  orc 
made up of single letters with subscripts or superscripts in 
accordance w~th the following mcventions: 

a. Moximum, aveioge, wd rwt-mean-square values 
2. rqies.-!e? b,., . CO?~!O! .  EM^! . . C S S ~ !  !e!!eis: !o! e~tm;!?: 
1, E. 4, 

b. Wnere needed to distinr;?lisb hetween vnlues in 
irem a omve, ine moxlmurn "due m q  ae repieseilten riy 

the subscript "m": !or erampir: E,, I = ,  P,. 
c. Averqe vd;es m y  be :ep:csw.ted by th.e sub- 

script "ov"; for exomple: E.,, io,, Pa,. 

Note 
When Items b and L o b v r  are used, hen item o 
indicates r-m-s, or etleciive, voiues. 

d. instantmeous vahes  a i  cu!rer.t, voltaje, air? 
. .  . . 

pw4er whlcr, va:y wi th  tlme o:c repiesel!:ed Dy il:e ~ Y l t l  

case (small) letter of the proper symbi; for exomple: 1, e, p. 
e. Enernal resistance, impenonce, etc, m tne circuit 

?*-.-. .- - . -- ,,:,, ,, , i u,,, ;,-;,;; ;.;;;:;;;i z;; ;i ;i;:i;ir.:i; ;, 
.L. Gm"f cuse =!I?zb;  it!: !k;e x2pc: =le<:?z?,e 5"LsLrip:s; 

. . . .  - -  
rur exdr,",e: .nq >>s?. ',Q, ',7c. 

1. 'Vdues ot resistonce, ~mprdmce. rtc,  ml.rrrrit 
. . .  

Niirni, ii,c ?.&-:i"i, ["LC i i r i  .<,icsr;.;n -: ;;.; .Lac. 

case symhi wit2 the proper eiectiooe sd%cnpls; to: 

to idmtify instantmmus (ac) va:ues of electrode currents 
and voitoqes; for example: e,, 2 , .  I,, ID. 

h. The toto! ;nstontmeo.;s vai.;es a! electmde 
c"rjmts m i  v ~ k a g e s  (i-c glas G-z compoaer,:~) z c  1r.2:~ 
ciited by tiie h*es sose sfmhi --: ;:e subs,?ipts "Z"  !G; 

.hte .+ .;r., ,or :r,"- in. pxnm!>ir: , L ,  P? ,?,  Fk. 
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i. No-signal or static currents and voltoges are 
mdicated by upper cose symbol and lower case subscripts 
"b" for plate and "c" for grid; for exompie: E,, i h ,  Eb, 1". 

j. R-M-S md maximum values of a varying m m p -  
nent me indicated by the upper cose letter md the subscripts 
8 ,  g ,, and "pi); for example: E,, IP, EP,-14. 

K. Average values of current and valtoge for the 
with-siqnnl condition ore indicoted by adding the subscipt 
"s" to the p row symbl  and subscript; for exomple: Ibr,  

EbS.  
1. Supply voltages are indicated by the upper cose 

symbol and double subscript "hb" for plate, "cc" for grid, 
"it" for fiioment; far txs!~:ple: Eir, Ecc, Em. 

2.1.2 L i s t  of Symbol.. Since *.e wies above me some- 
~.,h"+ "-."..,.." "" -,-L..&".:"", ,,-. - &  .La "..".krn,? ,,?& ,- .... ". uu...-.b.., -. ".." ". " >... "-." ""-" ". 
this technicd manuol for electron tube circuitry i s  presented 
below. 
Symbol. Dsfinitlon. 
- - , 7..,.7,.- ~ -.,.,, :,.: .,.-,.- ~ ~ . .  . . 
C ; Cnl.p!!,q -rmnritor 

Cd Distributed clrcult  capoci tonce  

c, Grid-leak or grid capocltor 

c q k  Trid-ccthode c a p i c i t o n c e  

c,, Grid-plde  copacl tonce  

Ck Cathode copacitor 

C n  ::eutialirinq cmpacitoi 

CP P l a t e  capacitor 

C P ~  Plate-cathode capaci tance  
C s c  Screen ccp0ci:or 

rzbr S..nnie~~cr iiip,-ltnr - - '"'~?i!n~r 

Em .4pplled vol tage  

LO" f iverage voitaqe - 
C b  P l a t e  vo l tage ,  s f o t i c  d-c va lue  

Ebb ?late roltoqe s o u c e  :supply voltage) 

EC capacitor 

EC G r ~ d  vol toge ,  stafxc d-c lbiosl  value 

Ecnr D C  voltoqe applied to pioduce  c a r t e r  

Ecc Grid b i o s  supply ro l toge  

E c c l  Canfro1 grid supply 
t,,i S L T C ~ ~  ^r!d supply 

Ecc3 s i ~ p p r e s s o r  qrld supply 
E c o  i\.ugm>ve !"," CU!O!* vol tage  

Ef Fdmment vol taqe  

Eff Ftloment supply vol tage  - 
L.u 

:,,==* ~ z,cG7,-zquc;e .,., .= -. -. -..- 
7 ,,-. .. - ~ .. .. , .. ->... " " ^  ll.. ".. l " . l lL  "1 ." .,.I.11 *.." .".."*C 

L".x.pL~.e~.l 

E,n :nput voitagr 
. . 
-L 

.. . . .. C il.."jC -__ 
Em.  E m a x  N a x l m m  ro1taqe 
- .~-.- ...... .l?","l,rn "".l;lqr 
- 
i" 

...,.. ""0 .," .. .* -. ? - . . -. . - - , - 

EP piare vol tage  r m - s  v a l u e  

ER a e s l s f i v e  vo l tage  drop 
Esc S c r e e n  r i i l t ~ g e ,  &i r d " e  

.r,s$~:.:Z.7ea"s 'vzl:zqs 

c!, ;,,~iu.,,iiiii;"; i:;:* ;"!:"q" 

P- . n S l ~ l l " n e " U s  U r l O  "0ila0.2 
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er 

F.C 

e.lq 

O." 

f 

fo,  fr 

om 
I 

Im. 

Ib, 1. 

IC 
Ic 

If 

Ig 
It. 

Im, 1m.x 
Imln 

IP 
IR 

Irk 
IT 

It 

ib 

Ic 

ig 

i t  

12 
L 
P 

p. 
PI 
P o  

PP  
pq 

P. 
Q 
R 
R G  

R. 
RL 
Rk 

R, 
RS 
R.c 
*L 

TP 

SWR 
t 
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D.finitlons 
Inatontrmeovs a-c component of grid volt- 

age  
1natontrmeou. vcrltoq. on element 1 

Meimum lnstrmtrmsoua valtaos 

A-C component of output voltoqe 
lnstontrmsous c-c component of plate 

voltage 

Inatantonmu8 realstlve voltage drop 

Inatontoneous s n e s n  voltaqe 
I~l tantoneouti  a1q"ol r0ltoqe 

Instontaneoua suppressor voltoqs 
F~eqvency 

Reeonont frequency 

Transconductonce 

Current 

Averoqe current 

Stailc 6 c  p l d e  current 

Copacitlve current 

s t a t i c  d-c grid curen t  

Fl lanent  current 

Grid curen t ,  r-ms value 

Inductive current 

Maxlmum current 

MlnimYm current 

E-C plote current, r-me value 

current in  resistor 

Cathod. c m n t  

To ta l  current 

Current for time interval lusually used 

with aubscripta, os t i .  12, etc) 

l n a t o n t ~ e o u s  plate current 

Instrmtoneous grld c m e n t  

Inatontoneoue c-c component of grid 

current 

Instantaneous inductive cvren t  

Inafontaneous O-c component of plate 

current 

c m e n t  per inatant of time 

Instontoneous current throuqh lmpedonce 

Inductance, inductor 

power 

Grid dlssipotlon power 

input power 

output power 

P la te  dissipation power 
Reactive power 

Appment power 

Figure of merit 

Realstance, resistor 

G e ~ r o t o r  interml relletonce 
Grid resis tance 

Load resis tance 

Cathode resis tance 

P la te  realstance, dc  

Series  resistonce 
screen resis tance 

A-C load resistance 

Pla te  resistance, ac 

Stondlnq-wove mtlo 

Time 

9@,000.102 ELECTRON TUBE 

Slmbls Definitions 
td Daiordzotlon time 

11 pulse fall tlme 

t t  Cothode heatinp time 

tp Pulae duration time 
f r  Pulse r i se  time 
T Transformer 

T C  Time constant 

v.. Voltoqe, volts 
W wotts 

X Reactance 

XC Capocitlve reactance 

XL lnductlva reactonce 
Y Admlttonce 

Z Impedance 

Zln Input Impedrmce 
ZL L w d  lmpsdonce 
Zo Chmocterlstic Impedance, sruqe im 

pedrmcs 

Zout Output Impedance 

2.2 BIASING METHODS. 
An elemon tube i s  normally biased thrwgh the ap- 

plication of a negative d-c potential (grid bias) between 
the grid and cathode elements. Grid bias i s  either obtained 
from a s e p a t e  voltage slpply source set for a specific 
fixed voltaqe, or develowd by the flow of cathode or control 
g i d  cwrencin the tube;-bias developed by tube current i s  
referred to a s  "self-bias". The grid bias determines the static 
(quiescent) operating current for the applied plate wltaqe 
and thus setsthe operatinq pcint. When an input siqnal 
i s  applied to the grid, it odds to or s u b u r n s  ;om the 
initial bios in rrmrdmce with instmtangius sianol variations 
and mrrespondingly varies the plate current and voltage to 
produce the desired output signal. 

Usually bias may be obt~oined by my of a number of 
methods; the basic circuits are discussed in the following 
paragraphs. For ease of eqlmation, triode type electron 
tubes me used, but biasing methods me ipplicable to other 
types of electron tubes i! t t e  currents and voltages token by 
the additional electrodes me properly mnsidered. 

2.2.1 Cmhod. 810.. When the cathode of m e l e m m  tube 
i s  biased positively with respect to the qid ,  the elecvoo 
tube operntes exactly a s  though m equivalent negative bias 
is applied to the gr'ld. Since current flow within m eledron 
tube i s  from cathode to plate, cathode resistor R t  con be 
inserted between cathcde and F+ to produce o voltage drop 
(cathode bias) a s  long a s  the plate current flows continuously; 
see  figure 2-1A. Since cathode current always flows in 
the same direction. the voltme drw remains more wsitive . . 
m the cathode. i u s  plate current flow within th;electron 
tube itself produces a wsitive cathode bias. ?he mount 
of bias obt&ed depends upon the total tube current md the 
size of the cathode resistor Irk. Rr. 

This type of bias i s  restricted in use to amplifiers 
in which ~ l o t e  current flows for mwe than half of each cycle 
of operation, because plote current flow cannot be cut off, 
or the developed bias will be lost. But it can be used in 
combination with a fixed minimum bios to limit maximum 
plate excursions or a s  o protective bias which limits plote 
current to o safe value when grid drive i s  removed. An in- 
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herent disadvmtage of this circuit i s  that the developed bias 
voltoge i s  subtracted from the plate voltage applied to the 
electron tube. Thus if 30 volts cathode bios i s  needed with 
o 2%-volt plate supply, the power supply must be able to 
furnish 280 volts. See figure 2-18. Its greatest advantage 
i s  that it is simple to use md  economicd of ports. When 
used in audio, video, or radio-frequency c i r ~ i t s ,  the cathode 
resistor must always be adequately bypassed to prevent a 
mnstont change of bias with signal. If the cathode is not 
bypassed, my change in plate current will produce o cor- 
respmdmg chmge in cathode bias voltoge. The chmge in 
cathode voltage will be in such a direction a s  to oppose the 
effects of the input signal, and therefore will have the m e  
effect as degenerative feedbad;. While a mntiolled omwnt 

Figure 2-1 
Cathde Blor Clrcmit 

of degmermive feedback can be teneficid m extendng the 
-iei<l! tieqiency response ar.0 i... red-cing distetioc, a 
large mount 01 degenerative f e e d b d  will result ir, o saious 
loss of amplification. When the cathode bias resistor is 
adequately bypassed, the fluctuating a-c plate current caused 
by the Lzput signal is effectively shunted around the cath- 
3de bias resistor, through a much lower reactonce p t h  
offered by the bypass capacitor. Thus ody the &c com- 
wnmi oi oiate c ~ m t  :lows ihrviiqh the b;;; res;st;r, md 
.i- .-*-, -..L-4." ...-, .*..rr - .in .,,..-: ... b .".% ""...""> -. 
c!.-ic (d-c! udue of ~ ~ - s i p ~ !  Errs! .  s d  i s  nnchsqed by 

~ 0 . o 0 0 . 1 0 ~  ELECTRON TUBE 

the varying input signal. For satisfactory bypassing, the 
bypass reactmce should be a b u t  10% of the d-c bias r e  
sistonce at the lowest frequencies used. Cathode bias i s  
usuolly used in audio-frequency or videa-frequency wpli-  
fiers md in low mww r-f molifiers ond test eauioment. In . . 
some applications, such a s  high fidelity audio amplifiers 
or video i-i ornolifiers, a relativelv small volue of unbwss-  
ed cathode resistancemay be useh. I h e  degenerative.‘ 
anion of this resistance increases the fidelity (frequency 
response) of the stage md  reduces the possibility of over- 
loading from strmg signals. 

2.2.2 Grid.L.ak Bios. Grid-leak bias, sometimes 
called aisnol bios, is obtained by allowing gr~d cunent 
tlow, produced by the a s  inplt signal, to charge an RC 
~ e w n r k  )n the rjrlri<nthnie circuit. Two basic circuits are 
used to develop this tam oi bias-the sinunt type md  h e  

series type. i h e  methods of developing grid voltage in these 
circuts  are sim~lor, but the phys;cal comect:ons ot the 
network comooner.!s me differmt. See ! ~ ~ I X P S  ?-2 and 2-3. 

Figure 2-2. 
Shwot Grid-lmk Blor 

The gridsathode circuit i s  used a s  a diode rectifier 
to develop a d s  voltage that i s  uopntionol to the psit ive 
peak input idrivmq) signal amplitude. Grid-leak c a p i t a  
Cc ocerates os a cwpllng capacita to apply the inpit 
(driving) signal to the grid. On the positive input signal 

FI9rr. 2-3. 
Series Grid-Ink Biar 

excursions the grid is driven pmitive couslng grld c m e m  
to !low between grid md cathode md  through grid-leak 
ies:s!or R,. The result is to produce a & voitoqe across 
- . .  *p.;:i wlciiZCd lega~Feiy ̂ . -. .he ... - < A  -..". Cr . .. ".:A y. .- .. 
'%-I. ----..-. r ,= s..w..\,* I , ,  "-" ?-.o 2 :- 5F.;pc *,:A ..-.-...., .-, .. .~ ~. . 
!he app!ied icpu! c i ~ n l ,  ns shown the equivalent 
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charging circuit of figure 24A. As long a s  the input 
signal remains positive the coupling c a p c i t n  charges. 
When the input signal becomes negative, grid capacitor C, 
begins discharging through the grid-leak (figure 24B); 
during the discharge p r l d  the grid i s  held negative by 
the charge remaining in the capacitor plus the negative 
input signal, and no grid current flows. The grid-leak 
time constant i s  made long with respect to the signal 
frequency (usually seven times the period for one input 
cycle1 so  that the discharge is relatively slow. The dnarge 
time i s  much faster than the discharge tlme because the 
grid leak i s  effectively shunted by the flow of grid current 
and offers a low resistance of a b u t  500 ohms (r,r, figure 
2 4 )  in compxison with the large resistance of Rq. When 
the signal begins i ts next positive excursion, C, again 

A 
C H A R G E  CIRCUIT 

I - 
B 

DISCHARGE CIRCUIT 

Figure 2-1. 
Simplified Charge and Discharge Circuits 

starts to charge while still retaining a certain amount of 
residual charge. The cycle resumes and the oction is 
re~eated. After only a few more cycles, the grid bias 
stabilizes, since only a small portion of each charge leaks 
off hfore the application of the next positive half of the 
input signal. The residual charge on the coupling cap- 
acitor will not permit the next ps i t ive  pcrtlon of the input 
signal to drive the grid a s  far positive os  the ps i t ive  
pation did in the first half cycle. Thus the additional 
charge placed on Cc i s  not a s  great a s  it was for the first 
half cycle, but when added to the residual charge that re- 
mained, it causes the total bias to increase. This p raess  

of rapid charging and slow discharging of Cc leads to the 
steady state condit~on of operation, in which the amount 
of charge deposited on each positive half cycle exoctiy 
equals the amount of charge lost through discharge on 
each negotive half cycle. 

The amount of bias developed in this manner depends 
upm the amplitude and frequency of the applied lnput 
s imal  and the time crnstant of the arid network. The 
grwter the amplitude of the input (griddriving1 signaL the 
meater the amount of bios that will be d e v e l o d .  Also. 
;he longer the time constmt of the grid circuit with r e s k t  
to the input frequency, the greater the amount of bias that 
will be developed. However, there ore practical limitations 
to the length of time constant which may be employed. Too 
long a time mnstant will prevmtthe bias voltaqe from 
ch ig ing  enough during a c l e ,  or group of cy'les, to bring 
the stage out of cutoff. Therefore, the stage must wait until 
the bias has been reduced enough to o l lw  it to come out of 
cutoff; as a result, the stage will oprate intermittently 
(motorbmtl. When functioning properly, o grid-leak bias 
network should prcduce a d~ voltage that is approximately 
93% of the applied positive peak voltage. Under these 
conditions grid current will flow fa only a small portion 
of the ps i t ive  p u k  of the input cycle. Plate current, 
however, may flow fa the entire cycle a fa only pu t  of 
the cycle, depending u p n  the amplitude of the input sig- 
nal and the cutoff voltage of the electron tube. 

Since the amplitude of the developed grid-leak bias 
i s  detemuned by the driv~ng-s~gnal mplltude, it i s  ev1aer.t 
that Class A, B or C operauon may be ach~eved w~th grid- 
leak bi?s merely by Incregslna tne ~LOUII of u ~ v e  (0°C bv . . 
selecting the proper RC value). The h i t i n a  factor in this 
appl ica~on is-the mount of djstortion that may be tolerated, 
bemuse the plate current will be distorted for the wrtion of 
the cycle duhng which grid a n e n t  flaws. It i s  important 
to remember that grid-leak bias is developed by the rectifi- 
cation of the input (driving) signal and that loss of the in- 
put signal will result in a m p l e t e  loss of this form of bias. 
In power amplifier circuits where loss of bias m a s  exces- 
sive tube ~ r r e n t s  and possible dmage, a second method of 
biasing (either fixed or cathode bias) i s  usually employed 
a s  a protective fedture. 

The shunt type of grid-leak circuit i s  also used to 
develop contact bias, which also derives its bios from the 
flow of grid current, but dces not require an input or driving 
signal to produce it. Since the heated cathode is placed 
very close to the metal structure of the control grid, a 
small potential difference called cat.sct potential is qen- 
ermed between the cathode and t k  control grid. Random 
electron collisions with the mid structure, aided initiallv 
by the electrically neutral character of the grid, are the . 
major contributors to contact potential. In diodes a con- 
tact potential exists between plate and cathode. The con- 
tact potential may be on the ader  of 0.5 to 1 volt depnding 
upon the structure of the tute, emissim characteristics, 
etc. The 6AT6 and the 6S07 are typical examples of the 
tube t y p s  frequently oprmed with coltact bias. The 
distinguishing feature of contact bias i s  the extremely high 
value of grid resistance used. This high value is required 
because of the minute currents and small potentials involved 
(with 10 megohms of grid resistance only one microampre 
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of cunent will produce 1 volt of grid bios). Capacitor Cc 
(figure 2-2) isolates the grid from the preceding circuit as 
fa as the d c  bias is concerned, but ~ e r m ~ t s  the app!icatlan 
of an 0% signal to the Contact bias is usuuliy iimt- 
d .- ,, ,,,,i.s ..:.-.:, ,which oprme aver very sn~!! grid suings, 
say one volt peak to peak, such as an audio preamplifier, 
or a d:ir:ec osci!!c!nr !n which i t  is desired not to have dc 
flow tbuuqil file tuned c ~ i c ~ i t s .  Z;rcuts ~~p!oy inq  
contoct bias ore sensitive ta overloadYIg, because any grid 
cunent flow due to excessive sign01 swing wili blcck the 
tube with a "signal blast' which requiies cmsiderable 
time to leak off through the very long time constant gnd 
network. RpCC. 

The series qid-leok circuit employs a pmoilel 
9;:. ,:omiirotloP i n  series Perweer ~ i - 6  <:oihoce, ui 

shown in  figure 2-3. Usually grid resistor Rq is in the 
range of thousands of ohms (rother thnn regohms!. ?his 
typi of circuit is olmcst cn:versc!!y erp!oyed !r. the s e i -  
exnted type of osc~iiator becousr oi ,is aaiiiquiuiiug 
and seif-starting Xt;m. C r ~ i  ths ;*ra:ii.j pi;.: !; !ix-? 
by the value of R, and C, employed, the tube continues to 
oscillate a b u t  the grid operating point whether it be Class 
A, B, or C. If the amplitude of osc~llotions in the giid 
tank tends to increase, an increase in positive qrld drive 
will occur causing the grid to draw more current. The 
increase in qrld current wili develop an increased bios 
and a consequent decrease of plate current which tends to 
reduce the plate current pulses back to their oriainal 
amplitude. A similar sequence of events occurs if the g id  
d;;ve i-",:s iv 2 ..~ L . :. .L:. ,.<"" :" .".." .ti:ru2<, u2: a: >::ia r " = , : L  .coo ".".. ,- 
deveioped, so  ihm the plate current puises me increased, 
retumina them toward their orioino! arro!itude. Bias 1s 
initally heve~oped by h e  conto& potential methmi durinq 
the first few oscillaticns. allwrlnc the circuit to be self- ~ ~ 

stating. Then os the g i d  swings kcooie greater, the 
capacitor is charged ond dlschorqd a the repetition rate of 
the, tmed ciiiuit, ond the gr:d biza is de!e:rn:ned by tie 
tine constant of the grid circuit md the valu? of the qrid- 
voltage swing at thot instant, averaged wet a number of 
cycles of oscillat~an. Thus, ii the grid capocitor is 
increased in value, the wid-ieak iesistance must k reduced 
to retain the desired charge and discharqe rates. When tk 
grid capocitor is su!ilc:entiy large -no the grio Lean resis- 
tmce i s  adequate, quite a lmae voltaqe con be produced, 
and it thp discharge rote is slaw enouqh, plate current 
cstd: c c ~  te eb)o!nPd !c !xrr i>icr Ciosa E u i: urrutwrl.  
Thus this blas method is ideal ior csc>~iatws wkicir uzr 
s e l f o x c n d  (pmuce me:! nwn !wmcx!. ~n s?pxateIy 
driven oscillators (buffer amoiii~ers), the shm! islonaii . . 
c!as methd 8s r lsm mo tne D:OS ,io~tilce ieculrm IS 

obtained by supp!ying suii?c!eat qrid current h ive  from the 
preceding stage. 

2.2.3 Fixed 81o.. Tnere ore u nurxiwr ui ~iieiilodj ot 
obtaining fixed bias. The most obvio,us of these rrethais 
k the 11 ? se:rn~t-? C-'bttery m n ? F a t e  neqatlve 
Dower (C-) suppiy. Two oiier widely used, bd not bc 
nbviou~ methds me shown in ilgures 2-5 on$ 26. ?.r 

~dvanta* of tb.es2 rettcd: :s ?b.=! C?e:. ra i  , z e  .!?P 
& + u i ~ ~ ~ l s r z t  Fm'S? Sic;;>; t G  =CX!dZ? : b , ~  k.Ye !X:Z, Z= !?2! 

no separate supply 1s neccssay. 
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The circuit of figure 2-5 utilizes potmiomenter RZ 
connected in series with resistors 8 1  and R3 to form a vol- 
loge divider between B+ and B-. ' h e  mthode of the tube 
(s) being biased is connected to the moving contoct of R2, 
and )'.e wid is returned !hiough Ri to B-; Resistors R1 and 
R3 determine the voltage r a g e  over which potentiomenter 
R2 np-mntes. Thus for cutoff bios o msitive cathode bias 
i s  pa+"ced :y the ~ 1 : ~ ~ -  *..ider. For a hias less thnn 
cutoff the cathode current passing through '33 and the active 
portion of R2 determine the operaling bias. Bypass cop  
ocitor Ci shunts the portion of the resistance affected by 
cathode current to prevat bias changes with signal cunmt 
vmiatims, as eqlained in the discussion of cathode bios 
m pmqraph 2.i.i. 

-++=- j -" > 
't-' I OUT 

Figure 2-5. 
Fixed (VoltogcDividor) Bias 

Tne cicuii  o! figure 2-6 zses :he entire cu i i a t  flow of 
the power supply !o develop a fixed "hock-bias". The term 
back-blos r e i ~ s  to a mmbtnmim of self (cathode) bias md  
!!xed bios fro- aicther source. In this instance the self-bias 
is ohcined f r m  h e  ca thde  a n e n t  of the tube being biiisfd 
and the fixed bias i s  obtained from the total p w e i  supply 
cxa! !!owkg i-& through the chassis md the fixed btos 
resistor comected m series with the neqative w p l y  lead 
and chassis. %ere ore two variations to this clrcuit, one 
using resistor R i  done and the other using the d-c resist- 
a c e  of the loudweaker field mil  L (or a separate choke 
coil) to oct a s  h?. Use of the latter variation results in 
economy o! parts since the fieid mil also provides the bios. 
7he bock-bias circuit produces its result bl vittue of the 
mn.xCtion of the negative B su~vly lead to the chassis 
~ n r n t i l n  tipi6 ni &ore cilii I .  w d  iesistor R i ,  her, "sed. 
?!ace .zii of <ne rubes aii i k r  ciiuaais hove iiie:i s ~ t h d e s  
;!czo&, tne -urP rnoss ls  nlrreor posses iiiiouqh h e  choke 
(and resisted to Ee. The witage drop a a o s s  the c ~ ~ e  
rnl, innd ri!'! is tne bios. 5" ~ ~ i i z i n ~  o voitaqe&vider 
arrnnge!~mt ot wch gridi the other stages may also be 
"i>z-hi~s& .20z Vie same uc:ze. !f 3cre 30s i s  r e  
quired, more current i s  returned iilrxqh the chassis, or 
resistor '31 is added to produce the required voltage drop. 
!! is ilscnlly neresso~y to use a decoupling filter (R2. C4 
iiqure 2-6B) to preveni cower supply ripple voltage from 
appmrtnq on h e  qid. Vnere more than one stage uses bock 
64-c K ~ ~ i  n * e r n , , p i i ~ ~  i i l ! ~  or <"e grid each stage i s  "."" ,-LL, - ----- 
--- -----...-..."..~-* "i-", .*,.",. ,i.,- ,,,n ,,,,"a ,," ,he 
,,CLL**",, ,- y... +,.. ....,..-. .-..-y- 

grid 01 one srage irom aireciing uprretiiiil u. uir vuiei biuijci 

thro~gh cammon lmpedmce mupiinq. Fnrre more thm one 
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a portim of the cycle, the number 2 i s  added. %us Closs 
AB1 operation indicates that the circuit i s  biased to operate 
somewhere betwea the limits of Class A and Closs B 
operation md thot no grid current flows duing the operating 
cycle. Similmiy, Closs AB2 operation indicates that the 
circu~t is biased to operate somewhere between the kmits 
of Class A ond Class B aperation, md  that the input siigial 
exceeds the bias sufficiently to produce grid current flow 
over a portion of the cycle. 

Closs Aoperation produces the lowest power conver- 
sion efficiency and the least amount of distortion, while - 

C I - 
E C C  Class C produces the greatest possible power efficiency 

+I - with the most distortion, with Class B being intermediate 
- 4 between the two values. When no qrid current is drawn dur- 

ing the operating cycle, there i s  no power loss in ti, grid 
A circuit, md  a minimum of driving power i s  required. K?.cn 

SACK B I A S  C i R C U T  grid current i s  drawn, a power loss occurs in the giid ci;clit, 
and the driver stage must be able to supply power at the 
required maximum drive voltage. 

2.3.1 CIass A Ommiion. In normal Class A operation, 
Ebb the electron tube i s  operated on the linem portion of the 

grid-plate trmsier characteristic mrve, and plate current 
flows cmtinuously over the entire input cycle. Because 
opmaticn i s  on the linear portion of the curve, distortion 
i s  low (on the order of 2 to 3 percent maximum) md voltage 
gain i s  high. Because of plme current flow over the entire 
cycle, plate efficiency i s  extremely low (on the order of 

R 2  20 to 30 percent) and power output i s  low. 
Ecc Class A opration i s  usually employed where voltoge 

amplification rather thm power output i s  desired, or where 
low power output i s  desired with a minimum of distortion. 
Thus it i s  used in the I-f m d  i-f stages of receivers, in - low-power test equipment, in the oscillator m d  driver 

B 
stages of low-power trmsnitters, in vldea mnplifiers, and 
in audio-amplifier opplicdions where voltage gain with 

D E C O U P L N G  C ~ R C U I T  qmd fidelity i s  desired 

Figure 2-6. 
Back-Bias Circuit SATURATION I /  

value of fixed bias is necessary to suit the requirements 
BIAS POINT ----- 

of the individual stages a voltoge divider arrangement moy 
be used. In the case of equipments requiring iorge nega- 
tive bias voltages a separate negative power supply i s  
usually used to obtoin the bias. CUTOFF 

I 
2.3 CLASSES OF AMPLIFIER OPERATION. 

Amplifier operotim i s  dividd into three general classes: 
Class A, Class B, and Class C. 'The classes ore determined 0'7 c--) 

by theoperating bias applied, the amplitude of the input sig- 
nol, and the amount of time during the operating cycle !hat 
plate current i s  allowed to flow. 

These general classes of operotlon mver o lmge rmge 
of operation; since i t i s  possible to operate on amplifier ( INPUT '9 SIGNAL) 
pmtially within one class md  partially within mother, 
additional designations are added to indicate whether or not 
qrid current ilows. When q id  current doesiot flow ot all 
during the entire cycle of operotion, the suffix (or subscript) 1 Figure 2-7. 
i s  added to the class letter; when grid current flows, for even Class A Operation 
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Normally, no grid current flows during any part of the 
cycle and pure Class A operation i s  defined as A,. However, 
in common usage the symbol stands alone, the subscript 
is dropped. a d  it i s  understood that unless otherwise . . 
indicated no grid caren: flows. %en the input signal 
mplitude exceeds the bios voltaqe and arid current does 
!!cw ov= a w?Lm o! !he qc!e, !he rubscrip! 2 is I U S P ~ ;  

e. g., Az. h e n  grid current flows, o larger input s i g n d  is. 
required to drive the tube to the m e  output, and d is tor t la  
increases; but ut the s w e  time, plate current flow r e d ~ c e s  

DISTORTION 

\ 
DISTORTION 

*: < ,.,PbT <I<.,&,., 

Figure 2-8 
Clarr 4 Operation 

NO 1. FLOWS 

eOO.WO.102 ELECTRON TUBE 

during the gr ld-~r rent  portion of the cycle md  the over- 
al l  plate efficiency i s  increasei. Figure 2-7 shows a 
groph of A, operation, and figure 2-8 shows Az operation. 

2.3.2 C10.s 6 Oporotlon. Biasing of Class B ampli- 
fiers is such that, with no grid input signal, the plate 
current i s  biased to cutoff: consequently, no plate current 
flnws for approximately holf the owratinq cycle ( 1 8 P ) .  
--A - < A  A....., ic ~ > , f f > ~ b " .  ,m ?">I<- mid ",me"! flow. 
U " Y y L ' Y U L ' . ~  .I" I ..-- 
Since plate current flows for only holf the cycle, it i s  nec- 
essary t o  use two tubes in o push-pull arrwgernent to re- 
produce the full positive and negative input swings, and t o  
minimize distortion. An exception to this rule 1s in an 
r-f omplifjer where the missing half of the signal is 
supplied by the tank circuit, and the dlstartion con k 
!U:C:YLC1U_ 

Closs B operation i s  normally characterized by 
moderate efficiency (40 to 60 %) In the plate regim, with 
low driving power, and somewhat greater output distortion 
; " - * " . I ,  ,, ,, "3). :I+- A-2 :::Usl:.'ieS iyplcnl C!;; P ;p:,7:ioc 

f:; 2 sing!- tiube. 
Class  B amplifiers are used extensively far audio 

output stoges where high-power outputs are required: they 
are  a l so  used a s  the driver and power mpllfier stages of 
transmitters and a s  audio modulators. 

Special tubes hove been developed, porticulorly for 
Closs B operation, which normally rest ot plate current 
cutoff without bias opplied. These tubes, together with 
improved transformer design, make it possible a! the pre- 
sent state of the art to design Class B stages which 
:czpre f~~:o:sb!~ iz ~r!czr!-.ce wi!h Clnss A stoqes: ond 
yet  provide the L.creased piiawei wtput m,d eificlency 3! 

Class B operoilon. 
2.3.3 C1o.s A 0  Operation. In this type of operation. 

the bios i s  set  between Closs A and CI& B s o  that t i e  
amplifier operates Class A for saa l l  Input s!gnols and 
Class B (really Class AB,) for large inpxt signals. Plate 

tbr,",. 2-;. 
i i o r s  8 Op.rwirm 
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current flows fa mare than half the o ~ r o t i n g  cycle, but 
not for the entire cycle. In addition, the input signa!, ol- 
though just about equal to the bios, is not great enough 
to produce grid current flaw. 

This type of operation i s  used where good fidelity 
and increased efficiency are desired but without sufficient 
drive to produce full Class B operation or excessive 

distwtim. 
As c m  he seen from fiuure 2-10, the bios for Closs 

AB operction i s  o b u t  holfway between the wlues for 
Closs A md cutoff. Thewwer outout and efficiencv are 
higher thon with Closs ~bperotion: hut at the expense of 
more distortion. To reduce the effective distortion, Class 
AB audic amplifiers are o~eroted pushpull, in which case 
the efficienq i s  much greater thm that of Class A opera- 
lion with about equal distortion. 

Class ABz mnolifiers require low-impedance mid drive - .  
sources because of grid-current flow and, therefore, are 
often transformer-coupled to pawer drivers. This class 
of operation provides pawer outpt:t ,md efficiency ratings 
more nearlv eaual to those of Class B ooeration. . . 

2.3.4 Clo.. C Op.rot~on. In C!ass C operatior, the 
bias i s  adjusted to twice the cutoti value or more (usually 
does not exceed four times cutoff value). Plate current 
flows only on the peaks of the driving signal, the grid is 

always driven positive, and extremely high efficiency is 
produced (70 to 85%). Because of the high distortim pro- 
duced, Class C has not been found useful for oudic-fre- 
quency-amplifier operation. But it hos proven excellent 
for use in r-f amplifiers, where tank circuits provide the 
missing partion of the signol, md extreme!y high pawers can 
be conveniently and efficiently handled. The fly-wheel el- 
fect of the tuned tank circuit setves to smooth the intennit- 
tent pulses of plate NXent into sinewave oscillations in 
the tank circuit. 

9m.m. 102 ELECTRON TUBE 

Since grid current olwoys flows, this type of operotion 
should te designated as Class Cz but, being generally 
understmd, this notation i s  usually never used. Figure 
2-11 illustrates Class C operation. 

2.4 COUPLING METHODS. 
Usuoily more thon one ompiifler, operated in cascade, 

i s  needed to increase the amplitude of the feeble input 
31p:I tc :,e :e&lrw aL[;:! \cl.i. Z.ls:oicc ~m~:l!:e: 
slaqes ore conrectel (=~plec ,  t q e u e r  cy  re?lst:lce 
capacitance networks, impedancecapacitmce networks, 
transformers, w direct coupling a s  described in the fol- 
lowing paragraphs. While all coupling networks are fre- 
quency-responsive, some coupling methods provide better 
response thm others, and their basic principles of operation 
remain the sane, regardless of whether or not they are em- 
ployed singly a s  i n w  or output coupling devices, or in 
cascade. Discussion in this section will be limited to the 
actual types of coupling and important considerations i w  
volved in the various functional classes on a relotive or 
cwparative basis. Circuit discussions in other s s t ions  
will fully cover the lim~ting parameters for the specific 

~ ~ 

circuit arrangement. 

2.4.1 R.C Coupling. Although RC coupling involves the 
use af two resistors md a capacitor, a s  shown in figure 
2-12, it i s  usually referred to  as resistmce coupling. 
Because of the rother wide frequency response offered by this 
form of coupling, plus s m l l  size and economy, the resistance 

coupler finds almost universal use where voltage amplifi- 
catim is required with little or no power output. Basically 
the resistance coupler i s  o pi-tys,  hi-pass network, with 
plate resistor RL and grid resistor R ,  forming the legs of 
the pl md copantar Cc the body. Since the plate and grid 
resistors are not frequenq-respmsive, i t  c m  be seen that 
basically over-all frequenq response i s  limited by the 
capacitive reactance of Cc between the plate and grid cir- 
cuits, plus the effect of shunt wiring md electrode-to-ground 
capacitances ccross the netwwk. At d-c or zero frequency 
the coupling capacitor separates, or blocks, the plote 
voltage of the driving stage from the grid bios of the driven 
stage, so thd  bias ana plate or element voltages are not 
affected between stages. I CUTOFF / 

Figure 2-12. 
RS Coupling 

In the mnventional 9-C mnplifier siqnal voltage 
variations on the grid produce plate current variations 
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through plate lmd resistor RL, and the resu!t;ng voltage 
developed across RL represents an onpllf~ed repllco of the 
input signal but 180 degrees out of phase. The amplified 
s i p o l  is coupled through copocltor C,, and appiiw to the 
grid of the next stoge across grid lwd resisior 3g. Tne 
same cycle of operotion i s  r e p t e i  for eoch stage of the 
coscded amplifier. 

Since iwd resistor 5; is in paroiiei w i l i ~  iilr iiieiilol 
tube plote resistance, r,, the lmd resistor oi c tr:we i s  
never made less than twice r,. Usualiy the maximum un- 
distorted ol~tput for a triode i s  obtamed w:th a value of RL 
that i s  5 to 10 times the plate resistance of the tube. With 
pentodes the ex~emely high r,  makes t h ~ s  impructical; 
best results are usually o'btmned wit? o bad resistor of 
! / A  :n ]/ID the value of I,, or nit), o valke tiz: 1s 35 5lqh 
os is procf~col !or [he piate v u h g s  or,; ;;;e;.: ;.ri?e? 
without ;equiriq excessive sspply vn!taqe. 

At low irequencres (oelow 100 cps), the i e i e m i e  ci 
CL, ?!US Ra in series; ~ i o l l e l s  the iood resistor. Bu! <h.e 

reactance of Cs is in serles &:ween the pia:r arm j r i i ,  
and oroduces a lorae voltoae droo (or loss of oain), while . . 
R, shunts the q id  and has the l a s t  voltoge develop& 
ocross it. Therefore, the interstoge grid resistance has less 
oveicll eifect on the gom than the reactance of &, and 
the distributed circuit and electrode capacitance t c  qrou.~d 
i s  not effective and may be neglecrfd. Low-freqdency 
response, therefore, is controlled by the size of the coupling 
copacita. A simplified equivalent low-frequency circuit 
(constant current generator form) i s  shown in figure 2 13A. 
Only those circuit elements which ore of significance ot 
!ow frequencies ore shown. Pilm the coupiing capocilor i s  

- - - - 
1.-gm Ea 

I N  'P L R a  OUT 

C 
HiGH FREQUENCY 
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excessively lmge, distortion i s  coused by excessive phase 
shift, and notorboating may occur. Motorboating i s  caused 
by regenerntive feedback at low frequencies through impedance 
mupling in multiple cnscoded ,?-C stoges with a common 
power supply. ov-. ,, .b , ,e -: u..d-!req~ency r a g e  (I00 tn 20.030 cps!: 

amphficotion is relaivly consrmt, and the mupling copocitor 
rciirZa:l^^. i s  a s ~ h  Inuer t h ~  t h ~  r ~ ~ i s t o n r e  of grid resistor - 
ti,. fierefore, ihe ~ m ~ i i i l i i e  6: cwp:iilg iapccitn: Cc m y  
be neglected a s  in the simplified eq~ivolent mid-frequency 
circuit oi figure 2- 13B. To insure thct the plote resistor 
i s  not shunted excessively by the grid resistonce of the 
f o l l o ~ m g  stage and to mointain a high input :esis:ance. 
R, I; aode twc to iou: times R L  and never iess t i on  SL. 
~. iauaiji in l;.u-!evc: s!3gec :he qi.? res;s:.2r :s 1- the 

~. . , 
. . . .- -. . . . . -. : 1~~ .-.-.-,.- ,.,r.nr ('in- i 7,-, i - ~ 3 . " , % S i ,  l i i : :  :?> VY:uc ,>.% 3 -  , 
arid lwk h a s  ranging from 5 to 10 meqohns; wherecs in 
power amplifier stoges the qri.! resistor :s m theorder of 
0.5 mequilm md usm1:y ilcver =re tksz ! mqoim tilgh . . 
voiues oz gna I ~ S I S I U ~ J L E  ie~l: i~ i l j~s i  z;iirse 3licc: 
due to tne possioiiily ui 911: idien; ::;h ;;-sc.' by :r"p:- 
f en  evacuation, grid emission, and leakage effects in the 
electron :;lbe. 

In the high-frequency range (over 20,000 cps), the 
couplinq copocitor reactance i s  neglected entirely and . - ~  
shunt copocitive effects become the l~mitmq pmmeLers. 
The shunt capacitance consists a1 t"e plnteto-ground 
(tube output) capacitance, the grid-ro-g:ound (inpct) capaci- 
tance, olus the distributed wirina and network capaci!wce 
to ground. The effects of these ~ndividual cqccitances 
ae cdmi xi.<E zr: <;?>y k,e iGm7e< c5 zhp:!n b.:! 
Cd in figure 2-1jC. The overirii iffee; .of this ;-pc:Iorr;t 
In m shunr the signal to oround md iedilcz the response. 

i n  hiqh-f~delity mpl!fier circuits. ! ncreased iow- 
firquency response is i;sual!y desued and is 5rQev.d hv 
bass mmpensnlng aetmris .  Lkewise, io .mdpr, azp!i!iers 
h ? h  !oy- nnd hi+-frequencv responsr must ae incrased, 
and i s  ohieved though the .use o! kan! z , d  se r~es  peaking 
circuits. See poroqrph 2.5 !or a discussinn of R-C and 
R-L cornpensotion mnsideroiions. 

Becmse of the low amount of qm avoiiabie with R-C 
oaupllnq ot iodio frequencies, it is selhm ysed  in r-! 
cmplifiers, but if rnoy be encountered in speclai cuses. pm- 
tlculariy m test equipment. 

1 i 7 inpldoncs Csu~. l in~ .  When on irnoedance is sub .. 
stire.5 for th: n!cte \nod resistor in o resistancrcoupled 
:~ZL!: !!F :z;ecL-- m i p i ~ n ~ :  n r , . ! ~ , ,  C V S U ~ L S .  Xtud;?, 
1.3 aiginoi c:rcu:r daivotion i n w i v p r  ;i s u > s t i l ~ t ~ ~ i ~  3: c, 
ispedm,;e fo: :he qric res!smr nisn 7: mmng me ~ I L G  

inductor series re.wnmt with the mupiing copaciror, boss ~. . 
i~z:lrse wcc ~ m p r n v ~ n ~  -.owever. LLC i m ~ m c ; . ~ ~  &.e.eU 

aore of n discdvan!cqe Lmouse of high-ireq,iency shunt . . . ,  
;"ssr>, L-L'-:< c;:c;;: ;j $r.O,* :: i:;...:-. i - . q  .,9- . I . . -  - 
the ctnn4m? i-reonncr coupici. i ire irnpeda~ce zdi-piii 
qero tes  in the same manner as the resistance mupler ns 
!:: 2;  C, -2 C ,  .I:? c ~ c n r n a i :  f h ~  ~ O S L C  difference is in 
r;tesi ui :be plate ii;jpdcoce. 5y  us!:^,; a; i ,~reaance In the 
:!ice eiic.l:t !?cs unitzge kop occu~s  for o ","en vukoqe 
- - - '  T'---l--- - !-.-PI rl>nniy W I I T ~ C ,  w i i l  PIo~I13i. rite ..,., ,.,,.. , ,,-. ~ L ~ " . " ,  " .- ----. .~ ~~. .. . 
bt~msmv d&ti"e ZIGS ;ck=;, ! ?se  :s Less 1% ( ~ w e r : ,  ins%, 
ma a Letter over-all eznue:q r e s ~ i s .  ~ l j ~ - i i c q ~ c r . - y  
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Fig.'. 2-14. 
Impedance Coupling 

response i s  dependmt upon obtaining a high inductive 
reactmce in the plate circuit, and requires a large number 
of tums for good low-frequency response. The distributed 
capacitance associated with a winding of many tums produces 
a large shunting capacitive reactance with a cmseqrent 
drop in high-frequency response. Since the impedance of 
plate reactor varies with frequency, the response i s  n a  as 
uniform a s  that of the resistonce mupler. 

The impedmce coupling circuit i s  used where o limited 
response over a relatively narrow band of frequencies i s  
required. As a result, impedance coupling i s  mostly employed 
in tuned or untuned amplifier applications such a s  i-f or 
I-f stages, md  its use in audio applications has generally 
bem discontinued in favor of the R C  or transformercoupled 
circuit, except for special designs. 

As in the resistance-coupled amplifier, series and 
shunt peaking mmpensafing networks may also be employed 
to extend frequency response. Bass boast circuits in 
pmticular can be advantaqwusly used. However, a s  frequency 
compensation i s  increased, the circuitry becomes complex 
and its use i s  restricted to a particular application, y, that 
the basic type of mupling circuit i s  no longer of much signifi- 
cance. 

2.4.3 Transformer Cwpllnp. When the primary of a 
transformer i s  connected a s  the plate load, and the secondary 
provides the output signal, eitha to the next s t q e  or an 
output device, we have what i s  hown rn transformer coupling; 
see fiqure 2-15. 

Figure 2-15. 
Transformer Couplimp 

With transformer coupling, response, gain, and out~ut  
cunsiderations hecome more d~fficult to pred~ct, besat,. : 
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they depend primarilv on the trmsformer desian. Basicallv, ~. . . . 
the use of transformer coupling provides additional gain, 
cchieved t h o w h  the use of a step-up turns ratio of primary 
to secondary, but this gain usually does not exceed 2 or 
3 to 1. Since there i s  no physical d-c mnnection between 
stages, plate ond bias voltoges are kept separate, md the 
a-c signal i s  mupled from the plate of one stage to the grid of 
the following stage by the mutual inductive coupling between 
primary and smndary windings. 

Low-Oeqymcy respanse i s  primatily dependent on the 
inductive reactonce of the primary, dropping off approximately 
3 db ot the frequency where the inductive reactance i s  equal 
to the plate resistance plus the primary resistance ( 2 n f L  = 
R P  + R P d .  

Gain at the mid frequency i s  the highest, and i s  es- 
sentially equal to the mplifimtion foctor of the electron 
tube multiplied by the trmsformer turns ratio. Response 
i s  considered to be relatively flm over a range of frequencies 
abave and below the mid frequency, but such results are 
usually achieved only in the idwl case. In practice, the 
response curve i s  a continually changing cwve, dropping 
off on either side of the mid frequency, with possible humps 
produced by circuit and transformer resonances. 

Since the smndary contains more turns than the primary, 
a larger shunt capocitmce to ground i s  produced and, to- 
gether with the primary and secondary leakage reactances, 
limits the high-frequency response. 

Transformer coupling i s  genaally used for interstage 
applications with electron tubes having plate resistances 
of 5 to 10 thousand ohms maximum, since higher plate 
resistances require excessively large transformer primary 
inductances. For output stages, lower plate resistmces 
are used, and the transformer i s  carefully designed to 
handle larger plate currents. Generally speaking, a lower 
plate resistance improves bass response, while a higher 
amplification factor provides grater  gain, and lower plate 
current poduces less d-c a r e  satwation effects. 

Since the impedance trmstomation in o transformer 
varies a s  the square of the turns rmio between primary 
md  secondary, output and input matching i s  possible and 
i s  extensively employed. For interstage applications. 
matchinq i s  not always used, because rawer output i s  not 
required; in this cas;, more attention given to  the step- 
up ratio to provide a higher vol tqe  gain. 

The limitations of frequency response generally restrict 
the use of transformer mupling to audio circuits which do 
not require an exceptionally wide bandpass or frequency 
response, but &require Voltage or power outputs. Wide use 
i s  found for trmsformer mupling in the radio and intermediate 
frequency ronges where selective, high-Q bmdposs filters 
md  tuned Wmsformers are universally used. See Tuned 
Interstage IF Amplifiers Circuit in Section 6, fm o disms- 
sicn of tuned transformer coupling. 

2.4.4 01r.c~ &upling. Ei~ect coupling i s  charac- 
terized by the d i r m  connection of tube elements: that is, 
the plate of the driver stage i s  physically connected to the 
arid of the drivec smqe, md the couplinq network i s  elimin- . . 
oted. A basic two-stage d s  mplIfi;r is-shorn in figure 
2-16. 

Slnce tke p l s e  an4 b ~ a s  c~rc l l t s  are rot lxlated 3y c 
liwsformer n ccuy!lng copc.lor 'ne direct-co~plln; :irclllry 
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OUT 

Figure 2-16. 
Direct-Coupled Amplifier Circvit 

!s slightly complicated by the nnmqement necessary to p r r  
duce an effective neFtive bias. Usually a voltage-divider 
bias arrangement similar to that shown In ilgure 2-16 1s 

used. 
Exomming figure 2-10, n 1s evident that the cathode 

of V1 i s  biased by RI;I between points A and 3 on the di- 
vider, while the plate is connected through RL I to point C, 
which i s  ot o potential equal to app;oxirn~te!~ hcl! !he supp!y 
voltage. Plate current through load reslstor R L I  (which is 
also the grid resistor for V2) provides a negative voltage 
drop and bias on V2. The cathode of V2 i s  tapped back at 
point D an the divider, and produces a voltage in opposition 
to the drop across RL I. When R k 2  is correctly adjusted, 
the voltage on the cathode of V2 is always more positive 
than the pide  o! Y i (and the grid oi Y&, ploduc~ng m 
effective negative bias on V2 of the desired value. Voltages 
must k chosen so that the grid of V2 is not driven ?nsit!ve 
by the input signal. Since the plate r i  V2 is at t i e  highest 
posltive point, it i s  more positive than the cathode and 
conduction occurs. Thus the plates are maintained p s ~ t i v e  
and the grids zqative, to provide the ms.liti3r.s required 
for operation. 

Bemuse there i s  no coupling netwoi~ inserted between 
the output of one tube and the input of the following tube. 
there i s  no ptrose distortim, time deloy, or loss of frequency 
response. Siqce the plate and grld ~f the me direniy 
a n n e e d ,  the low-f~equency response i s  edended down to 
dc (zero frequency). The hgh-irequency response is iimitsd 
;z!y by h e  "be h!e:e!ec!:ode!c-;rc;~i ccpcci!zcs, p l l r  
the eirmit distributed wi:L?z ccpx i txce .  Ei. qz:cz:ize 
- c * i q  (or a:sm,3tct~ng: z! : 2 s s ,  L , -L  ,,.,., ..-',,-- ." -, ---'. ,.,?., 

fication and pow6 output may be abtaine?. 
Since the ase "! mire :ha-. :ri i  s t q z s  ieqiires ?!St 

voltaqes two or more times the normal value for one t u k .  
?lote surely r5ns,+r"t!".c l!~!! " c  rn..ni!".q rn 1 i n w  

stages. h y  chnnge in the scpply ,voltage afiects 
ine bias of all the tubes ajtd is mnidutivr, rhrrefurr. 
specid voltage supply reguiaion circuits ate n e s s o r y .  
Noise and thermal e i feas  in tubes prodwe circuit instob;lity 
%?. &if: t i e  !ki t  !L:, ilr? nf !Er ! j r ~  cf m:p!ilg i l  05din 
or r-f amplifiers. 

Yecause of its ab!i?ty !c nmpli!y dire* cure"! nr 
zero freqiim~; d-c coup!=.! circctly is o!!en .;.%?. ifi c m -  
p u t s  ~ i r i - ~ i i ~ ,  wiiid ili the autou; i i i i ~ i t ~  u: rid& umpii!;eis. 
d ~ a u s e  response 1s pract~caiiy instanranmus Ma no rime 
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delay occurs, it is especially valuoble for puise circuits. 
D-C amplifiers ore discussed in gieater detail in Section 6, see 
Direct Coupled (DC) Amplifier circuit. 

2.5 TIME CONSTANTS. 
i n  the previous paographs on osuplir ly niiuits, it has 

been sham that iumped inductance, capacitance, and 
. :  .--.. ... .- -.,..I- .---. L-. ,,,..:",,- -,,.,.+, "-4,. 
I S ~ I ~ L ~ I L S  U S  Y O N  L U  W U P l  >""="'" .uiuvr -.--..-..." 
cirmits. it has aiso been shown that t?ese oasic compo- 
nents are affected in various ways rhm responding to 
signals of diffaent frequencies. Properly aonnected they 
can be used to s h a p ,  control, or distort signal waveforms. 
Since R-C and L-R combinations contmn lumped cwacitance 
or inductance, they always require o finite time to charge 
or disdorge, md thus provide o slmple orl!nnet~coi figwe 
(3;e J)GSLT~:) w5&. :s sse!;i! i:: :he ?scscusrir.z r.! 'he 
operotion old performmce o! these circuits. 

2.5.1 R-C Clrcul,.. D,e time conston! (TCI o! an P-C 
circuit i s  defined a s  the time in seconds tho! i s  required 
to chorge (or h d m g e )  the n-i networt to n mthmeticd 
"due o! 63.2 percent. As normdiy used, ~t is deilned a s  
the time it takes the chage to reach 63.2 percent oi the 
maximum &age,  or to discharge63.2 percent and to rwch 36.8 
percent of the initial (maximum) value. To obtain the tlme 
co~stant ,  the value of the resistance in ohms is multiplied 
by the value of the capxitor in farads (cr megobms and 
minofmads); that is, TC = R x C. 

Consida now the onion of o serles R-C clrcuit when 
a voltage i s  applied. The capacitor chorges heuvily in n 
exponential mmer ,  following the cxve oi figure 2-17. 
At the aid oi a paioG oi time eq"ai ro o c i  11x2 consr,-.c 
the voltoge m s s  the cwacltor r exhes  63.2% of the 
mn_r?miun "due nf vn!taqe ilp~l!..i ii tne h o r n ?  i s  mntuluro 
a the end nf the second time mns tn t  i?!erval it rises 
63.2% of the voiue ranaimng ut the en3 01 the first time 
ionstant 13.8%1, to rwch a new volue oi 86.4% m m m a  
voltsge !??.?% :.--r2ning). ??gs a! !be e1?! flvt. Vim 

constanxs the voirage has reocined n value oi X.3% of 

--v;-,~- . . . -. . - . . , "r - . -\-net - .. . - - . f9,11 . -. . Anme - . - > . Thareticnlly, r h p  mn- 

&tion oi complete &mye joi dsmarqe; ,will no: be obtained 
bgt !he d i ! t s ? n ~ ~  > R  U- :nf!n: r~s: - i i i  ~ m n i i  a i m  h e  
:ime z;.cs.:s Lh: !he rm%z~-,; vd-e cz? cc np.!W.eC. 

(Ih.. .l. .-..~.-.:-'.vl.. A--,.> : a  .L- -".?,-A 
"""i L"C "'Ylui.;ir .n i u i r  u i u v c r .  .. urrr.-" 

volrage 1s remmea mu !tr capaiior 1s cunitraw iiiiosa 
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frequencies. Port C shows o parallel R-C network which i s  
insetted in series with the coupled stages; it functions to 
b y p s s  the higher frequencies across the resistor, with 
R and R1 acting a s  a voltage divider at the lower frequencies. 

Since most electrm tube elements are biased through 
a series resistor bypassed by a capacitor, it i s  evident 
tho1 quite a number of time constant circuits exist in any 
circuit cmfiquratian. ' R e  effect inat the time constmi :.cs 
with regard to frequency response and time delay becomes 
an important factor in the design of pulse circuits. See 
Sections 17 md  for a complete discussion of these 
factors. 

2.5.2 R-L Clrsults. The titime nmstant (in s ~ o n d s )  
of a circuit containing m inductor and a resistor 
:cr:z!d L? -!?= mn hp found bv dividina 

!! n_ d i  voltaqe i s  applied to o series L-R circuit, the 
output current does not rise instantaneously to a maximum 
value at the instant the voltage i s  oppiied. The n s e  of 
nrrent 1s sl3wed l o w  because t?+e ~lductance c r d ~ c e s  
self-inhced cwmter vi taqe rklcf. 3ppcses .he qpl l& 
voltage, causing the inductance to oppose any change in 
current flow. Thus, current flow begins at a zero rate and 
increases exponentially a s  the self-induced counter emf 
decreases. When a voltage i s  applied to an R-L circuit, 
the voltage across the inductor vmies as shown in figure 
2-18. At the md of five WR time intervals, the counter 
valtoqe across L drops to approximately zero volts. 
During the smetime lntervaithe voitage drop across 
R, which results frcm the current flow in the circuit, begins 
at zero volts and ifizieoses a! an e x ~ . e n t i n l  rote untii, at 
the end of five time constant intervais,the voltage ocioss R 
n m l y  equals the applied voltage [similar to figure 2-17]. 

When the applied voltage i s  removed, the inductor again 
opposes the change in cunent flow by attempting to keep 
the current flowing. The counter emf now prnduced causes 
the m e n t  to decrease at an exponential rate. n e  volt- 
age acrcss R (ond a c n s s  the inductance) during the decoy 
period, shown in flgure 2-18, drops to approximately zero 
volts a t  the end of five tine imstcnt in term!^. 

Figure 2-21 shows the circuits for basic L-R networks 
similat to the RC networks of figure 2-20. Operotion i s  
identico: far rhe ;om~cah!e !rses o! cetworks. 

F i p r e  2-21. 
L-R Circuifs 

Port A o! c a r e  2-2: illusrrmes u irpii i l  : ~ - p a s z  C!!c: 
mmgement. Since the reactance of L increases olrecrly 
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with frequency, the higher frequencies are attenuated ond 
the lower frequencies are passed. Part B shows a typico! 
high-pass circuit, which develops o larger voltage across the 
inductive reactance at the higher frequencies than at the 
lower frequencies. In port C the inductor acts a s  a var- 
ioble shunt for R at the lower frequencies and as a voltage 
divider with R1 at the higher frequencies. 

Since :LC L~dzctcr ha2 ?is!rjht4 (t~irns) capcilance 
a n o s s  it, undesired resonant iespnses  may o c a r  in L-R 
circuits containing lorge values of inductance; therefore 
the use of these networks i s  usually limited to high- 
frequency applications. A practical application in 
resistmcecoupled circuits i s  the insertion of a small 
inductance in series with the plate resistor or in series 
with the grid caupllng wpacilor to improve vidw response. 
Tliese circ,uits me colied s k r  md se:iea ;i;--i:z: 
respectively, and are illustrated in figure 2-22. 

d B +  
SHUNT PEAKING 7 65-773 C,k + c d e T .  

B+ 
SERIES PEfiKING 

FI~UI. 2-n. 
Shunt and Series Peaking Circuits 

L.. !he ?hunt peaking circult, the increased Inductive 
:eac!mce at the higher video frequencies produces on 
effectively higher iood i m ~ a n i e  md !mqer ou!px 
sionol for coupilnq to the next stage. W,en the p&??q 
--, -.--> !I.,? 1 -  sc.e.t*; ," :.2s..,..:= A.:!  : . L ~  :. -: : ... ".. .-... 

cawcl!ance tcaroun! ol the eiecum 1Lre I y.r3::c! 
resonant ci rruit is onmnec whlch aiso 'kasii 
mplificatioo at and mound the resonant frequency. Tnc 
series peaking ;rdu;?ance :s usuuiiy s e k c t d  to pia?ucc 
o series resonant circu~t wit, the qt:d-!o-.;ro?~..d tube ;r,d 
circuit capacitance. By combining both shunt and series 
---~i-- -hA21y i- .,, - - .hn- 1 .--J-, n r m t ~ r  3.--- ~~ h!qh-frequency resDonse i s  
obtdned. Excessive compensation, hcwever, may cause 
unwanted translent responses. See section 5, Video 
Amplifiers Circuit, for a more complete dis-ussior. o! 
...I. :.. -:.-,<,- peY",,,y i.lL"lU. 




