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SECTION 23. FILTER CIRCUITS 

HIGH-PASS CIRCUITS. 

APPLiCATION. 
Highpass filters are universally used in circuits where 

it i s  desiird to pass the highe: keqacncies md to attenuate 
the iower irequennes beiow a seiecred curoff frequrncy 
(10). 

CHARACTERISTICS. 
Resistancecapacitance-type filters ore used only for 

audio hequencies, whereas inductance-copacitoncetype 
filters are used for both audio and radio frequencies, and 
wherever c h q  c~tsf!  is required 

The hiqher the frequency above cutoff, the lower the 
attenuation; below the cutoff frequency the attenuotim in- 
creases a s  the frequenq decreases. 

May be half-section, sinqlesection, or muitiplesection. 
with the multiplesection (ladder) type providing the great- 
est attenuotion and sharpest cutoff. 

May Se o! either the "constant k t '  a ",-derived" form. 
or combinations thereof. 

CIRCUIT ANALYSIS. 
G*l.rel. A filter consists of o circuit containing a 

number of impedances grouped together in such o manner 
that it has a definite frequency response characteristic. 
It i s  designed to permit the passage (transmit) signols 
freely me; u ieiiain desi rd  iairqe of freqiie;,cirs, and to 
attenuate (transnut poorly) over another ranqe of irequencies. 
The frequency range over which the passage occurs freely 
i s  cnlled the pass bend, (or transmission bond) and the 
range over ,which attenuation (pmr transmission) occurs i s  
colied the onenuocia band. ?he frequency at which the 
attenuation of the signal starts to increase rapidly is 
know a s  the cutoff frequency. The h s i c  mnfiq~rotions 
into which the highpass filter elements can be assembled 
or armnged are the L or holf-..nion, the T-.e~tion, and the 
pi-section. m e  L-section consists 01 one series capaci- 
tive element and one parallel (shunt) e lemat  of either 
resistance or inductance, forminq on inverted L (since two 
L-sect~ons may Se connected together to form 3 symmeuical 
T or pi-network it i s  referred to a s  a hali-section). The 
T-section oonsists of two series capacitive arms and one 
shunt  ucm, iesemblinq &e iet:i; Y. 7ne pi-sectior. consists 
;; one series c;poci;iue om .wit' bi.3 shcnt sms, resembi- 
l,lY ITii. :eiiei , i .  ScvCi.Ll ae:iiol.~ h;lf-je::i^-~) 
of the some circuit mnfiguration can be joined to impmve 
me i~ i l r r  utrenuu~iun or uonsn,;ssion ilks~x:teristi:. Nher. 
several sections are cascaded together, they torm a ladder 
rype of filter, Wt.n u filter i s  inserted into o circuil, it i s  
dsiioliy terminold (matched) kr? i resistance of the same 
value at the inout ends. The value oi the temlnauno reslst- 
ance i s  usuali; determined by the circuit with which the 
filter i s  used md the type of filter circuit employed. In 
some instances, circuit parts may be arranged basically 
in ihz fom . - c  - A e<,,3! e 5.1' .i..er. even thouah it i s  not desired . . 
rn ?row& su i i l  Iiiirr action initially. For example, :r.e 

. 1 n - -- - I : - -  -"*...".L .- "- ",,A;" "mn;i;ier "?id 
.,',',$,,C IYYr.U.\, .,I...I.,. '.' I"-._ ....i.... 1~~ 

cii~yi:  pi~i.j?es 2 hi$rposs fi!ter effect vith low-freqoency 
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cutoff, and neates  o design problem because equal ampli- 
ficatim of both the low und high frequencies i s  usually 
desired. me cutoff frequency of a filter i s  determined by 
the circuit configuration, type of filter (constant k or m- 
derived), und the values of the capacitors and resistors (a: 
inductors) in the filter circuit. When the cutoff frequency i s  
k~rown, the values of the parts required to prohue this 
response and the desired arrenuotion may br cilliulatcd 
mathematically by use of the proper formulas. n i s  h a &  
book will not be concerned with design data, but will show 
the circuit configuiatiwrs, explain the circuit action, and 
provide information with which the technician can deter- 
mine or recognize the type of filter and determine the cut- 
off f~equency, if needed. 

Circuit Cpcmtfon. A typicwi haii-secr~on R-C nign-uuss 
filter is s b w n  in the acmmpanying i~ustiotion. 

Half-Section R-C High-Pass Filter 

The simple hi&-pass filter shown in the figure i s  equival- 
ent to an BC coupling network placed in the grid of an 
ompiifier stage. Note thot the output voltage is taken 
across the resistor, and the capacitor i s  seriesmnnecied. 
?he circuit is msicalig that of a voltage divider in which 
C forms the reactive a m  and R the resistive arm. If the 
value i s  selected so that the capacitive reactance i s  equal 
to the resistance of resistor R a t  frequenq f i ,  then the 
output voltage of the network will be attenuated opproxi- 
mately 3 db with respect to the input voltage. ?his f r e  
qlienq i s  called the theoretical suwH frsqurnsy, and i!s 
volue i s  given by: f i  = 1/(2 n R  C) in cycles per second. 
'fie values ot Rand Core in ohms and farads (or in mep  
ghm; cn? ~icrofarads;, w d  Rr; i s  the tlm. constant in 
secmds. Thus, if the low-frequenq response of on R-G 
zoupld m7lff:e: is specified 3s hnvinq n time constmt of; 
for example, 20W microseconds (wbich i s  sometimes done), 
i. muds 80 c ~ s  !mp!y the values in the formul~ above and . . . .  
coicuiate). h the exwplt ,  ".e t~eoretical cii:~!: freqier.cj 
i s  ~oproximately 80 ms, nnd s m r e  on!y o simple half- . . 
section filter i s  used the cutoff is not shmp, but varies 
directiy with the copucitive ~ h i e t m s e  of C. Hs:v-ue:, i;.i't, 
a sufficient number of casmded filters of the proper value, 
it muid be made reasanably sharp. 

Consider now o T-section filter a s  illustrated in the 
accompanying figure. .'. .-  - ~ - -  :. ;"--" " ,,!! .eo*, <,," i:!,> L,LL",C ,,,," ,,,,=,,,,.,<* .-.... " - !".. --" +.i,2!! C,Z? k 
,-I-,nsider& os ?ti0 Mi!-sections (Lsect!ons) pig& 'mck 
to back with resistor R common to tnth. 

JRIGINAL 
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T-Section ROC High-Pass Filter 

Note that in this circuit arrangement the two capacitors are 
connected in series; consequently, the design value of C 
i s  doubled. Likewise, the design value of R is also 
doubled since the two resistors are paralleled, thereby 
making the effective value of R that of the single Lsect ion 
The T arrangement provides a symmetrical input and output 
with the same time constant a s  the single section Ltype 
filter. A typical pi-section filter network i s  shown in the 
accompanying figure. 

Pi-Section R-C Hiph-Pars Filter 

In this full-section orrongement the value of the resistive 
arms is, likewise, chosen to he double that of the half- 
section anongement, and C i s  equal to the total value of 
the two series capacitors of the T-section arrangement. 
Development of the pi-section from two inverted L-section 
filters i s  illustroted in the following figure. 
The values used are those of the basic holf-senion L- 
filter. Note that in m y  of the three previously shown 
filter arrangements the actual time constant values ore 
identiml. Therefore, the response and attenuation of each 
ore olrr  identical. L-sections are used where only a simple 
unbalanced input and output i s  needed. Tne T-ond Pi- 
sections ore used where halanced arrangements ore r e  
quired. Multiple-section filters ore used to obtain grwter 
phase shift and more attenuotim. Thus, a twc-section 
filter using identical values of pans will multiply the phase 
shift and attenuation by a foctor of two. For complete d e  
sign data refer to a standard ten. 

In any of the filter arrangements previously discussed, 
the attenuation is assumed to be zero immediately above 

Development of Pi-Sectien Filter 

the cutoff frequency, lo, and very large for frequencies 
telow 10, as shown in the following response gaph. 

Phose and Amplitude Response Characteristics 
for Hiph-Pass R-C Filter (lo = I730 cpr) 

However, a s  can be seen from the chart, the attenuation 
(for o singlesection filter) becomes refotively con- 
stant a t  about 12 db/octove (20 db w r  decade) a t  f r e  
quencies considerably below the c;toff frequency. The 
phose shift ronqe from zero ot the hiqher frequencies 
;bow 10 to 45 deqees ot 10. Below the cutoff i r e  
quency the phase shift soon becomes constant at 90 degrees. 
The dotted line indimtes how this typicol Bode plot i s  
rounded off to similate aocticol conditions. As a 
result, a Mb difference exists between the octual and 
theoretimi response at the cutoff frequency. 

The effect of a high-pass filter on the response of o 
rectanguiar pulse is indicative of the oaion produced by 
this type of filter. Since the output voltage of the high- 
pass filter i s  taken from across the resistor which is in 
series with the capocitor and the input circuit, it i s  evident 
that before the pulse is applied, there i s  no charge in the 
copacitor and no current in the circuit. Therefore, no vol- 
tage output is obtained. Upon opplicotion of the rectangu- 
lar pulse, the initial current i s  equal to E/R. Since the 
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output voltoge is equal to the cwrent bmes t'ne ieslstar.ct, 
the output voltage also rises instantaneously t~ L. Trailus 
the rise time in h s  circuit is mointclined without cny change. 
However, a s  the capacitor charges, the current throuah the ' resistance decreases: hence, the outpdt val tn~e decreases. 
E?entua!iy, the ;uoaci:or chorjes tc !he :-:;;I rc!:z<e 323 

the oatput vo!tcge Imps to zero. 
7he fnllowinq ftgurr silows ti)? rrvei-,!ll LPU!X,IISC ( I !  1 

hiqh-pass filter to o rectangular pclse of 15 rnlcrosccon?~ 
durotion wlth different time ccnstant ,mlues [ R a z e s  3:. 

Typical P t ~ i r c  Response Variation ulfi, Tsmc 

Constant or Pulse Width Changer 

- ,  
t mm 1r,e prevlobs :>crU3,:;::. i r  ~5 c.::,:: ::.i! t:.= .LC :. ... 
1s unaffectea, 0s snown in tne !Igure. i i ien tne time 
constant i s  lonq witir respect to t ie ?ulsr 5s-J!~o:I, ilttle ' .  . . .  : . _ I ^  . if. 
c..L-... l,i .... ."..'..< ..,,u"l 1.. ....... ..* ........ c .  ...... 
o time constont ai ijii rnlnosrconds :n in? i!i:rr: u:;i n 
pulse oi 15 !!,icroseiands tinle l i r t i o n  upylizl i ,  l : ~  
filter input. the output voltage wlli dron :a snlv 5.9 rii 
the input voitlqe, cs  sbowr iy I ~ P  dm!!? line i7  t ie  3:- 
ur. (for gn ?,:I! in!?- r f  113). on the ;ti,er : r!, r-" 
t$- 2=+dlsz < ! ~ i r ~ t i ~ c  is %GG!  tc :kaC ti7.e cxs:mt ,  .:.= 

capucltor iiarqes to ~p~~ron~mnt r ly  &,L of !tr f i l l :  llmie 
n.,d t h ~  r,,rrev: f!.'* f"rnl,"h ti. r-cis,"? 1 -  , -; . .1 
p r 3 d l ' ~  3";::: .("]!,! :e "! L':.; C.37 !!;.:, - f  ti:, :->:;t 
, W l ' / t  8 . " r h o . , "  ...,, ....... - ........... . ~. 

'.to?. 1::" input ,voltone r g i r  !c zero 
-..,., 
,,"lbL d"rat!GK ;.er,z?, 1% :,:;..t .z:!J-- ,. ' -  . - .-: . . -.- . 

. . 
is eauol to the V O I ~ U O C  across t:se c :ijoc~ti,r. , (11 ::#- 

stmce; in the pleviniis example o! !r? i a l l r  i ! ~ ?  inn- 

slant ratio o! LO, the nu!?u! vo!!aqe drnp:ri to ?:I,. 
. ,  ,, ! t t .  I!.L:L:Y;~, " ..:..Ji,= ": I.:.. ... "_L i.\.... 
cn tor i:nl>!lC,t"r !I, t l ' e  el!<: . . I  1P.Y !:l?li-. : < , e  !''?!'::: !I<>! 

is celati.;c .;<;:'' Fczsc"' -. '^ .* *'.? ..... 'c-..' ..-!+-." .. 
sinre i t  opposes the iny:  volt or!^. T:II.IP~OTP. i i i ~ e r .  r r r  

;z;s: ~ , a l t c ~ c  2:c+ :z LC::, :!YC :,.:+, ..,!:.;:>- :. .: , , , 
-O.ii, an3 li!ec:cciror <i?esi i l i i r ; ; l  :es w /.-re I.;. 

I ,  is ,,,,; -,,, ,, ,: ; ,:,,. . . . . . . . . . . . . . . . . . . . . . . . . .  . , 

"CI"CE !" rL'>z~!l"~ '! '"" ;-- P f  (" '"rl':-' ^?'!?. 

Yi L..c <".>L, ;, .u .,lC".L. A;.. .< . .  ..; .. 

n! t: r csltput of t ie  i.irc.nt ,wt.in !he inprlt i l i ! ~ ~  !:!i 

10 7.iTO. 
". >!nee F*- ' ij!tir; ics?cci !i 1% ti lie ~ ~ n s t n n t  O !  ::le 

rlicl;it, i t  ,; -:::FP.! fLi:t ;:i.ile !i:ters ? i  r3n.i  sect!or.s 
c;,? Lt ilsi:, t:e 5:1;.3!e equivaien; t l~ce CCnStOnt oi the 
entjre fie:.<cr;: , . I ; ;  zzslczl;y qe:ErraKe tk,e f:itc7 ck,a- 
acteiljtic;, m i  t n ~ ;  redly scarp cutoff c;n:::;t be 0:)- . .  " . ,  1 ~ ~ ~ 4 .  ::I!; t-e ? - ?  ?! - !?$rpi rir-.~litc, -nwpS?er, 

i t  1s nass,S!e to i r o l u i e  :he es i re6  acss bond ~ i r h  c 
~ P , : C /  S / . ~ N ~ Z I  i l t i i f i  and nttenudtian ci~nro;!tiisti;s. 
Slnce bott: injljctance and cnoocitunce are used, a s ingi i~  

i l < "  <- 

,.%AC,4., ,ti--- <>-.j+- 

I N  

I I 
3 ollr iN ? OUT !N \ \ <  
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I 
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V L L S E C T l l N  T- SCITtON P: - SEC I O N  

Hiph.Parr L - C  Filter Circuits 

:%sic filter tkeorv itipclures thct -jr2ere rroct3ncrs of 
.no e..-c, ..... , a , + q n r  - , :  --n,,F,,npTm nF " i l  .nq..,.v.m.. ) ......................... 
:re ;:sr,:, 1.2 ::?;,:rterlsti; ~m;~:::ni~ r rp~m:~?  k: !>? 
. . I .  . . . . . . . . . . : . . .  ., .............. ......... ............................... 

i::,ri .,ii:,i, ,:,U i i  ?., .<- , 1 "..".., .,,.,. ;! ;.,c;;i; ;:;. 
31F iisel (soch ss co;,~cltac:-e in'. :nductonce), tne c k a  
,,cterirt~c lizpt;imce neromes resistive 31-1 onc::n:e . .  ...... . . . . . . .  . . ..-...... ~~ ~ ~- 
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greater. Typical circuits of the series-connected, m 
derived type are shown in the fol!oriini illustration. 

PW.000.102 FILTERS 

Yln?!e c constant attenuation is shown for the constant 
k type, with a reduced value of attmrntim klow i, for the 
m d e r i v d  type, the sharpness of the wderived cutoff ot f m  
(assuming zero circuit resistance at resonance) provides 
better h~<n-pass performance, os illustrated below. 

HALF-SECTION T ~ S E C T l O N  Pl-SECTION 

Series m-Derived High-Pass Filters 

As con be seen from the illustration, a series-connected 
L-C network (L2 C2) i s  placed ocross the output or across 
the mid-termination of the filter circuit. As designed, this 
network i s  mode series-resonant a! 3 freqlency below the 
usual cutoff frequency. For the highpass filter this reson- 
ant frequency, ca!led the frequency of infinite nttsnumtlon 

(f ,), i s  selected a t  o value of a b u t  0.8 fo.  Since f ,  i s  
resonant and is series-connected ocross the inpu! or output, 
it represents a short circuit ocross the filter for !he reson- 
ant frequency (with a pass bond determined by the O and 
resistance of the circuits). Therefore, the normally sloping 
attenuation characteristic which approximotes 12 db/octave 
for the corstort k filter i s  "notched" off. In efiec!, the 
mderived filter is sharply separated from the frequencies 
klow f a r  ond thereby provides sharper and tetter cutoff of 
the lower frequencies. The oction described can be vis- 
ualized clearly when the attenuation (response) choracter- 
istics for the two types of filters are compared, as shown in 
the following figure. 

lm,(: apysE 
z 
0 

: 
z w + * 

.MAXIMUM 
RESPONSE /"?g,!ysE 

0 0 
m fm f u  

t !  
F R E P U E N C V  -A. 

Cornr-: - ,n  of Filter Ansnuotion Choroctarirti:r 

Comparison of Tranrmirrion Chorocterirticr 

The shunt-connected type of mderived filter is shown in 
the follaw~ng figure. 

- 
H A L F  S E C T I O N  p i  S E C T I O N  

r' T SECTION 

Shvnt n-Derived Hiph-Pars Filters 

In the shunt-type filter, the high-pass action cccws by pass- 
age of the siqnai thio~gh t!?e filter vio capacitor C l  for those 
frequencies o b v e  f,, and by ottenuotion of the signal due 
!3 the action of the prollel  resonant circuit of L I C l  ot the 
irt ixte ittenoation frequency, fm. In addition, since the 
irduc5,ie rni ionce of Lz increases with frequency, the 
lcwfi. Irequencies below io are shunted ocross the output 
v.6 ' ox .  .Cince the parollel-resonant circuit of L I C I  repre 
sents r hi+ impedance at resonance, frequencies around 
!, (depending +on the circuit Q) ore greatly attenuated and 
Ire prevented from passing through the filter. This type of 
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operation i s  mostly used fur the bmd-rejection type of fil- 
ter, to be discussed later in this section. 

In the mtienved filter, m i s  a deslqn constant from ." . 
which the filter qets i ts  name. i n l s  constunt hasically 
represents a couplinq factor, and appears in 011 the desisn 
forn~u~as. it i s  some ~ a h e  less thon 1. ;s;;!!.i 0.6. R z s ,  

the frequency of infinite ottenuotion is; fo. = Ltm, which 
for acutoft frequencj of 7WU kc ondan m of 0.6 is, by s u b  
slitutinqvalues, 7000 n W =  7W0 x 0.9, or 5000  kc. 
The cutoff frequency for the mderiwd hiqh-pass filter is: 

to = I / i n m .  
in this czse the value of m deterrines the finai values of 

7 - - > "  XUL-. .L. . ..'t r.-- ~ .., .L.'..- .r 
Lull" u. l l r l c l l  l l l i  LillUii l l i , , U i , i L l  llll" I I I C I I I q U C I I L I  "1 

inflnite attenuat~on are knoum, m cax be detern~ined from 
tie iarnaulo: 

If the frequency values in the example above are substi- 
tuted in tt.is formula, it will be seer that m i s  0.6, os 
selected obave. 'When m isequcl to 1, <he m-derlved !liter 
and the constnnt k {liter nrr ide~t!ral. Voiues ot m sr:oiier 
thm 0.6 move f- clcser to I, (st.anen the cutoff). md v o l ~ e s  
greater thon 0.6 move f- farther from I. (broaden the cutoff). 

In the schen~atic illustrotions of the filter sections shown 
previously, "orlous values of L and Care  indlcoted. l%ese 
indicctors c:ere!y zbs:.: ti:ot the dec:- .:c!Lec :! L ~3 C 
a s  chosen are either :hot uf the uriqinui value, or ure mul- 
tiplied by I-. " .:" '. ' 1 ' , 

i u .  ...- ,-.. . ,?I , LO pn:*cr t , e  proper :cti: 
value for use in the coniiquratior iliistiatei. Tnis chmqe 
of value is necess~toted by the requirements for Drcper 
matchinq, and for the connection of cascoded filter sec- - 
!ions to p r e i ~ c r  the h i : &  ~ r r f ~ r . ~ ~ c r .  TC: :vm:~lr, 
when connectinqtwo pi-sec!~ar.s tuqether, the input and 
output lncuctars poraliel tne output and input inductors. 
respectively, of the next or prlicel'i"q section. Since io- 
ductors in parallel hme half thc volue of the oriqinol in- 
ductmcc, tt,esc cew:c:ks nc-n!!,; use 3 :.a!ae of ?L ,u~he:~ 
more thm a s ~ n  rir sectlor. 1s to be c o n n e ~ t ~ d  I" o ludder- 
type network. For furtile: ~nformation, t ie  lriterested reader 
i s  referred t3 ;13~?5:? :~xtSOcks 07 !?I!cT ?esian. 

FAILURE ANALYSIS. 
Gerero:ly c;clki^z. ?:!ipr .ill .i!fer n e r j r r l ~  ,33 :c- 

siqned or it does :,ut. Amy open i: short-c,rcliltei :an&- 
tion of the indlv~duol ports can ipad to one of three pass- 
ibilitles: f h t  CPPP nnrf nov C O ~ ~ C P  ," nn-wtn.!? ~ l n l i ~ t ~ - . ~ :  

the short-circ-itcd port -.ay c o n e  a nci'u!p.dt c: c :e&cc?- 
output conditi~fi: or <he defectiut par; r.ay be ;j;~:i.l; ir, ii 
position in t b t  clrallt that n~ork~div afiects the iiirer olt- 
off freqienzy, jnrs Sand, or atteiiotlon iharaiteiistics. 
lis~ioliy, nil t h r w  of  tnpce inst r r ~ n r ~ n n p r i  iondltinns OIP 

offecte? to ;a:;c extcr.:. %cic!a:c, it beio;;.~; ;;tt,c: ?i!!- 
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icuit to determine whether the filter is faulty ard tc spot 
the defective part witt, sixpie serviclr; techniq~es. in mas! 
instmces, a ct,eck :o: cor,: ir~itj  ,;;i:t, zz ct.xxeter ,>:ill . . .  . : . 7- .L^ '̂.L̂ 
","""LC Ulll Y p S I I ? _ I I I Y I I I U  pYiL.3. 111 L l , C  LYnC Y L  L , l i  

capacitors in the net:%ork, they can be checked wi:h on in- 
c;rcit  type .! ca.ncit.cce !.s!er for + p-:e: c2paci- 
iuncr. h y  siiu~i-ci~i-wicd cupu~i iu~ sbouid ire ioulli Luiirlq 

the :esistwce md ccr.k%i?; check. !/i?,ere : lo:'-!:eq;ercy 
inductor i s  under suspicion, the resistunce moy be used os 
a guide; but ,#hen the reslstance i s  so low that it i s  less 
than an ohrn (os in hiah-frequency coils), the suspected coil 
must be disconr.ecte6 ond check& ir on incuctarce bridge. 

If a f~iter i s  susgscieo ;f osi;atir,a improue:l.i ~ i i  th.e 
curaii ireouencv is k~o,::r i i  ror, :: can ne caiculcred 
appriixiniotely by us1r.g the forrculas referenced in the pre- 
ceding disc:ssior: 31 c i r~.~:!  cpe:a::cc!, a pass b n d  ct,eck 
can be l a d e  ,.wi!k8 3r oscilloscope (cr l  c2 r-! >robe) or?? Q 

. . 
slqnal qeneiotor. '>,itn :r,e siqnol aereiotor IPOCY.~:~:;  irio - - 

simulctinj :he mpu: si jna!. <?e outpj: of :Le filter 1s c s  
served on tile oscilloscope !use tne veitlcol k.el7h.t of the 
modulation supplie? by thc :-f probe a s  an iciiccticr. cf 
relative amplitude). For a iiqh-pass filter, the heiqht of the 
pattern should decrease rapidly as the cutoff frequenq is 
passed (while reducln: frequency!. ~ n d  the patter? shnl~ll! 
stay at approxirr~otel, 1t.e =fie helqk.t for frequencies b v e  
cutoff. If such indicoticrs ore ohainrd, the filter is probably 
operative, and same other portion of the ossocioted circuit 
is at fault. If these indicmions ore not obtained, the filter 
ic riefir.it~ly nt fouit. ond linrh p71' rw! he ?nliividunlly 
checked far the proper . J U ~ ~ E .  ' Ihere i Spore iikei i s  ovaii- 
able, it i s  usuoliy easier to make oquick substitution of 
the er,tire :liter tc zeterrire .xhet;e: :-e jerio;:ice c:lar,qes, 
a change indicates a 'efect~ve iilte:. 

LOW-PASS CIRCUITS. 

APPLICATION. 
Low-pass filters ore x e d  in circuits where it is desired 

to pss only the lovier frq,er:;ies an? tc cttendte any fre- 
quencles oMve a selected cut-off i ieq~enw.  

CHARACTERISTICS. 
Resistancecawcitance (KC] type filters are ?er,eril!y 

used for audio ireqilency applicatlor,s, whereas inductonce- 
,copcitmre ( i  ,::I f ' y ~ s  oj !:!t~r? a'? .:,-: 13: ,?:.<:c 
and radio frequencies, yrbculariv !or wherever sharp cutoff 

7.2 v-l,!re,!. .. . 
The iawer the keqency klo:: 5-1 oi!, tne !~-.*rer 1s tne 

Gttinifition; ihn.,ji i i > r  , .L' L , ,  -. > - ,  \, , .l. I , , , , - ,  . i, i i i i , l  

inire:ses 2; :kc j:t;.~::;; ...;;s;itt. . . 
May consic! ci %if-secticrr; ;!l,le ;ecri?-i: I r  r . : f ! c l~  

sections, with t t , ~  n~.:nplesertiar t y ? ~  ~rnvlnir . ,~  thp 
gxzesz  cttefi"ct:cfi, c,,; zlhe a ; , ~ r ~ c a t  ~u;u:f. 

May be ofcithcr tk,c 'coonstont k" a; ";;.=eriuc?" '--- Au,..., 

or any coinhination thereof. 
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CIRCUIT ANALYSIS. 
Generol. The law-pss filter circ '~it  consists of resist- 

once or inductonce tmether :iith cawcitcnce conbine? on 
connected in such o manner that they :hove 0 definite fre- 

5 
quency response ct,crocteristic. h e  lw>~-pcss filter is de- 
siqned to prmit the wssc le  of lowfrecuency si?nolsaver o 
3esired ranqe of frequencies, an? to ~ttenucte 1b.e hi~her  
.requencies obove this :crze. T'le frei;uency ronqe over 
,which the passaqe occurs 15 colle3 tt,e wrs bond, the r c n ~ e  
cver which ottenuztion or poor transmission occurs is called 
t le  ottcnuotion bond. Tte !requencv at .vhich he ctteruo- 
t!on of o si.;nol starts to increase ropidly is knowr, a s  the 
cutoff frequency. TheScsic confiqurotions into .xi-ich t ie  
18,~-pass filter elenents can be asserrblet or orr~n7ed ore 
the "L" or holf-section, the "TI' or full section, and the 
Pi t y p .  

The L-section filter cnnsists of oneseries resistor or 
inductor, ond one pcrallel connoncnt of eit'ner resistance or 
copacitonce. The 7-tvpe illter consists of ?."do series in- 
ductors and one shunt r~sistonce or capocitorce. Tie Pi- 
typeconsists of one series inductm cnd twc re.;lstiveorcoooci- 
live st,unts, rcscrrblinq tie Greek let tern!^^) from -hence 
it takes its noe. Sweral scctlcns (or half sectians! of 
the sone ci:cuit c3nf1xintion car 5e pined to in?rcve the 
~t ten '~at ion or trcr;r!ission z~aracteristics of the filter. 
When several sections are cascade.? tcqether, the:. fo:~. a 
Iodder type of filter. I;t.en a filter is inserted into a circuit 
it is usually ter~inoted (matched) by a resistance or in-  
pedance of the some value ot the input end. The volue 
of the terminatin2 resistonce or inpedonce is usuolly de- 
termined by the circuit with which the filter is used and 
the tvce of filter circuit eoploved. . . ~. 

?he cutoff frequency of a filter is determined by the 
circuit confinuration, tyw of fllter (constant k or mderived), . ~ 

and the values of the inductcrs and resistors (or copacitors! 
in the filter circuit. S'inen tt.e cutoff fre~uencv is kr.o;:n. 
the volue of tt.e parts recessory to produce this resparse 
and the desired attenuation may be cc!culated mathernotically 
by the use of the proper formulas. This Handbook will not 
be concerned '.,,itt, desicn data, but will show the circuit 
configuration, explain c l r c~ i t  action, and provide informa- 
tion witi- which the tccinicion ccn determine or recognize 
the type of filter and determine thc cutoff frequency, if 
needed. 

Circuit Operation. A typical halfsection R F  lo\,#-pss 
filter is shown in the occonwnyinq illustration. 

. . 
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Note t'lot tt.e oltgut is taker 3 ~ 1 2 ~ s  the C O ~ C C I ~ O ~  or-: 
the resistcr i a  corrccte,: ;r icrle?. T.lc c!rcit 13 bsically 
that of o voltcqe ivi2t.r ir  ::.ict. 1 forxs t'm rccctive part, 
and R the resistl.~ecr:t. !I t:,e \ .a!~es are selecte? so that 
the capacitive reoztcr,ce of C is e c ' ~ c l  to t i e  resistance of 
R a t  frequency !o, ken *.e c~ tpu t  voltoqe of the voltoae 
divider network .iill kc cttenuotec! cpprcrir.ctely 3 db with 
reswct to that of the input vcltil2e. Tnis freq1;ency is 
colled the theoretics1 cutoff frequency, an? its valse is 
given by : fo = 1/2 n RC in Hertz. lie values of R cnd 
C are in ohms and farcds (or in  xecohms and miciaforads), 
and RC i s  the time mnstant ir seconds. A s i ~ i l o r  half- 
section low-pass filter o;rcnoe-nent usinq inductance and 
resistorice (P-L) is s i io~r .  in the ccco-ponyinq illustration. 

INPUT 

HoIl-Section R-L Low Pass Filter 

Note that in this instorce the au tp~ t  is taken ocross the 
resistor and that the r~octonc? LS C O ~ F C ~ C ?  in series. The 
circuit also is a voltoqe divider in '!:hick L farms the reac- 
tive arm, and R tt.e resistive arm. If ti-svolues ore selected 
so that the inductive reactance of L i s  equal to the resis- 
tonce of R a t  fo, then the wtput voltoge of the voltage 
divider will Se otter,uoted approxlrately 3 db ,with, respect 
to theinput volto,2e. The theoretical freqency in this in- 
stonce i s  'ocnl! ky the forrrula: fa : 2 n RL, in Hertz, 
with R and L in ohms and farads, ond RL i s  the time 
constont In seconds. 

Consider now a Tsection filter a s  illustrated in the 
occornpnyingfigwe. Tt,iscircuit arrangement forms o full 
section rrhich can be considered as two half-sections (L 
sections) placed bock to back. 

INPUT 1 OUTPUT 

' T 
Holf-Section R-C Low Porr Filter 
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I 
INPUT -FC OUTPUT 

T-Section R-C Low-Pars Filter 

;Jete t h r  i,; t i l s c i c ~ i t  ~ r ~ ~ n : ~ t . r e n t  tile N O  resistors 
are ~anr,ecte.: Ir seri?c: - U ~ S P ~  .-n!ly 17- lesion vc18;2 of R . , . : . .. '. - 3  - - i - : . : - , . . :  ~: - - -  
,> ii*_..i_. , , .  . . , . .  . _ _ _ %  -, V A -  . l i . i  ..i, _:,._i 
tb.e two camcltors are parcllelc? ti-creby -!akin? ti.cef- 
fective ccpacltznce equal to It.? :,31~e of c sin-le iol! sec- 
tion. 7 l e  T-orron7e::ent pravi!rs o sy:lrnetiical input O P ~  

outpdt >it!: t ie  SC!:~ time conston1 asthe sln~le-sectlon 
L-tyw fli;ure. A !ypscl 7 :-:.;irk usinq p,L sori.pc~c-1: 
is s i l o ~ n  ir. !i.e ~ : c i o : : p r . y l ~ . j  >ll~strdtian. 

T-Section R-L Low-Porr Filter 

In this instance, sirce tl'i ~ P - I L C I O ~ C  are i? series, 3~1:. 

hol! !he irductcnce 1s ~ s e 6  ic  PIC^ 0 1 ,  s i x e  the resistors 
are tfficiivels ii. .gr~l!+l, I:.? i-:!:-sesriofi issisti i i i i  Y G ! ~ ~  

is multiplied by 2. ' h e  T sectlon supplies a syrnrnetrlcal 
,r^,t "12 -;!?It .:, it' 1 t i - -  -.-.t-1t eTlni tn !kilt oi ti.? 
: i . . I .  ! " I  ,.c~.,: ,,.. u.-..-,.. 

A !%z!-z!  . . ;?-T?T!!c~ !:!!cr :P:-:.?:k 12 5??.::1 11 !:n nc- 
' "  .I.xI-.,,! ",' ., "..... . . . . . , . . . . . . . .  

- - - - 
Pi-Section R-C L o r  Porr Filter 

CHANGE 2 

0967-000-0 120 FILTERS 

In this full section arrangement the value of the resistive 
oim is equal to tiie v o l ~ e  cf t::o L~l isect io is ,  ;;bile the 
value gf the ccpx!tcr !s hg!i  the!^!! .!cl':e. ?,IcIE. !h?! in 
any of t ie previns~s!y ?irc.rrel f ? l t e ~  nrr?nqerrents the 
actuol time conston! v o i ~ t s  tore i!e-,!1c,:l. Tr1e~efore, t ie  
responseand atteructlor of eoci. I r -  illso lent i ia l .  L- 
, . , ,  2 . .born n.ll.. - ;,-rln ,-^"lnr^nrl ,mn. t -." ""*" " .,., " -....r.. ,,--" ...y ". 
and o~tput isnedi..!. TI-? T - a +  ?i*et-tion~ or- ~ s e d  
where balancd orro7;errcrt: crn rcjl;!rei. ';l:ltiple sec!~cr 
filters cre used tc 051~11 ;ret?r Clare shf t  and -ore nt- 
tenuation. Tiinls, ,: twosecticn fllter .sin2 :der.tlcai ,>clues 

, .. of p r t s  ,;;ill ::, ~i:ipl,+ t?,c ;kxsc .-:,l:t C R ~  xer.ictlon b,< o 
f o r  5: 0 .  2 :  3 .  ; . ;,:!,J tc 2 .!Q??.J~~ 
..~~. ,cA,. 

h any of t ie  iilter crr3rze:e:t: :r?~;ims!y 5isc1sse? 
the ntten~:otior. 1s ? i . . ; ~ . - r :  rr: h" zer? ~..-piiatnly k i w ~  
the cutoff frrj'~enr-., I,, cc bier,; I r - -  i n  irn,l:---iec ~ ~ O V P  

i 0 , G S  si,u..,:1 21, ti,e f":!. ,.:,. :,...kL,~,St ,,,cpi,, 

Phase and Amplitude Response Choroctcrirtics 
for Low Pass Filter (fo=l,OOO Hz) 

However, as con be seen from the chart, the attenuation 
!!or n s i n g ! e ~ r ~ t i c ~ ~ ! t ! ~ !  kcornes ~e!ctive!y C C . ? F ~ ? I ~  "1 

12 ?b/cctsve (20 w dc::?e) ;t 5;i:;e:cies consi+eiohly 
"LTe ,.,,*-4' TL- ..L-,.- "L:;. ." ---- '.-- --.- ". .L- 1 """ i , . .  pll"ai , ~ . l . 4 i i .  -=,- ", L. ,O IU..C, 

frequenries 'win;.: ,-~nnff tn 2: --,-roe- 1, i,. :!;P,I,- t , e  

cutoff freq:len?.{ I>? "kos? s h f t  soon kco-ci  canstont nt 
q c i  e5Tees, TL- A"..-: ,:-- : - J  L - . . .  >:. .v-i.-, 

,> .L   am,= ,,>-LL,-Lc* 2>u,.  ,.21> 1, eL,d, 
" ,  , . , ,, . ,  . . .  
3tr:p ,l!C,, 15 y , ,  .... ? " :,IT 7 - 1  cl . . !n .p  .T..̂ ..-... -- 

~ ~ , . .  . ..~. ~ ~ ..~.. ~. 
, - . , . . . . . . i: ren:;;t - ., ,:.. .... " ..--- , ., , , , ,  . * , . , .  , . r . r . c :  t:.- OTt'iZi 

;nB tk,i;ri;i,z;! i;.;;i:,s= ;: 1:-,i i iis? : i=i , i i ;v .  
The effect of a low-pass iilter on !he resoonse of a rec- 

"lCC 1.. !. ijC-: :.:- -.! t'- l:!icl ::C-,:z ;,: 5,. t!,i; 
!\,? sf :l!!er. slq.c" !L... -.,- ..... +..-),--.A . ~ . ~ .  :- . *-'..-- . . .  . '.-- .-.--- . .. . 

, . 
the cur;aritcr. :.,I:?. i: 1:~ s ~ r  + ,+: ..,I&, t'~.~- :~slst:r :r:l tt,? 
rne input clicll t ,  it !s eW!!ent netc.re I : ?  wise is oppilec, 
!L m,r, i -  .,? - '  .,.r,.n , m  ,t , , - . w . , , e r  . . , I  ,. ..". , ,., , % -  .,.. .. ~ .. ~~~. . .  
cui!. Tr.iri.fore, K: ~icl t i  :;- ,:~:::,:t i:: c'rtc:: e;. '~ '?cn 7:- 

ir,st3rtiy, !!? hi  : :ilr:i,. : -':irPr! !rr:s t i . ?  .i:lt,:-i lcross 
* '"".. , ,., , . .,,. ,".., .,,.,,. : , , . ,  ., ,~~ ,,,,,, , , ,,,,.," 
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a s  thecapacitor char~es .  Tnus, a s  the capacitar chorqes 
the current throuqh the resistor decreoses, while the volt- 
age across the capcitor increases carrespandinqly. Even- 
tually the capcitol chorqes to the full input voltaqe ond 
the output valtoqe i s  ot a maximum. The output voltaqe 
stays ot this value fa the remainder of the pulse. At the 
end of the pulse the copacita dischorqes, also exponentially, 
and the output voltaqe eventually decreases to zero. 

The followinq fiqure st.ows the overall response of o 
low-pass filter to a rectanjulor pulse of 15 microseconds 
duration with different time constont values (R times C).  
From the previous explanation, it is clear that both the 
rise and fall times of the puke ore qreatly affected. The 
effect is leost fa  a small time constont. Far example, 
consider the respmse of on RC circuit with a time constant 
of 1 micrasecond to a rectanqulor pulse of 15 microsecmds 
duration. 

Typical Rls* Response Variation rHk Time 
Constant or Pulse Width Changes 

Since the rise tirw is taken between the 10% and 90% 
amplitude limits of the pulse, we see from o universol time 
constant table that the leading edqe ieociles its r~aximum 
of 9096 amolitude in 2.2 microseconds and remains approx- . . 
imotely at this value for theremainins 12.7 microseconds (7 
time constants are required to reoch full mplitude). 'When 

the pulse ends, the decoy time follows the some curve and 
the copocitrrr is 9036 dischorqed in 22 microseconds, ond 
completely dischorqed befae the beqinninq of the next 
pulse. Consider now the response cllrve far a 5 microsecond 
time constant. In thiscose the leading edge of the pulse 
rises to 90°k of maximum in two time constants, the puke 
is terminated and decoys to zero in the next two time con- 
stants. Bemuse of the increase of time constant the capac- 
i t a  charges to only 90% of the maximum and the output 
voltaqe i s  10% less than for the 1 micmsecond condition. 
F a  the extremely long time constant of 10 microseconds 
It takes the entire pulse duration of 15 microseconds for 
the pulse to reach approximately 78% amplitude. Thus the 
longer the time constant the lower is the output amplitude 
and the mae  distorted is the pulse. 

0967-0000120 FILTERS 

Since RC filters respond to the time corstant of the 
circuit, it is evident that -bile filters of many sections 
con be used, the simple equivalent t i r e  constont of the 
circuit hsically determines the filter characteristics, and 
that really shorp cltoff carnot je obtained. With the use of 
L C  filter circuits hane;er, it is pos;ible to produce the 
desired pass bond .xiti. nuch sharper c '~ to f f  on: attenuation 
characteristics. Sirce bath inductance or? capacitance are 
used, a sinalesection L C  filter is capable of o 160deqree 
phase shift. 

Low wss filter circuits usinq inductance ond mwci-  
lance follow the some type of circuit cmfiquratim a s  do 
RC filters a s  shown in theoccompanyinq fiqure. 

INPUT F C  OUTPUT 

A T-SECTION 

WF-SECTION P I  -SECTION 

Low-Pass L-C Filter Circuits 

h the L-tvce low-mss filter usina L C  components 
the hiqh frequencies applied to the inbut ore offered o 
relatively hiqh inductive reactance by series induita L. 
and a low capcitive reactance throuqh the shunt path to 
ground uwided by copacita C. Therefore, the hiqh fre- 
quency siqnols are attenuated by L and effectively shunted 
to mound by C if they pass the inducta. On the other 
hand, the low frequencies are offered little opposition by L 
and h4h opposition by C. Therefme, the lower fresuencies 
p s s  from input to output with little attenuation. The T- 
t y p  filter operates identically with the half section filter, 
but uwides  a symmetrical input and output confiqurotim 
with the same time constont as a sinqlesecticn L-typi filter. 
I h e  pi-type filter is actually formed from two inverted L-tyw 
filtersmd uwides  sliqhtly better cutoff and attenuotim. 
In this case the hiqh frequencies ore first offered a low 
impdance p t h  to qround by the first filter copacitu with 
hiqh attenuation offered by the series inductor. Any re- 
maininq hiqh frequency siqnolsore then effectively shunted 
to qround by the low impdance of the second (output] 
m p c i t u .  The b s i c  L-typ filter is used where only 
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a simple unbalanced input ond output ore required. The 
T-and Pi-types of tiller ore used where balanced arranqe- 
ments me necessary. 

Basic filter theow stipulates that where reactances of 
the s a r a  siqn (eithcro!! mwcimnce a all inductonce) are 
used, the characteristic filter impwiance presented by the 
fllter to the inwt or the output circuit is 9 reac- 
" "  L ,,,A . - 2  . i - - ~  ,.,,. ".. UYISI  IIUUY, w u n r  rrucionces of opposite 
s i m  are used (such as cawcita?.ce cr.2 inductancel. the 
characteristic impsdance becomes resistive wer one ronqe 
and reactive overanother range. %us the design and match- 
ing of filters becomes an enqineering problem, and is 
treated on on ideol theoretical basis. Tqis meons that 
while o filter lay be considered to Lave infimte rejection 
h-f?---c? G i .~ : i i~:cc  iuiull ireuua:cv. ~c practice me r e s i l t  

may not be great as pedicted. Likewise, the critical cut- 
off frequency may not be assharp a as critic01 as the l e -  
sign figures indicate. 

All the pcviuusiy d i s c s s e i  illter arrorqecitnts ore oi 
the constant k tvw, which ha; ; ;:aim! rather than 3 sharp .. . 
cutoff frequency. In this simple type of filter theseries 
filter orm imwdance. 7.1 cnd 11-c shunt fi!ter a rn  impdonce. 
Z2, ore s o  related that their prduct i s  a constant at all 
irequencies (Zl x Z2 = ha). Therefore, it derives its name 
from this relationship. This conston!, i~ cur., is clsc 
equal to R', since Ll a-? Z! cre recipsc;! reactances 
(XL ond Xc, respectively), and 3' :  L/C. Thus the forn~ulo 
for determininq the cutoii frequency becomes: 
f. = i/ n LC, where L ond C o r e  in henrys and farads, 
respectively. 

b, r . s e  ,=G-$~:.: f , ~ ~ .  ,>f ; u ; , - * ~ ~  fiirer c i r c ~  ls17e 
m-d.rir.d type. in !his type of iilter the cutoif frequency 

. , 
is shorwr, on! !?e totcl .!rte-:n:lsn c! :x ;r: ,;:tti i:e- 
quencies IS ireoter. iypicol clrcults of the ser lescm- 
nected rnderivel type ore si~.m~;n in !h.e acco~pny inq  
illustrotion. 

iNPUT OUTPUT 

A 
T- SECTION 

I I 
c2 -,. c2 rp 

w 0 L 0 
HALF-SECTION P I -  SECTION 

5cries m.5enved iov-Pars  Filters 
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A s  can be seen from the illustr3ticn. 3 seriesconnected 
L C  network (L2C2) is placed ocross the output or across 
the mid-termmotion of the filter rewark. As desiqned, this 
netwak is made serieslesonont ct c frequency abwe the 
wual cutoff frwency. F a  the low-pss fister this reso- 
nrmt frequency, colled the frequency of infinite ottsnuotion 
jbj is selected at a vaiue oi about i.25 to. Shce i- 
is resonont and isser1t.s connectti cc:osstb,e irpur GI the 
output it represents a short clrwlt ocross t ~ c  filter for the 
resonont irequency hiti ;  5 pss inn?.  !etermire3 by the Q 
and resistance of the circi~its). Therefme, t3e norrollv 
slopin-, attenuotlar, chcrcctcristic \.rklick~ iipmouimates 12 
db/ mtave fa the constont k fllter is "notched" off. In 
efiect, the nderl.;c:: f~ltcr I.; s!,;iply srparoted iron! the 
hequencies shove fa 331 Lheieiare, p~ov;des sharper and 
better cutoff of the i~nher f r eq>~nc ies ,  The action dec- 
cribed cnn be v~s:l.:li:e? more clearly ,*;::a the ut!en:otiar: 
(response) ci~aroctirlslics for tne two tvws of f!I!ers are 
compred as si;o,,vn ir tt,e follavrinq tiqx?. 

Comparison of Filter Attenuation Characteristics 

While a constant attenuation is shown for the constont 
L type, with a reduced value of attenuation helow f- for 
b+e m-&rived type, the sharpness of m-derivd cutoif ot 
f- (assuming zero circuit resistance at resonance) po- 
vides better low-pass performonce, as illustrated below. 
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INPUT C 2  OUTPUT 

0 - 0 
T-SECTION 

INPUT cz T 
I, 

HALF-SECTION PPSECTION 

Shunt m-Derived High Pass Filters 

In the shunt-type i~lter the low-pass action occurs by the 
shuntinq of the i,izl: frequencies to qround via ,capacitor 
C2 for those frequencies above f-, and by attenuation 
of the siqnol due to theaction of the prcllel  resonmt cir- 
cuit of L1-C1 at the infinite attenuation frequenq f-. 
Sincethe capacitivereactance of C2 decreases with fre- 
quency the hiqher frequencies above f,are shunted to 
ground and lost. Since the pralleliesonont circuit of 
LlCl represents a hiqh imredance at resonance, frequencies 
around i- (depending upon the circuit Q)  are greatly at- 
tenuated and ore pevented from possinj throuqh the filter. 
This t y p  tiaction is mostly used for the band rejection 
type of filter to be discussed later in this section. 

In the mderived filter, m is a desiqn constant from which 
the iilter sets its nome. This constant tosically repesents 
a couplinq ioctor, and appears in all thedesiqn formillas. 
it is some value less thon 1, usually 0.6. Thus tb.efrz 
quency of attenuatirn if f- = f a / m w h i c h  for a 
cutdf frequency of 1000 cycles and an m of 0.6, is by 
subtitutinq volues. 1000/ = 1000/.8, or 1250 
cycles per second. The cutoff irequency for the mderived 
filter i s  f. = I/ (n m). 

If the frequenoi volues in the exmnple above ore s u b  
stituted in this formula, it will be seen that m is equol to 
0.605 selected above. When m is equol to 1,  both the 
constant k and the mderived filters ore identical. Values 
of n, smaller than 0.6 move I- closer to f ,  (sharpen the 
cutoff), while values greater than 0.6 move I- farther from 
f. (brmden the c2tofiI. 

In the schematic illustrotionr 9f the filters shown pre- 
viously, various volues of i and C ore indicated. These 
indicatas merely show that the desiqn volues of Land C 
are shown to te mult~plied or divided by 2 to prod,~ceti.e 
p o p r  value for the confiquration illustrated. This chanqe 
of value isnecessitated by the requirements for poper 

motchinq, ond for the connectlor of cascaded filter sections 
to p d u c e  the des~red perforrnmce. Far exo2ple, when 
connectinq iwo pisections toqether the input and output 
capcitors parallel the input ond output capacitors, respec- 
tively of the next or pecedinq section. Since copacitas 
in prallel  have twice the value of the or~qinol copcitance. 
these networks normally 'lse a value of C/2 where more thon 
a sinqle section is to be connected in o ladder type network. 
For further intormation, the interested reader is referred to 
standard textbooks on filter desiqn. 

FAILURE ANALYSIS. 
Generally s w k i n q ,  either the iilter ~ e r f a n s  as desiqnec 

a it d w s  not. Any o p n  or short circuited condition of 
the individual ports can lead to one of three possibilities: 
the o@n p r t  may cause a no-output condition: the short- 
circuited part may cause either o noa tpu t  or a reduced- 
output condition; or the part may be lccoted in a portion of 
the circuit that markedly affects the filter cutoff frequency, 
pss band, a attenuation charocteiistics. Usually all 
three of these last mentioned corditionsore affected to 
some extent Therefore, it becomes rother difficult to de- 
termine whether the filter is faulty nnd to spot the defective 
port with simple servicinq techniq'Jes. In most instances, 
a check for continuity 'with on ai-nmeter will indic~te any 
opneircuited ports. In the case of the capcitors in the 
network, they can be checked with an incircuit type of 
ca~acitance tester fa the proper capacitance. Any short- 
circuited copcitor should be iound durinq the resistance 
and continuity check. Where a lav frequency inductor 
is under suspicim, the d x  resistance mobr be used a s  a 
guide; but where the resistance is so  low that it is less 
thon one ohm (as in hiqh frequency coils) the suspected 
coil must be disconnected md checked with an inductance 
bridge. 

If o filter i s  suswcted of oreratins improperly and the 
the cutoff frequency lsknwn (11 not, it car be calculated 
approximately by usinq the f o r n ~ l o s  referenced in the 
pecedin4 discussion ofci rc~i t  operotion), and o p s s h o n d  
check con k mode with on oscillmcope cnd a siqnal ?en- 
erata.  With thesiqnol qenerotor modulated and sin'ulatinq 
the input siqnol, the output t i the filter isobserved on the 
oscillosco~e. F a  a low pass filter the height of the pattern 
should decrease rapidly as the cutoff frequency is ;assea 
(while increosinq the frequency), and the pattern should 
stay at appruximately the same heiqht fa frequencies below 
cutoii. If such indications ore obtoined the filter i s  most 
probably ocerative, and same other pation oi the ossh-ioted 
circuit is at fault. If these indicutions ore nat obtained, 
the filter isdefinitely at foult, and eoih part must be 
checked individually for p row value. 

BAND-PASS CIRCUITS. 

APPLICATION. 

Band-poss filter circuits ore used to ollaw frequmcies 
within a certain frequenq band m be passed or tmnsni:ted 
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with m~nimurc ottenunt:?x m i  tc 5Inri -I! frc-,~sc;e; ; h e  
and below this !rw:en;v b3d .  

CHARACTERISTICS. 

Uses L-C wpe fllters. 
Fi;queiiii-s tticrrrl iower and lipper cutct! ! r eqxnc i~s  

are passed w~<t.iittie att~nuot~on: freqencles obsvc anP 
b e l w  +,#?SF v d l ~ e s  o:e ar:er.uate$. 

Serles and parallel resonant circuits combined with c 
series or st,untlr: ind~.ctance ar COPCC:~OT ore used to de- 
velop each conf i ,~>rot i~n.  

Atter.l;otlon and c ~ t s f f  varies h1tr.j t ?~e number of elerncrts 
used (ti ,? ~TPO:YI t!i C,J?~PI 1! elc::sntc, :he ireater 1s tile 
attenirntlor UPS tee sier:?: t-2 :-:zii). 

CIRCUIT ANALYSIS. 
Genorol. The b r , i - ~ a s s  filter circuit ccr~slsts ai iniuc- 

tlve and capacitive ca3po::ents carr,blr.ed and connected in 
such o mannei tiat they hwr defmlte irepuency response 
characteristics. "P band-p~ss !ll:ei :3 lesiar,ed to  eni it 
the passage of fieque~cles \;it::in a desire6 rsnje oi tend 
width, and to atter.,me any !requenci?s not in !his rorce. 
' h e  range of irequencies which is capoble of  beinr; passe.? 
i s  referred 13 a s  :he pass-bond, :he :ofin? of { r ~ i ~ ~ r ~ n r i o i  
above and bela2 tile pas; bani, where attenuation or poor 
transmission oiiu:s :s cc!led theortcnuatian bond. Toe 
frequency ot :vhicll the ottenuatlor, of a siqnal starts to 
increase :spidly is known as the cuteff frequency. The basic 
mnfinvm!i~?s irtz ,!:hic5 :he kn?-p;;~ filter ;:e;.;e~:l~ ;an 
be assemblei or urrangec aie tne "L" or half-section, !k,e 
"T" or full-section, ard the p i  section. 

The L-section !i!tcr mnsists oi one in6bctl,j? co?pacen!, 
capacitive component, or ore combira!ion of irduc:ir.e 3-2 
capacitive ccrnpoiexts in series ,c.~th theinput and oiltout. 
toqether with one inductive component, caoiicitive com- 
ponents, or combination of inductive ncd c c ~ c i l i v e  con- 
ponents shuntinq the input md ouQut. 'Ihe T-wpe filter 
consists of  two series (in?ccti,~e an?/or cnpacltive) COC:- 
ponent yiodps seporuted by one component group shun:inq 
the input and output. 9 . e  pi-type consis!s of one serles 
mrnpanent grocp between :u;o cmpanen: ~ r o d p s  siunI~r:r the . . . C ~.~ . .. 
..lrb. "..- ur rii.urr: S L L : ~ ~ , . ~  u; :.,a.:-sect13r._ con oe 
joined to imp;aie the atte:.aa:io;, or trorsm!ssian chorocter- 
istics of t ie  iilter. ?hen several sections ore coscoded 
,",n*.h-. ,-.- ... . ~ . . .  . ..., ? ladder b . 7 ~  ,>! I::!$:. ',','!:ex c ::.:e: :s . . 
inserted ,ntc 2 c::c,::. i: .. . - . ; ^ l l y  1?-1L7:s' : 1 : 3 : ~ j , ~ i )  
hy 0 l.!,,,,,.. .,. !rrr"*l-". -. *-" ---- ..-' - -, .' , . . ~~ . , . . . . .v ", 

. , 
end. TIIe i'3!:>i. 31 t ie term!-:I:-: IDS~E~C::L.C or : l i p imnce 

, .  . . . i s  i;".."ll. , , ,.. ,. . ", .. ..... i . .. . ' 1  a,.,, .. , .... . .... L~ 1.: 

, , - -  2 ". ! . L ~  .. . , ~  ~ : :  ) .  
" " L A  4 .. .... ,,"~ -. .,., t . ;  *,rLd21 <.t?;,2i?:. 

TqeoJt,2!! fTey!o?r./ - *  7 :< +:?:7.:r.22 b,; ::,c c1:. 
cult C ~ ~ ~ L Y G I Z ~ ~ C ~ .  w p i  n j  !!l*?r lcons*0nt k or m derived), 
""A ,L:, ..., ,- . . ..... . ,! :i.. ..,:.,":-.- bl,2 ~ ~ p ~ c , r a r s  ir. me tuter 

. . . , 
C i r C U i t ,  += ' . IC .. - .-:; i.r,., . . . ,u. . .u,  . -  ,. ;.. ,... ) ,  <?t value ;i 5 e  _^_._ _._..<.. 
.u.Lo , a = ~ c ~ u ~ y  i- b:s,i.~:c :his :es?orse ard tt.e desired 
attenuntlos may be C~IC:I~!CC ~ ~ ~ r ~ r , c l i e : : I v  i v  the LSP n t  

epr ,2per  ;z*,2!gs, -, ... : E--<L.-'. . . .  -,-. - . ..-....,dA . ... . . d l  ". ,oncei-ei 
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with desiqn data, but will show the c i r c ~ i t  confiqurolion, 
explain circuit octian, and pnui?e i~fornilition viith i\,hlck 
the technician con d e t - r ~ i n ~  or rem:n?ze !b.e :i;>e of !:ltei 
ond in most cases, determine thecn!of! freqs~ncics if 
needed. 

Circuit Operation. A tva~col half-s~ctinn bm.6-lass 
filter i s  shnvm ir !'ne accom>"nyi~; il!~st;;tia~. This i s  a 
constont k lype band-pass filter. T9.e p n s ~ k n n 4  of f i ~  

quencies is offered o low impdance by the senes resonant 
circuit, and a hiqh impedance hy the p3ral!el resmont cir- 
cuit ,which shunts the irpu! and output. The :csono-t cir- 
cuits are tuned to !rcqurr.cies withis :k,c psis-bani All  
frequencies on ei:ker sf?. n! the poss-band arc ofierei I 
h>qh*! i ~ g e ? ~ ? , ~ ~  b; ::yc :c:!:; jczGr,zci c i : , - i t  W1d " ie- 
creased impedance by the shuntlns resorcnt c i r c i t ;  ti-ere 
fore. the freweniies outside of tne pass-bond ore cttenmtc? 
and the frequmcies ,within the pass-ban1 nre trwsior:?! 
with !i!tle or na ~ t : c z ~ ~ : i ~ ~ .  7 . e  T-:s>t: ike r  o?erxes 
id~lticolly to the half-section or L-sictio" filter, 5,:: ::a- 
vides a symmetrical input and outjut ionfiourotlan. The 
pi-type filter is act~olly formed iron twr, series co~.recte? 
inverted L-type half-section filters on? pol'ides slloitl.; 
better cutoff and attenuation than the sinqle ha!!-srnlon. 
In this case, the attenuation-bond of frequencies 1s offered 
a low irtpeionce uuth to a ro~~r~d  bv h e  ilrst si l~rt!rz omc!!e! 
resonant circuit ond a hiqh impedance by the serl?s resonant 
circuit. Any remalnina attenuation-band freqilenw siar.zls 
are shuntedtoqround & the low impedance of the second 
parallel resonant circuit. Tne bos~c  L half-section filter is 
used whereonly n I ~ ~ I P  I:P?C!?XS? :?-.:: n:? ?::: .: :IF 
required. The T- and pi-s~ction fllters ore i se?  &:e kc!- 
onced arrongexer!: ore -?;?:::-,;. 

The desiw and matching of iiiters kcoi ;~es  on enqineer- 
inq problem, and is treated on on ideal theoreticol basis. 
Tnis means that ,r,b.lie ; iilter mm; ?P ronslie~ed !c '.we 
&fi-i'. .eie-':-- L -  I . , .  ,,,. ,.,.,.,,. l.nn..^r-. . -  

% ,  \ -  , , .,i \,,. >,??\ , , , , ,  ,~, p1rt.:. .:-, ":: : ", ,#> 
proctlce the resuit mcy not 2 as grco! r s  predicted. Like- 
wise, the cntii-ol cutsff ireq;,erc,j 710~ not he a s  s h r p  or 
a s  critical os the desiln ilqo-ec !r?!cnte. 

All  of the previ-jsly d!scvsse? filter a:rsnqeTerts are 
of the constant k type, :.hi:!: !:s !2i:!;. ck,c;p cctaff :ia 
quencies, e,;e; ;: its ;iiiialsst !cI:.I_ i.: conrtont k I,VPP 

filters the product a i  the in:pedzrci :c snrlrs :;:tt, ;he ir,- 
put and output: 3"' he i rp& ,zc r?  cl-;:..tic: Chc i i-  
!,,It "",l outp-t 1s ~ ~ : ~ ; ! ~ t  : ,?:Z~<:=SS ,>: bL.0 ,?.,,.I 

(Z series . Z shunt = k'). ihe~efare,  it derives its 
nome fmn T.15 rri,z!::,. :.:;. "-:? ::.:tzr:, ::. :-:r,, C;SG 

a;uul to :-.' !.+ :: :.:~ . :. .? 2: : : :::::.:r,zt;r,; rCistsnce). 
Tc dete:niae !.t.ekz~,~.?~~.i..:I~ oi t;;erjoss-hnvd ! f+  - !> o! 
or L-section k 'v:" -:.tcr. tke mi-,,>lo f ;  - ', = Q?_. T?! b- 
used. 70 irr:--:n; ,%!ye C !  t i t  cente: !:E?::Ps:$ o! 
, _ r _ " C _  . . .  ., . , . :  _ -  - 2 -  ~. \..,, ~":: ..A,A ,L - L,;, , L, r:,wy ,>e usec, 

k rnor? complex !nnr!ai oorn-ocs? iiit-r rl--,,t i: + L O  

rn-derived Npa, dr m-.'crire? :.;oe 3! fi!t?r ir, be con- 
posed of various nuz l~ers  of l r l i i r t i ~ i e  nn? cnpocit:,;o s-~ 

. . ,  
ponents ir. zoic; 3: j;id!il i~ i r i ,~c t io r~  ilitnlr! a section oi 
of the fi:tei. 2-1 L-sc.-t!ol m-lc-::c.l ilI:e: !o: e x z ~ p l e ,  111. 

. . Lwztzifi :o ; ..,,,, ". ?!... ?LC-=::,: ::..t,::, y::c zc;,:,ik,: 
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HALF-SECTION T-SECTION 

w 
PI-SECTION 

Constant k Band-Porr Filters 

series confinurotlons an-: two possible shunt confiquratians. 
In order to ohtom ti;? some <degree of st,crpness in ottenua- 
tion ot both upper ond lot,:,:er cutoff frequencies a s  i s  o b  
toined in a coostont k !y?e filter an m-deri.ed filter of at 
least 5 elements would he required. Typical circuits of one 
series connected m-krived type >element, band-pass fil- 
ter ore shawn in t ie  accomporyinq i1l:~strotion. 

These m-derived type of f~lters offer low series imped- 
ance, on3 hiqh shunt impedance to the pass-band frequen- 
cies, since the series and shunt resonant circuits ore tuned 
to the frequencies within the pass-band. All frequencies 
on either side of the pass-band are offered a qteater 
impedance by the serles resonant circuit and a d ~ r e a s e d  
impedonce by the shuntmg resonont circuit. Capacitor C3 
i s  of such a value tho! frequencies below the pass-band are 
attenuated to o greater degree. Thus frequencies outside 
the pass-band are attenuated and the frequencies within 
the pass-bond are not ott~nuated. 

In the bond-pss filter 11-0 represents the lower 

f r q u n s y  of infinite owenuotia ond 12-0 represents the 
h~+r hcquency of infinite oticnuotion. kt fl  and 12 the 
filter effectively oppeors as a si.ort circuit across the out- 
put. The 5 element series arrangement of m-derived filter 
(the 5th element i s  o capacitor) has o low frequenq minimum 
r e s p s e  notch a t  11-, and therefore, provides sharpr  
and better cutoff of the loi.!er frequenc~es. The action de- 
scribed con be visualized more clearly when ottenuotlon 
(response) curves far the constant k and the m-derived fil- 

T': 
HALF-SECTION PI-SECTION 

0 - 
T-SECTION 

b r i e r  mDerivcd, 5-Element Bond-Pars Filter 

ters are compared os shown in the occompmyino diaarams. 
'Ihe response of the 5 element shunt arranqement m-derived 
filter i s  the some a s  the 5 element series arranqement 
rnderived filter if the fifth element of the shunt orrcnqement 
Is an inductance and the filth e l ~ n e n t  of the series orrange- 
ment i s  a capocitoi. 

CONSTANT-? - m-DERIVED 

Comparison of Filter Atienuetion Charackrirticr 
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cations me not obtoir.ed, 1i.e f~ l t e r  is definitelv at hult .  
and each port must be checked ~ndiv~duolly for pro;lrr 
value. 

BAND-REJECTION CIRCUITS. 

APPLICATION. 
Band-reiection, or band-stao. filters are used in  circuits 

where it i s  desired to reject or block c band oi frequencies 
from teinq possed, and to allow all frequencies a b v e  and 
telow this band to be possed with little or no attenuation. 

CHARACTERISTICS. 
Uses L-C tvae filters for sharp cutoff. 
Frequencies between lower and upper cutoff frequencies 

ore attenuated; irequmcies lower ond wecter than these 
values ore passed with little ottenuoticr. 

May be either constant k or m-derived types. 
Attenuation ond cutoff varies with the nuober o! 

elements used (the oreater the number of elements. the 
qeater i s  the attenuation and the shor~er  the cutoffi. 

CIRCUIT ANALYSIS. 
General. The bond-stop filter circuit consists of 

inductive and capacitive networks combined and connected 
in such o manner that they have o dei~nite fresuenw re- 
sponse chorocteristic. The band-stop filter i s  desioned to 
attenuate o specific frequency band and permit the passane 
of all frequencies not within this specific tand. ?he fre- 
quency range over which attenuation or poor transmission 
occurs i s  called tnr ottenu.arion band; the frequency runse 
over which the pcssaqe of siqnol readily occurs i s  called 
theposs-band. The lowest frequency at whicb, the ottenu- 
otion of a siqnol storts to increase rapidly i s  known as the 
lower cutoff  frequency (i 1); and the hiob.est freqllencv at 
which the ottenuotion of a siqnol starts to increase rapidly 
is known as the upper cutoff frequency (12). The basic 
mnfiqurations into which the bond-elimination filter ele- 
ments can he orronqed or assembled ore the L o r  hali- 
section, the T-section, and the Pi-section. 

?he L-section filter consists of one parallel combi- 
notion of inductance ond capacitance in series with the 
input and one series combination of inductonce and capoci- 
tame shuntinq the input. The T-type filter consists of 
two parollel combinations of inductance and copocitonce 
in series with the input separated by one shuntino combi- 
notion of inductance and capocitance. The P-type filter 
consists of two series combinations of inductance and 
cooocitance shuntina the inout and outout separated by one 

cornbindion of inductance and copocitonce con- 
nected in series witt, the input. Several sections (or half 
sections) of the some clrcuit confiquroticn con be joined 
to improve the ottenuation or transmission chmocteristics 
of the filter. When several sections cre cascaded toaether, 
they form o lodder type of filter. 'Men o filter is inserted 
into a circuit it is usuolly terminated (matched) hv o re- 
sistonce or impedonce of the same value ct the inaut end. 
?he volue of the terminat~nn resistorce or impedance 1s 
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usuolly determined by the circuit with ,.vhicb. t i e  filter is 
used and the type of filter clrclit employed. 

The cutoff frequencles of a filter are determined by the 
circuit confiqurotion, type of filter (constant k or m- 
derived), and the values of the inductors and capacitors in 
the filter circuit. \'*\en the cutoff frequencles me known. 
the volue of the ports necessary to produce this response 
and desired ottenuation mw be calculated rnothernaticallv 
by the use of the proper farmulcs. This Hondbwk will not 
be concerned with desiqn data, but -will show the ciicuit 
mnfiquration, explain circuit oction, and provide information 
with which the technicion con determine or recuqnize the 
type of filter ond determine the cutoff frequencies, if 
needed. 

Circuit Operation. Band-elimination filter circuits are 
shown in the accompany1r.q illustration in L-section. T- 
section, ond Pi-section orranqements. 

L-SECTION PI-SECTION 

- 
T-SECTION 

Band-Reiection k-Type Filter 

In the L-section band-reiection filter ony frequencies 
not within o selected band ore offered low series impedance ... . 
by Ll ond C1 and offered a hiqh shuntino impedonce bv 
L2 md C2. For this reoson those frequencies not within 
the band are easily from input to output w~th little 
or no ottenuotion. Those frequencies with~n the selected 
band are those frequencies to which L l  ond C l  ore 
resonont and L2 and CZ are resonant. The parollel 
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resonant circuit of L1 ond 31 offers a laroe series 
impedance to the frequencies wlthin the re~ection bard and 
thus tends to block possaae of these iresuencies throuqt. 
the filter. The serles resonont clrcult of L2 and C2 offers 
~~ ~ 

almost no ixpedaoce to the ire~uenciei ,:.?th?n tile rejection 
band, thus any s~qnals  in tne :ejection-bcni wt,ich zoy 
have passed throuqh L1 ond C1 are shunted ncross the output. 
'Therefore, those fiequencle; with~n this bond ire aieatlv 
attenuated. The T-secticr series :escr3-.t clrcuitr c!fer 
minimum impedance because at resonance the inductive 
rwctonce (XL) e~uillstnecapilc~tivc reoctmce !XCl; md  in o 
series circ;;it tt,e irpedcnce IZ) is euual to t ie formula 

. - 
! R2 + [ - Xr!. TIP ~mpff'nnc- then. 1s s i ~ o l v  

equal to 2F or P, the 2s resistance i f  the coi!. P 
pcrollel circu~t offers max lnn  ~npedance ct resorncce. 
D.e inpipedacce i ?  r? ynrnllpl r - r r ro~ '  rirclit rcr 'r ex- 
pressed as Z = XC1/F = XLX/R, !XC k ~ n a  equal to XL 
ot resonance). Py "sin2 Z = XLa/R the formula Z = XLO 
can be denved, since O = XLIR. The C of nnv circuit is 
mrmirnum at resononce; tt,erefore, th.e ilrpedonce o! 3 

porollel resonont circ~jit is maalmur ct resonance. The 
T-section !i!ter operates identicclly to the L-section filter. 
b"t 5.+T,Ec *.:-"I ,....,,+ "-2 *,,. ,.. ,-",.i," ,A,c .L.i". ...r", ".," " 
with oppronaately 1k.e s m e  cut of! ond attenuation os o 
sinqle L-section filter. The pi-section filter i s  octuolly 
formed from two lnverted L-section fllters and provides 
slqhtly better cutoff ond ottenumlon. In tius ccse, 
irequn,cl:, :.;tl;ln t1,r relLx:lo:l-'bmd are Yrsr offered c 1";; 
impedonce by the first series resonin: circcit shuntinu the 
input. t r y  romo!nlnn sl'~ncl wlthln tb.e rejection-band that 
i s  not ~ i , d r . : i :  :,I: ::: :T:L: :: ::PT :t!2~1.3!:: ?: 

the reminzei ui t i c  illter :,, tic zu.e  .ar;ner tl;ct 1; 
L-section filter atten ;cter 1% ;an<esi:e3 keo~encv bard. 
The hcsic '_-:cc!!,, l i  ,!SO,- ..l-*rp n r l y  " cimplp 
uch&t i :~~e , i  1t1b"t d1.L cb;;.,: ,..I: :e+irec. Tk.c T~ ~ 7 . :  Pi 
section; ;re uscd ;rberc bclo~ce? or:anqerents are neces- 
sary. 

All tk.e'~re:ioi~ily Lise 
of 1k.e conr tont  k t\.ce. 
sene- !-pecn?c 
ance, - A ,  cri so 

freq:lencies ( f  I on? f?! "re milch sk.ar 
ottc~ucticr. o! the UX.~.!.:! frewcccie 

ir, tile "cL~,<.bG:,"~:,4 L::&=;;G:;c:,. 
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T- SECTION 

Series .-Derived Bond-Stop Filters 

These m-derl,;ed type of filters offer h q i .  serles im- 
pedance, and 10.9 stont i~pe6nnce tn tile rejectiar-bond 
frequencies, - !nw tbe r-rle; (or shmt rr-rrl-rt circuits 
are tuned to t t e  tiw~.erelcs ,.:ltr.lr tr!c bn::. .Ail ireouet:- 
cies on either side ot tire :clectlor ?crd cre oi ie~& less 
impedonce b.i !be oor3llel circ':it (L1 and C l i  i n  series 
*itkt tile ~r,u,,L ,..,.u,3,,Atb ,; :.,.,: ::cz:c: ;.:;c&:.cc 2; :';e 
ser,es c.pza.: . ! ,~r, t :r : ,  ?.,: .:.z,-t ,:-.: c,~:;; .:, :7.<,:7!~:',~:: :2 
- , . . - .. ,. . . . ., . . . . . ~~ ~ 

,> , , , . ~ ,  . 
"1" '"pu,.,~,, ,,. - . .. ., ,, . " ... r . - .  . , . ..,, .. ... 
series with L j  ,;n: :;. 7 ,  v : l :p i  si LL 3; re 

. . . . ~ ,  .- 
;I.L.bCn . I C : .  ! : ~ i  . .l"...l : .  . _ -  ; i. . .-:: . u-..". 

frequencies :wi.ere t t ,n.e rrs:ncrt aclr,ts cccur t'e ottcrw 
"tint c.3. I l . j i ~ q , n  . .- r e .  I ,  7j,pse 
'"'"P""' m.,-tc CTi n-! - . - c ,  : .. . -. . . . - . . . . . . , . . , .. . ., i.;, : , 

r I ,  ,..I. *L ! , i . l ~ !  . . .- , . ,  , 
L: -2: _: 3:C :.;n?C :C :z;::.l;i. .. Z!?~Ct.2, L',: !.?~,,.,+ ,- 
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cies between fl- and f2-, olthouqh beinq attenuated. 
me attenuated less thm fl- md  f2-. The actim de- 
scribed can be vlsdolize; Pore C ! ~ C I I V  .when ctteri>xUon 
(response) curves for the constant k and m-derived filters 
ore compared as shown in the occornpanyinq illustrotion. 
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The constont-k atten~otion curve sk.oc;s 3rcd:;ol atten- 
uation of sigrol hcm frequencies f l  cc-. f2 to h i  center 
frequency fc. The ottenuotion or b t h  sides i s  equal, 
cousinq the resultinq ottenuatjon curve to lcok 11ke on in- 
verted cone. The irequenclei of lnfinlte cttenration 
intersect at fc ,  cnd thus occur at a sinqle freouencv. 

The m-derived ottenuction curve slrows a muck. steeper 
and shorper ottenuatlon ot freouencies f 1 ond 12. Furtt:er- 
more, the ottenuotion slopes from f l  and fi do not inter- 
sect at the center frequency, but recch frequencies of 
infinite attenuation on b t h  cides of the center frequexv 
represented by fl- and 12-. From these frequencies 
of infinite attenuotion the 0tten:lation decreases non- 
linearly toward the center frequency. Thls m-derived 
dtenuotion curve is representative of both series m-ier~ved 
and shunt m-derived hand-rejection filters. 

The shunt m.derived bond-rejection filter is siown i n  
theoccomponyinq illustrotion. It is cor.posed of c porallel - 
series network in series with tke input a n i  cutput, ord o 
series network shunt~n; tt,e input end as~tput. 

In the shunt m.derived band-stop !ilter inductor L2 and 
capacitor C2 are added to 9 corstant-k confiaur3tion 
band-stop filter. L2 on? C2 ore 31 such o value that they 
in conjunction .z.~ti. Ll crr! Z I form a pcral!el resonont 
circuit at frequencies fl- and 12-. This causes the 
ottenuotion to increase o!nve the nom.,d mteruation be- 
tween the cutoff frequercies f 1 and fi ccr lx i  Sv thc poral- 
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lel resonant circuit of il and C1 and ti.? series resonont 
circuit C3 and W. After fl- md f2- the attenuation 
decreases toward the center frequency, s!nce L2 and C2 
in conjunction with L l  and C l  are t ~ ~ n e d  very  sharp!^ to 
and the two frequencies :lx 3n5 !%.. 

In the m-derived filter, m 1s a desim constant from - 
which the filter qets its none. ,his constont bosicallv 
represents c couplin~ fcctar, ;r.: 33pe3rs ln 011 i e s im 
formulas. The m foctor ".as a ,value of 1 or less. Tie  
value of m con be found by ttlc follawinq formulc: 
m =\i 1 - (f2- - fl-)'/(f2-fl)' 

FAILURE ANALYSIS. 
Any open or short circuited condition of the individ- 

ual parts c m  lead to one of three possibilities: the open 
part m q  cmse o noQulpU1 or o reduced output condition: 
the short-circuited part nw cause eitk,er o neoutowt or a 
reduced ootput canditior; or the psrt moy be loccted in a 
portion of the clrc:.lt tk.ot xarkedly offects the filter cutoff 
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frequencies, attenuction band, or atten2ation choructerlstics. 
Usually all three of these lost rrenlloned corditions are 
affected to some extent. Tr,eiefoie, it kcomei r a t e r  ?if- 
ficult to determine whether the filter is faulty md to locate 
the defective c o ~ o ~ n e n t  . ~ r l l . t ~  si.xple ser\.icin~ techniques. 
Cap~cito:~. con be :A, ;l\~-.: .:,:i-. 011 ir-z?:i~lt C0DOC;'OrCC 
checker for the ?roper cgoacitonm. Short c i rc~i te?  c r ~ n c i -  
tors iusunlly car ?.s ?etcc:~-' :? i l ir ikinl the E.OCOSC:~O:S 

"- ..L ---.- - -, .. ... ".. ,..,,L,,Lc~c~. ire i. re.;lstcr.:e of the !nductors is 
checked with nr ok.ne:e: to 2 r l e i~~ loe  li  tlev :re the 
proper value; but wb.ere the reslstonce is so !o..v ti-;ot it i s  
less than one ohm (os in hmh hrqaencv coils) the sus- 
px tedco i l  must be disccnnected md checked with an in- 
dunnnce bridae. 

If the cutctf keauerc~cs nf I: i!lter s'.:aecteo cf oorr- ,..<,.: , ... ., ,..,llli~,,:~~y U L ~  kno.::r. n ~-l??!:rr.-5z::i deck ir 
mcde with ar  oscilloscope and 3 m n o l  aenerotor. '?dl+ 
the siona! qeneramr modulate-' crd simulutini t ie  input 
siqnal, the output is ahserved on :he o;iilloscop~. For o 
hnd-c!:miiatiol- filter 1% :.eilt,t ai the u2tte:n should 
decrease rapidly ns the Seqinrinq of !!.r rrlection-hnd is 
reached, and tb,e heiqht of the patter. should lrcrcose 
rapidly at the end of the re)ec!ian-hani 5s ti;c seccnd 
cutof! !requency i s  passed, in the case of the m-derived 
filter, or kqin  increosinl immediately drer the center 
freauerlw is passed i n  In? c lsn  C! k e  c s ~ . 5 t x ~ i  k lilt~!. I! . . .  
such indicotlons are cbtalred t'e filter is operotive,nnd 
some other por!ion of the cssoci-ted circuit is at fault. If 
these indications me not obtained, the filter is at fault, 
and each port must be checked individuollv far moper 
value. 




