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lector circuit (described in Sestion 1:) are very similar in 
many respects. For this ieoson, the AGC c!rcuit and the 
signal detector c i r c l~ t  of 3 reccivinj systirr. ?re irequently 
comt~ned withln a single stage. The accompmyinq block 
diagram illustrates a simple ATL sjstem; this AGC system 
mokes use of o negotive d-c mntrol voltoqe obtcined direct- 
ly from the slgnoi detector a::tput, since the rectified voltage 
produced by the detector is proportional to the amplitude 
of the received carrier. 

- A G C  
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AMPLIF IER I A G C I  

Simple AGC System 

The resulting d-c voltage obtained from the detwtor 
circuit i s  filtered by m R-C circuit to remove my ampli- 
tude modulotion compnents present i n  the detector out- 
put, ond i s  then applied as b!as to the control grid of each 
stage to be contrailwi in the receiving system. The time 
constant of the R-C filter i s  long enough to remove the 
lowest modulotlon frequencies from the d-c voitage, but 
short enough that o change in d-c bias level will respond 
to moderately ropid changes in received signol strength 
due to signal fluctuations, fading, etc. The simple AGC 
circuit i s  employed in many typicnl AM superheterodyne 
receivers which use a diadrtype detectw; it i s  also em- 
ployed in some fM receivers which use o ratio-tyw detect- 
or. 

Delayed AGC. The term d.lar.d AGC is used to de- 
note a voltage deloy, and should not b t  confilsed with a 
time deloy. The siaple AGC system just described i s  ef- 
fecTive on all received signals, from the weakest to the 
strongest. It has the disadvantage of developing an AGC 
voltage even for very weak received siqnals and, as o re 
sult, the sensitivity of the rece:r.ei to weak signals is re- 
duced considerably. Therefore, in order to increase sen- 
sitivlty and enable the receiver to respnd to weak slgnols, 
it is desirable to provide a means of delsyinq the opplica- 
tion of AGC voltcge unul th? receivffi signal recches o p:e 
dztermined value, sometimes called the threshold level 
of AGC. The occampmying blcck diagrar , I 1 '  lustraies a 
typical delayed AGC system. 

R e  delayed AGC system makes cse of o fixed delay 
voltage applied to a separate AGC detector. Tne delay- 
ed AGC detector must be o separate d~ode, independent 
of the signol detector (demodulotar) diode, bemuse the 
fixed delay valtoge prevents the AGC detector diode irom 
rectifying an r-f signol until the slgnni level ~xceeds  the 
value of the deloy voltage. Thus, if separate d c i e s  were 
not used, the deloy voltnge would prevent the detector 
(demodulator) diode from rectifying weak signals whlch 
are below the threshold level established by the value of 
the delay voltage. Once !ne slqno! lei'el rises an? e~ceeds  
the vd:le f t!:e de:w vcltaSe, tlle PGC detector kijins 
to rmmfy an i  croiure a d-c odtput voltage whicn is applied 
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Simple Delayed AGC System 
a s  bias to the controlled stoges. The requirement for 
filtering of the d-c output voltage to remove amplitude 
modulation components and the R-C time-constant con- 
siderations ore essentially the same as for the simple AGC 
system. The deloyed AGC circuit i s  employed in many AM 
broadcast, communication, and dual-diversity super- 
heterodyne receivers, a s  well os in similar microwove and 
rod0 receiving systems. 

Ampllfl.d and D - l o p d  AGC. There ore many voria- 
lions in amplified md delayed AGC systems. However, 
these vmious AGC systems can be classified according to 
two coteoories: systems which amplify o siqnal before 

that the moximum sensitivity of the receiver con be realized 
for weak-signal reception. 'Wen amplified and deloyed 
AGC 1s used to control o receiving system, the over-oil 
output versus signal input chorocteristics can be mode to 
appnoch on almost ideal condition. 

The accompanying illustration shows block diagrams 
for w o  bosic types of om?li!led and delayed AGC systems. 
Pmt A of the illustration shows a system in which the sig- 
nal is amplified by an AGC i-f amplifier bier. rectifica- 
tion by the AGC diode. Part B shows a system in which the 
signal voltoge is amplified by o d-c amplifier offer recti- 
ficotion by the AGC d~odt .  Tne d i  amplifier stage i s  fol- 
lowed by a delay diode which supplies AGC voltage to the 
controlled stages only when its cathode i s  negative with 
respect to i ts plate, and the diode conducts; when the de- 
lay diode i s  not conducting, the AGC output voltage i s  
zero md the receiver gain i s  at maximum for all signals be- 
low the threshold of AGC operation. 

Note that both AGC systems illustrated incorporate a 
form of deiay voltage. In the amplified and delayed AGC 
system illustrated in pmt A, the delay voltoge is applied 
to the AGC detector, which follows a separate amplifier; 
the sewrate omplifier receives its signal from the last i-f 
amplifier of the receiving system. Another variation of this 
AGC system employs M independent AGC amplifier chm- 
nel consistin? of severol stages ond hoving a qreater 
over-all ampli!icotion (gain) than does the sigr.al i-f ampli- 
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Amplified and Delayed AGC Syrtmr 

fier charcie!. h the A m  sjsierri illustrated in part 8, 
the delay voltaqe i s  shown applied to the d-c amplifier 
stage. One possible variation of this circuit applies a de- 
lay voltage to the AGC detector a s  in the circuit for the 
delayed AGC system shown in part A. In practice, however, 
almost all AGC circuits using a d-c amplifier to control 
the AGC voltage employ a delay diode in the output to 
prevent the d-c output voltage from ever kmmlng posltive 
with respect to gound. 

TYPICAL AGC CHARACTERISTICS. 
One of the p d p s e s  of (he 4X system is io haid the 

i-f (or 1-1) slgnol input to the detector (demodulator) re- 
iatively constant over a considerable range oi recelvea 
signal strength at the input terminnis to the receiving 
system. It was previously stated that o simple AGC sys- 
tem acmmplishes contro1 of receiver qain by varying c 
neqaive dc bias voltage applied to the mntrol qrids 
of remote cutoff tubes in the r-1 md i-f stages of the r e  
ceiver. Thus, a s  the received siqnol increases, the sig- 
nal at the detector also increases, resultinq in a srmter 
negative d c  voltaqe avdlable for control purposes. 3 e  
m t r o l  i a a s )  vokcioe is ~pvi ied to the emir stages oi the 
receiver In r a l u i ~  the over-nii 2nin ih? ,P.l?-in" i- r e  

celver galn iowers the lnplt to the detector and, within 
limits, tends to keep the detector output from rising too 
rapidly a s  the input signal increases. However, it i s  vir- 
tually impossible to hold the input to the detector (de- 
modulator) constant, because the AGC voltage i s  d e p n h  
ent uron the strength of the received signal, which i s  
mplified by the controlled stages of the receiver rmd 
rectified by the detector. Thus, m increase in the strength 
of the received signal mm.s  !hn! the rectified output of 
the detector also increases, md this voitoge (or a mires- 
ponding voltage) IS, ~n turn, fed bock as o control voitage. 
Tnereiore, it is reosonabie to assume that mere must al- 
ways be some increase in the receiver-utput voltqe. The 
rate of increase, however, i s  determined by the individual 
circuit design, md desirable characteristics can be at- 
tmned which apprwch the idml chorocteristic. 

The accompmynq illustration qraphicoiiy mrnyres 
the receiverdulput characteristics of typical AGC systems 
with the characteristic of o receiver usinq a ronventioml 
diode detector without AGC. ?he plot of receiver output 
versus input sign01 strength for a receiver without AGC 
(curve Aj  shows thot the output rises ropidiy for on in- 
cr.nse !n s ip01 ct'mgty :"owever. !he :ece:.!e: int:?lt 
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smn k a m e s  distorted because of overlwding which oc- 
curs with large input signals. 7he plot of receiver output 
for a receiver with simple AGC (curve B) shows that even 

Y 
I N P U T  S I G N I \ L  STRENGTH d 

Receiver Output Verses lnpvt Signal Strength 

small input signals are acted u p n  by the AGC voltoge, 
and, a s  a result, the output obtoined fmm wwk signals i s  
reduced. The plot of receiver output when delayed AGC i s  
used (curve C) shows that the output for small inpit signols 
closely follows the output obtained when no AGC i s  used 
and that, when the input signal rwches %me predetermined 
suengrh, the output i s  prevented fmm rising too ropidly as 
the input signal i s  further increased. 7he plot of receiver 
outpit when wplified and delayed AGC i s  used (curve D) 
apprwches an ideal condition wherein the receiver i s  
sensitive to weak signals and the output i s  held relatively 
constant once the input signal exceeds some predetermined 
strength. 

METHODS OF FEEDING AGC-CONTROLLED STAGES. 
Two methods are used to feed AGC voltage to tire grid 

of a controlled amplifier tube. n e s e  two methods me 
commonly called series feed md pwallel (or shunt) feed. 

in either method, the AGC voltage i s  actually in "series" 
between the mntrol grid md  the cathode of the controlled 
tube. The terms feed and p.ro~lel feed are used for 
convenience to identify the circuit arrangement which en- 
ables the AGC voltoge to be applied to the control grid. 
AGC systems utilize one method or the other in feeding the 
control voltoge to an individual tube. Sometimes, because 
of resonant circuit design or interstage coupling arrange- 
m a t s ,  one method i s  used to feed one stage of the receiver 
and the other method i s  used to feed another stage. For 
example, in a typical VHF superheterodyne receiver, the 
single r-i amplifier i s  a parallel-fed stage while the i-f 
amplifier channel incorporates several series-fed stages. 

The series-feed arrangement is illustrmed in port A of 
the amompanying simplified schematic diogram. hped- 
ance Z i s  normally a tuned circuit, trmsformer,or other 
coupling impedance. Resistor Rand capacitor C form a 
demupling network; in addition, capocitor C must also be 
considered a s  a d s  blocking and 1-1 byposs capacitor for 
the gridxircuit impedmce. Z. The d-c p t h  for the oppli- 
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cation of control voltage to the grid of the tube i s  through 
lmpedmce Z: in other wards, the impedance i s  in "series" 
with the control voltage. 

A B 
SERIES FEED P l R l L L E L  FEED 

Methods of Feeding AGC-Controlled Stager 

The parallel-feed arrangement is iliusiratd in port B of 
the accompanying simplified schemotic diagram. in this 
circuit, resistor R i s  eifectively in parallel with impedance 
Z, and provides a "parallel" (or "shunt") d-c path ior the 
application of control voltage to the grid of the tube. The 
value of the resistor i s  usually made high so a s  not to 
"swamp" or "lood" the impedmce: however, the actual 
value of resistor R together with the other resistors in the 
series circuit between the control grid and cathode must 
not exceed the rated maximum grid-circuit resistance re- 
commended for use with the particular type of tube. Capa- 
citor C i s  a d-c blocking copmitor, and i s  used to prevent 
impedance Z from acting a s  a voltage divider in conjunct- 
ion with resistor R. 

AGC TIME-CONSTANT CONSIDERATIONS. 
In o previous paragraph it was mentioned that a d s  

control voltaqe obtained from o deteaor must be filtered 
to remove any modulation or alternating component of the 
rectified pulsating voltage; otherwise, if not removed, the 
mdulation or alternating component would be applied to 
the mntrolled stages, along with the d s  voltage. If any 
modulation companent i s  fed back to the grids of the con- 
trolled stages, o degenerative effect Occurs and, as a re- 
sult, the percentage oi modulation on the carrier signal 
being wplified by the controlled stages will be reduced 
acmrdinyly. Also, this effect may introduce considerable 
amplitude distortion in the output (demodulated) signal. 

An R C  circluit i s  normally used to filter the d s  control 
voltage. Tne design of a suitable R-C filter, oi necessity, 
moy be o compromise; the time constant must be sufficiently 
long to effectively filter out the lowest modulation-frequency 
conponent from the control voltage, md the time constant 
must be short enough to permit o change m d-c mntrol volt- 
age when rapid fluctuations in signal level occur. (Time 
constants are discussed in Section 2.) Tnus, the R-C net- 
works of the AGC circuit inf luace the ability of the con- 
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Simp:. AGC Syrtem 

trol voltoge to iollaw rapid changes in the strength of the 
received signal. The discharge time mnstrmt for the system when the 

A simple AGC system is illusbated in the above simpli- detec:or diode i s  not mnduct~ng (or i s  mndunhg  less) 
iled schemo'ii diag~an. Ihr r-f omplitier, mmxer, and first c=; lx expressed a s  follows: 
i-f ampliiier stages ore series-fed and mnuolled by A= iiischorge 7: = [P4 + PZ t %!CA + (R3 + H i  t EljQ 
voltaq taken from ihe 2e:cc:o: {demod~~latori diode. ( ' he  + (Ai + Ri)W t RlCl 
second i-i amplifier s i a ~  is self-biose~? and i s  not controi- Note that the dischatge pa~h !or the network i s  not the 
led Sy A X  voltage.) A1 is the detector lwd resistor and s m e  os the charge path. Furthermore, tecouse detector- 
mpci tor  C1 is the r-f b y p s s  co~acitor tor R!. Ftesistor load I-f bypass capcitor C l  i s  usualiy a smali value, the 
-" rn and mp;i:o: ,Zi form ar, R-C ne!wcrk tn iiiter h e  A X  :em RlCl  in the discharge t i m a n s t o n 1  expression am be 
wllaae obtained irom the detector. R h i s o i  23 ;r;d c2wc- nnniecled because ::s eiiec! on the over-d! Pm? mnstmt 
tor C3 form o decoupllng network ior the mixer stage; 
similaiy, resistor R4 and capacitor C4 form a demupling 
network for the 1-1 amplifier stage. - 

I ne time mnstw.: of an A K  system wiil depend large 
!y upor: the desiqn of the receiving system and the type of 
bmsmissions to be received. Typical values o: ume con- 
srmts used in mmmu.icotions work rmqe from 0.1 s w n d  
:a 0.5 second. The time mnstw! nf on R-C clrcu~t 1s 
given as: 

'TC = RC 
wnere: 

TC = time in seconds 
R ; resistonce in mequiima 
C L C O P ~ C ~ ~ O ~ C P  in minolarods . . 

However, the ypica! A K  circuit is usuaii? c ;cn;:lex 
ni?<c:L, z.', 5wmise o! the onion ~i iht: ??:ec!s: "ode 
in the circuit, the chorqe time mnstont and the dlscnorqe 
cinie mil;:;1: a! !he c!rnnt ore not the same. The charge 
time canstmt for the AX system s h o w  in the iilustmtlon 
when the detstor d~ode is mnducling and rectiiied d* 
octn~! i+ develcpe.3 across load iesis:o: P i  cm he ex- 

is Small. 
Orrosionally, the detector lwd resistor, R1, i s  used os 

a mmuui voiume cmtml !or the receiver; the variabie mn- 
ton of the wlume contmk i s  mupied by mems of a cope 
citor to m audio w,pliiier stage. When this i s  the case, the 
d i ;  z ip l i -g  capacitor, tooether with the grid resistor for 
the suc;eeding amphfier stage, may have m eifen u p n  the 
At-L ume constant, e s p e c i ~ l l ~  when the wlume mnlml i s  
dius:ed --, fa? ma.xinlurn i;!ume. P.lrhmqh the effect upm 
AG: omon bv he audio caupllng capacitor rmd tk q.6 
:̂rcs!! -i ihe ;mp!i!:er  slog^ 1s a ciesiqn mnsideratior., Lhe 

efiect is usudiy negiffied when m3nlng umecani;.s:x.i ;'- 
-,:?,: ...-~~,>!,<. - L ,  a - ) ) - . d - e , , n m  . , . ,* llln.strotes Lqe oliiereoie '&:..a:. 
C e  c'mrqe ond discharge time constants in a typlcd A& 
system. The resistors md capac;!ors ir. h e  slnlpbfi& 
adlrfio'i; ;:.:er. e?r!ier me ass>aned rypiml circait uc!:es 
a s  fol!ows: z: = 1 --- 

l llliij c-l = 0.000 1 pf 
R 2 =  i m w  C2 = 0.05 F! 
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To caiculote the charge time mnstmt  in seconds: 
Chorqe TC = R2(C2 t C3 + C4) r R X 3  tR4C4 

= l(0.05 + 0.05 r 0.01) + (0.1 x 0.05) 
+ (0.1 x 0.01) 

= 0.11 t 0.005 t 0.001 
= 0.116 second 

To calculate the discharge time constant in seconds: 
Dischnrge TC=(R4 + R2 + R11C4 t (R3 t R2 + Rl)C3 

+ (RZ t R11C2 + RlCl 
= (2.1)0.01 + (2.i)o.o5 + iz10.05 

t (1)O.WOl 
= 0.021 t 0.105 t 0.1 r 0.0001 
= 0.2261 second 

Thus, from the calculations made obove, the charge 
time mnstmt  i s  found to be 0.116 second md the discharge 
time mnstmt  0.2261 second. From this exwple it can be 
seen thot if the dischmge time constmt i s  too long a d  
t k  received signal fodes rapidly, the output of the receiv- 
er hill be reduced until the R-C networks have discharged 
sufficiently to permit the receiver gain to increase and com- 
pensate for the drop in input s~gna l  level. This imbility of 
AGC voltage to respond and follow rapid chonges in input 
sigml level is culled time dalel (or t ime Ing ) in the A K  
response. The greater the values of Rand C, the longer 
the AGC tlme constant and the time delay of the AGC sy- 
stem: thesmaller the d u e  of R and C, theshorter the 
time constant and the time delay. However, if the cb rge  
time constant is t w  short, modulotion components which 
are present on the d-c control voltage may cause degenera- 
tlve effects. (Tnese effects were mentioned earlier in this 
discussion.) Thus, reducing the values of R and C below 
some practical minimum for a particular AGC system re- 
sults in a reduction of filter efficiency; therefore, it is 
usually necessary to reach some compromise between 
iilter efficiency and time delay in the design of an AGC sy- 
stem. 

SIMPLE AGC CIRCUIT. 

APPLICATION. 
n e  basic AGC circuit i s  used in mMy communicotians 

old broadcast receivers and in certoin radar and television 
receivers, to obtain o 6 c  control voltage which i s  supplied 
a s  m automatic bias for the r-f and i-f staqes of the re- 
ceiver. 

CHARACTERISTICS. 
D C  mntrol voltage i s  obtained directly from a detec- 

tor (demodulator) diode or from on additional diode used as 
a half-wave rectifier. 

Uses an RC network us an output filter. 
D C  output voltage varies in proportion to r-f input volt- 

age. Tnis circuit has a disadvantage in thot weak input 
signals produce a small output voltage which, in turn, tends 
to lower over-all receiver sensitivity to weak signds. 

CIRCUIT ANALYSIS. 
G-rind. 'The diode detector circuit, described in S e e  

tion 11, and the diode detector with AGC circuit, described 
in this section, are v e v  similar. Because of this similar- 
ity and because it i s  o simple matter to add a few a m p  

nents and make use of the detector output us a source of 
mntrol voltage, the functions of the detector md AGC cir- 
cuit me frequently combined in o single stage. The recti- 
fied voltage produced by the detector (demodulotor) diode 
across i t s  load resistance i s  proportiond to the amplitude 
of the received carrier: therefore, the resulting rectified d-c 
output voltage can be used to mntml the over-dl gain of 
the receiving system. An R-C network i s  used to filter the 
pulsotinq d-c output of the detector md  also to remove my 
modulotion component which might be present. 

Circuit Opermion. A combined detector ond AGC cir- 
Ni t  i s  illustrated in the accompmying circuit schematic, 
(A mmparison of this circuit with the typical diode detector 
qiven in Section 11 will show thot the circuits me basicdly 
the s w e  except for the addition of resistor R3 md c a p e  
citor C3.) Trmsfoner  T1 mnsists of tuned primmy md 
secondary windings which ore resonant at the frequenq of 
the i-f amplifier; T1 i s  the output transformer of the i-f 
amplifier chmnel in a mnventiond receiving system. 

Comoined Detector (Demodulator) and AGC Circuit 

Electron tube V1 i s  an indirectly heated cathodetype 
diode, md may be included within the envelope of a multi- 
purpose tube; the filament (heuter) circuit i s  not shown on 
the schematic. 

Capacitor C1, resistor R1, and capcitor C2 fom a low- 
pass R C  filter network. Potentiometer (vmiable resistor) 
R2 i s  the diode load resistor, and also the mmual volume 
control for the receiver. The setting of potentiometer R2 
determines the mplitude of audio output signal which i s  
coupled by capacitor C4 to succeedins omolifier staaes. 
Resistor k3 &d capacitor C3 form anRC'network t i  filter 
the d-c voltage applied to the controlled staaes as mtomatlc 
bias. 

The operation of a typical detector (demodulotor) cir- 
cuit i s  given in the circuit analysis portion of DIODE DE- 
TECTORS, Section 11, m d  m q  be reviewed at this time 
i f  desired. Thus, for the purpose of this discussion, it i s  
sufficient to say that a d c  voltage which varies in ampli- 
tude according to the modulation bequenq i s  developed 
across diode load resistor R2 whenever a modulated signal 
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i s  applied to the input of the detector circuit. The polority 
of the rectified voltage i s  given on the simplified schematic 
diagrom. 

The P C  network cansistinq of resistor 33 and capaci- 
tor C3 i s  c o ~ e c t e d  to the iunction of resistors Ri and R2. 
The neaative voltage at this point i s  o d c  vol tag~ with an 
a!!erno*;..g m m p n n !  -.ibich i s  h e  rcx!: of .mpl':iide mod- 
ulation present on the r-f signal. The purpose of resistor 
R3 and capacitor C3 i s  to remove the modulatim mmponents 
so  that a steadv d z  voltaae i s  ovailoble a s  o bias vdltaae 
for the controlled stoges of the receiver. 

Assuve for the moment tho1 n weak signal i s  being 
received. In this case the voltage developed across diode 
LC+ :es:stcr 3 2  ,:::]: 52 czd! .;okcGc, *s :?:"khG 

reduced cn!;. c slight cnomt. 
Next, assume that a moderate signal i s  being received. 

In this case the voltoge developd across diode load re- 
sistor R2 will increose in value, and, a s  a result, the value 
of grid bias voltage applied to the controlled stages will 
also increase; thus, the gain of the controlled stoges will 
be further reduced. 

Now, assume h o t  a sirong signal i s  being received. in 
this case the voltoge developed across diode load resistor 
R2 will increase considerably, and, as a result, the bias 
voltoge applied to the cantrolled stages will also increase; 
thus, the gain of the controlled staqes will be still further 
reduced. 

From the three signal inplt conditions just described, 
it car. be seen that a s  the strenath o! the inrrut simal to the 
ieceiver increases, the detector output and the voiue of the 
control voltase increase a s  o result, and, to offset the in- ~. 
crease in inpit s iwal  strenyth, the overdl1 yain of the re- 
ceive: i s  reduced. Conversely, as the strength of the input 
siqnd to the recelver decreases, the detector output and 
the value of the control voltage decreases as a result, and, 
to offset the decrease in input signal strength, the over-all 
gain of the receiver i s  increased. 

The effect of an automatic bios control voltage i s  to 
"level out" the response of the receivinq system. Thus. 
the change in  receiver output for a given change in input 
signal i s  always less with an AGC circuit than it i s  with- 
nilt m AGC circuit. 

~. 
inq schematic; this clrmit i s  o vmiotion oi the basic diode 
detector circuit discussed previously in Section 11. The 
alaoe, ?I, is not used to demMulote the signal: instead, 
i t  i s  used only a s  o holf-wave rectifier to obtoin an AGC 
vairaoe ah,&? is procortioncl to the input simal. The . . 
&ode nay be a sepiliate eiectmn rube, or may be lnciudea 
within the envelope of a m u l t i m s e  tube. Capacitor C! . . 
i s  an r-f couplinq capacitor, and i s  normally cmnected to 
o relotivcly high-impedance signal source, such a s  the 
:Ictc of the detector (demcdulator) diode or the plate of the 
I - - . <  ' w->.': . ... ."-. .-. ,,,,,..e~ \"be. ?he dc output voltoge is devriu?d 
viiljsa diode iuud resistor i?i os the IPSII~T  "i sjcy~i T ~ C T I -  

: - 2  - . - ^ r  
"11 ".""' . &. i IIOI.,LYI 1 ,' *lU LY,mLIL"I Y L  IULL:I  W, 

Simple AGC Diode Circvii 

R-C network to filter the d c  voltoge applied to the control- 
led stages. 

The main disadvantage of the two AGC circuits just 
described i s  that oil received siqnals -including weak 
signals - will develop AGC voltage. Thus, even o very 
weak signal will produce a ma l l  mount of AGC voltage, 
causing o reduction in the over-all receiver gain at a time 
when maximum gain i s  desired. 

FAILURE ANALYSIS. 
tonerol.  Sefore stispectin9 :rouble in the A X  cir- 

cuit, it must first be established that the detector ( d m o b  
ulator) circuit and the r-f and i-f amplifier circuits me 
functioning normally. Checks must be made to determine 
whether there me any shorted, leaky, or open companents 
in the R C  networks of the cootrolled stages (either series- 
ar pma!iei-fed). L'efectiue mmponents in these networks 
will affect the AGC voltoge distribution, the AGC circuit 
time constant, and perhaps the resonance and selectivity 
of the tuned coupling circuits. 

No AGC Vatloge.. The AGC voltage nwutput condition 
i s  jezerolly caused by a fmluie in the detector (demodula- 
tor) circuit, and i s  usuolly accomplished by a lock of detec- 
tor output. Since the AGC circuit i s  often a p a t  of the 
detector c i rc~i t ,  the correct operation of the detector should 
be determined ?,as gC<e~ in k"on 11) before investigating 
:t,e AGC circuit for a possible failure. An exception lo 
this procedure is the case where a diode which i s  indepen- 
dent of the detector (demodulator) diode i s  used to obtain 
AGC voltage. The procedure for failure analysis of the in- 
dependent AGC diode circuit is essentially the same a s  
the procedure given for the detector (demodulator) diode 
circuit. 

in either the sirnplp AGC c i r o ~ i t  or !he indep.dezt A K  
diode circuit, if the output capxitor of the R-C filter net- 
wnrk is shnr!rri, the PGC o n p !  voltiln- ,- ,w i l l  . -.. k,e deve!oped 
acrcss the filter resistor, and, therefore, no AGC voltage 
will 'be appiiea to the canuolled stages. 

Hecause AGC cumits  me n m l y  always !ow-voltoge, 
b:27-ih>&s2cc c:r2:itz, :: .::i!! r,cccgsq. .z a :<;:. 
abie vocuurn-tuoe voiuneta men mmlng AGi voltage 
n!eOSUre"!eC~S. 
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Lor  AGC voltage. Low AGC valtaqe will result in ducing m afc a r o r  voltaqe, the oddition of an afc discrimi- 
W t e r  than normal overall receiver gain, ond will often natar becomes necessary, as show in port B of the i!lustia- 
muse distortion when a strong signal is received. With a tim. This error voltoqe, reqardless of how it i s  obtained, 
known r-f or i-f signal (either modulated or unmadulated) is now applied to the cmtrol device, whose functim it 1s 

applied to the input of the receiver or to the input of the to receive the error wltoge fran the discriminator and chonqe 
detector circuit, o d s  voltage measurement should be mode i t  into a frequency correction for the loco1 oscillotor. 
across the diode lead resistor to determine the value of 
negative AGC voltaqe present. (AGC voltaqes should 
always be measured with a suitable vacuum-tube voltmeter.) 
A second voltage measurement should then be made at the 
output terminals of the AGC circuit (across the output capo 
citor of the R C  filter network) to determine whether the 
voltage at the output i s  the some value as the voltoqe mw- 
s u r d  at the input to the RC filter network. If the output 
voltage measured is less than the input wltoqe, it i s  likely 
that o voltogedividci action is taking place, cmsinq a 
~ m t  to flow in the circuit, with o consequent voltaqe 
drop across the filter resistor. In this case, the output co- 
pacitor oi the R C  filter network moy ke leaky, or the capa- 
citors, tuned circuits, or other impedances in the controlled 
stages may hove leakage pnths to qiound (chassis). Meo- 
surements moy be made throughout the voltage distribution 
system to determine the points at which voltagedivider 

action i s  occurrino, in order to further isolate the faultv 
component. As on alternative, the circuit connection at the 
output of the R C  filter network. sometimes referred to os 

bus, should be disconnected to isolate the con- 
trolled staoes: the conrponents of the networks ossocioted 
with thesestoges should ti.en be checked by meons of 
resistance measurements to locate the faulty component(s) 
in the wltage distribution system. 

AFC CIRCUITS. 
Autamatic Frequency Cantrol circuits have a wide ranqe 

of applicationsin radio, television, and rador. Their pur- 
pose i s  to automatically compensate for any drift in lac31 
oscillator frequency, os well as to outomoticdly lock onto 
the selected frequency once the receiver is tuned to the 
approximote frequency. Thus, it i s  the function of ofc to 
compensate for the wormup time of the receiver, during ,#hi& 
the receiver i s  very susceptible to drift, as well ar. to cam- 
pensate for my error in the mechanic01 tuninq of the receiver. 

Our discussion here will be primarily concerned with ofc 
systems which change the frequency of the local oscillator 
to m m m s a t e  for anv freouenw drift which mov occur in . . . 
the r-f stage of the receiver, and also counteracts any ten- 
dmcy towards a frequency drlit in the local ascillotor. 

' I l l h e  introduction of ofc to o receiver necessitates the 
wploymmt of one or more odditionol circuits, consistinq 
essentially of a disniminator and o control device. The 
functim of the discriminator is to changethe directim and 
mount of the frequmcy error into a correspondinq correction 
or mntml valtaqe variation. Mony dixriminotois or &tec- 
tors employed in f-m receivers ore copable in themselves 
of povidinq m ofc voltoqe, so it may not be necessary in 
these mses ta  odd a discriminator to the receiver. This 
type of dc system i s  shown in part A of the occomwyinq 
illustIation. If the receiver detector is not capable of pro- 

LOCIL  W T R a  DISCRIU- 
U U I T O R  D M C E  INITOR 

(0) 
Blwk Diopmmr of Typical AFC Systems 

- 
R-F 

IYPLIFIER 

L 

If the output of the i-f ampliiier i s  at the proper fre- 
quency, it i s  coupled directly thmqh the disctiminotor and 
no error voltaqe i s  mupled back to the contiol device. 
Thus, the local oscillotor frequmcy remains the same. 
If the i-f frequency i s  t w  hiqh, the error voltoqe, for exam- 
ple, increases, and provides the necessary adjustment to 
the loco1 oscillotor. Canveisely, if the i-f hequmw is too 
low the error voltage, for exmple, decrmses, and provides 
the necessary adjustment to the l a a l  oscillotor. 

A more refined method of ofc contains its own separate 
miner. This type of a fc  i s  used primarily in rador and thus 
the receiver employs two mvei ters :  one converter i s  used 
to mix the echo sicpial, and the other i s  used for the afc. 
A block dio~ram illustratho such a svstem is illustrated 
below. 

- 

CHANGE 2 

- 
DISCRIY- 
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L 
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4 

- 
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ERROR VOCTIGE L D U L  
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C O t i i i i O i  
DEVlCE OSCILLATOR AMPLIFIER 

I 

Block Oioqram of Oovble Mixer AFC 

knee t3e t l ~ ~ . s r n l t t ~ I !  p d s e  1s used cs L!e !requenc;. 
sample for ht,cic mixer in tb,is ap?licotion, it  i s  not necfs- 
sary tnato':titubepieceejti~e~Icmixei. A llxed atrenuator 
Clr 6c I;.;- 1 k n ~ t ~ ~ ~ ! ! ,  0s O pIu!'CUm. !or the n fc  circuit. 
n. >.. ,.,< .=,,., ..., . .  .;! :hi o lc  op?rotior i s  tt,e same as tt,o!oi 
m y  o h e r  UIC system, that is, the mxer discrim~notoi 
produces on errorvoltoqe lor oppiicotion to the control 
device, 3n,! the mntrol device changes the  locol :i:;i!3tor 
froqui.~::? r z  .ecncczn;. 1: ~ h o c ! 3  he ?c!cI! thc! !he !cco! 

i.s;;;iito; i o ~ r  5 u p p i ~ c s  I n s  I I ~ I X C ~  U I I , : U I ~ . ~ ,  ::istwc: 01  ti^ 
m a !  one, h!!r this power rq i l i i c rnc~~t  : s  rnsl ly  a!tc:ncd by 

d; :,bc,t id1 , > . ~ c ! ~ ~ J ~ u ~  ,a%'. 
tuolrl! .t;s ol - : r ' - ~ : n r i  wtilch moy :.I, ~st-,j os vontrol 

?rb.iccz ~7: 3:zd:.::2 ifi tt,is ~ !~ ,ap tc r .  ':l.c ?o : t~a l .x  zar,tro: 
,.;,,.,,,, , ~ . l , , , .  -., < V  ,.,, 

-..-u-.. .. -wntingmt :upon t i c  rcccivcr ,- ,,,'.'-L tL . - ,,, ..r.ri.. ,,,E 

iiiiiii: 1.; I,-, he ,ispn. ~ncphon!c;trnn vnntm: r i r r l t ,  tnr 
eramole, 1s !nos1 corrlmonly used Inior!ar reccivpr ooplico- 
!lor% Scro::rr o! ::r swrcp vo!tagc c>,oiocte;~stics, .wk,ile 
ior thesane riosan, i t  is not usci In ine stonciord 1-m rarlla 
recclve:. il c2:ltrol device somnanly found in the f-m mJi3 
:ccci,Jer I; the reactance tlihc iontial i cv ice ,  or ti,? t/tyra- 

, . 
lliil L ~ I I L I V I  I L V L L . C .  

PHANTASTRON AFC CIRCUIT. 

APPLICATION. . . -~ . . . . . . . . . . . . . . . . .  - ~ .  . ~ , < .  . .  . . . . . . . . . .  " ..\..."a.. -..<".. ... ,",."x .............. 
:!?ctroni~ i,,flipmcrr to rontrol the local a sc~ l ia to i  dri;l 

, , ,  .............. .-1 ."LL"" ....... LC.. ;. p,aa"""- L" 1. ..,.,,.... :. 
:?F ':ic:: 91 lo>-~ l  o s i ! i t ~ i ~ r  01 t m s m i t t e r  .!rltt. 

CHARACTERISTICS. 
bsei: I; hard t ~ i h e  phonro:;trnr: o r ~ l l n t c ~ r  ns r i  srnrc:~ 

swer;;. 

Smrch SWFPP operates ot o rot? of ohm! OF y c l ?  
. . .  "--".,". 
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Automatically conuols  the local oscillator repeller 
voltoqe to maintain the proper i-i l i f e r e n c e  frequency. 

~ ~ 

Dutplt rnoy be toke ,  fro- t':e cdhudc,  s c r w . ,  or plcte, 
and be either mci'lvi. or ne:n!?ve. 

Canbines o stable  multivibrotor ocuon with dc ompli- 
frer ortion in m e  t u k .  

CIRCUIT ANALYSIS. 
General. The phontcstror :!c wstcrn provides o means 

of automatically controliinq t k , ~  fr~q11011cy of o klystron 
local oscillotor. The out;;ut ct tkc rccclvcr discriminator 
is coupled ttirouqh o pulse arn;!iil;i s t , , ,~ i  to o ~iiaiii smch 
stopper stoqe. ' h e  pha::tcst:o? ::cs:ci tuk, in the obscncc 

> < 
u L " , 1 . :l'i""r! Uvl l r ,  "",,:i~> U 

one cycle per second sawtmtb. wovc to the klystron repeller. 
Wnen the swwpinq ~ l y c t m n  r-qer;.s a t r equ~ncy  which "TO- 

duccs the p r o p  nutput frnn In" ? l r n i m i n ~ t o ~ ,  the s rmrh 
, . 

stuvpe! upplle:, ir i..sunL:.: ::..:; :u h e  7 r ~ d  ui the 
phrmstostron search hibe and converts it  into a d-c omplilier. 
Corrections lor small lrequencr c i a n l c s  are then occom- 
plished by thc search stopper ilik or: tne ci, amplil~er. 

Circuit Owrotion. The acco:.;pcr.ylnq schurnotic illus- 
trates a typicul phontostron41ode a!c s h e e p  circuit. 

Phantartron AFC Circuit 

%!v Sic scarir, :.KG; ;,;i cr: the s tarch stowcr diode 
u r r  sk,oorn in ~ i r !  :;inec.at;i, ~i:..? :rlc xsn lmmotor  and . . . . .  . .  ",,,-nq-.. ,,,*. - .  . a -  .......-, 
"".U. :..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ?,! in  or.- 

................................ .... ......... P;Cr ,~,.b ,',r ",', . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . I  1-$ nf 'ir 
... ",,, ........ .......I. -.- .,:. m,,n,.nn mnnr ..?. 

~ ~~- -~ ~ ~~~~ . . . . . . . . . . . . .  . . .  
~ , ,  , ,. , I p o t ,  2 .  : ,: , l i p ; i f i j  r e ~ i s t o i  m d  c,Jthode 

L............ 1.. " >  
Lz,,,.. , , , ,  . . .  : '  .!... .,!fri. ., .j.: r,-!um 
. , , , r . ,  . - - -  , , . , .  , ... .- .,l-l..-. .... . . .  .....-. i.L iiir Y i w r  im.~ i r  

?̂ i;.; :. : .. , P i .  ........... .-lctir! &.e!op 
a li h l n i  ti, r l l r  lo i i l t i r  -;r.1,-l*r. !'2. Resistor R3 couples 

. , ,  
GcXL:. > ~ " P W L #  ,,,U&>C G , ~ L ,  L U  lie ,,,," "1 p,",,L">tm" 

-'::ci.; c::lp!i!lr:: :.kc 'V2, ~ n - 1  ,;i;?sntally a c t s  as o ser ies  
i; ' .  LC. ,. . .csisioi ru e i i m l n o t ~  m: r lpj ie  frequency appeonnq 

3ci<;:i% 2. HPI::I:o: VS < -  .., . .L,- ~'-~'tn:ostion piate laad re- 
c,.. t2r .:, ; D C .  :,: ,LC .---- ? ..- ..-. .- -.- . - ....... -. :i;.. . ;  .. .d. :,-r '12. Co;ucitor -- , . . "  -,..- ." -..> :. ---- ,-. -., ." ..... ..".....u....... ............................. ,,,,! ,.% 

CHANGE 2 
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couples  t h e  suppressor of V2 to the screen and a l s o  a c t s  
a s  o screen bypass  to ground via resistor R6. Pesls tor  P 5  
se rves  the dual function of octinq as  a chmginq a r d  dis- 
chorqinq resistor for C4, and a s  o qround return resistor for 
t h e  suppressor of tube V2. The voltoqe divider newark 
consisting of R7, RE, and R9 i s  connected between the 
plote of phantasvon sweep tube V2 and the -30C volt repeller 
supply to the klystron locol oscillotar. Resistor Rf! i s  
a potentiometer to permit monuai adjustment of the locol 
oscillator voltoge for oppraximotely the proper f r e q ~ e n q .  

In normal operation, the application of plate voltoqe to 
phontastron tube V2 causes  the olote to draw current, which 
dec reases  the plote voltaqe abr;ptly because of the h17h 
resis tonce of R4. Th i s  drop i s  applied throuah capacitor . ~ . . 
C3 to the control grid. The control grid voltage will not 
decrease for enough to cut  off the plate current, s ince the 
source of voltage 1s in the plate circuit. The plate voltage 
e p  now begins to d e n e a s e  groduolly while the control qrid 
voltage eg  of V2 now r i ses  slowly a s  C3 discharqes, cousinq 
plate  voltage ep to continue to drop m d  produce o neqative- 
going output sweep voltage a s  shown in the accomponyinq 
waveform illustrotion. 

Since the plote current of a pentode remains nearly 
ccnstunt over a specif ic  range of plate voltage, the dis- 
charge of C3 is fairly linear. When the plote valtaqe drops 
sufficiently to reach the bend or knee in the tube Ep - Ip 

characteristic curve the plote current no lonqer renoins 
constunt and decreases  towards zero. Since the cathode 
current of the phontosvon i s  essen!iolly constant, the 
screen grid draws t h e  current not being drawn by the plate, 
m d  the screen voltaoe dops .  This  droo in screen voltaoe . . 
is applied to the suppressor grid through C4 m d  develops o 
suppressor voltaae across  R6 which couses  an odditionol . . 
drop in plate  cdrrent. The process i s  regenerative and soon 
cutsoff the plate current. The plate current remoins cut  o f i  
until C4 discharges sufficiently to ollow the plote to s tar t  
dmwina current aaain. Durina plate current cutoff C3 choraes. . . 
'Ihis circuit action i s  repeated a t  o rote o f  obout one q c : e  
per s e c m d ,  developing o neqative sawtooth sweep i t  tt.e 
plote of the phmtostron. A s  the neqative sweep voltaqe 
is applied to the voltage divider consistinq of R7, Fie,, n n i  
R9 the  klystron repeller voltage becomes more negative, and 
theklystron frequency increases. 

Normally, the discriminotor stoqe is connected tc produce 
negative output pulses  for an i r t e n e d i o t e  irequency qreoter 
than 30 megacycles. Slnce these pulses  ore inverted by the 
pulse  amplifier s toqe and produce a positive pulse input to 
the cathode of seorch Stopper diode V1 throuqh C1 the h o 2 e  
will n a t  conduct, and the klystron frequency i s  perr l t tcd to 
r i se  until the intermediate frequency becomes l e s s  than 30 
megacycles, a t  which time the discriminator produces posl- 
tive output pulses. At this p o ~ n t  the lockinq octlan be l lns  
to toke place. The positive discriminator pulscs cre 07- 

plified m d  inverted by the pulse omplifier stoqe. The in- 
put to t h e  cathode of the seorch stopper now i s  a ser ies  of 
nwiotive pulses  which m u s e  the diode to conduct. .After 
a few pulses  copacitor C2 i s  charged sufficiently by the 
voltage drop across  R2 to hold the phontostror. g r i i  bics 

TIME v 

Phontartron Waveforms 

constant. The irodual .i:-crrcse of V? plate vnlt;q- fi??; 

c e a s e s  and s tops  the neqotivr w w p  of r ~ p c l l e r  volto7e, 
and the rcpriler volto;;? i s  held constnnl ot f:l~s zoint. ti 
small disploccrncnt of ti;- intercar:!iote f r e q ~ ~ c n c ~  frcm 32 
meqacyclcs r;i!l ex i s t  ir cr,der to :::ni:lt3ir i; eior:e an C2, 
and keep the phan t~s t ron  [:In1 t a t  tt,e ,ies:re? potential. 

If the k l y s t r o ~  local asclllottir frequrncv or :he n:cnr,r 
tron transmitter frequency now chanqe to produce on I-f 
qreoter  than 30 mc, positive p ! ~ l s ~ s  ore applied tc tile s e x &  
stopper diode to ?revent it from cond:lctina an:! the neontive 
going plcte ,voltaqe s w w r  ?Jntir!ue.; d r t d  it :rir:: :hr 
intermediate frequency back to 30 mc. If the drift :z ir: tL.c 

opposlte direction and cocsrs irr i : l tcrc .~?is t i  irequcncy tc 
further decreose in frequency the seorch stopper ; i d -  
conducts  heavier and develops a lorqer bios an t i e  2nd  o f  
V2. Tube V2 now a c t s  like an amplifier and the ~ l c t z  c;r- 
rent dec reases  a s  the neqotive qrid bias  i rcreases ,  dr;clop- 
ing a positive voltoqe swinq in the output across  the plzte 
voltage divider. Tn.us theklystron frequency i s  1m;erej ts  
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bring the intermcdiote i r e q e r c y  b x k  to the nor-31 30 mc 
difference value. 

FAILURE ANALYSIS. 
NO Output. LOSS of plote or screen voltoqe due to failure 

of t+e p w e :  i-pply, sr ~f re;ls:c; R?, P,7, 98, P,9 on3 95 
me defectlve, or a defective tube V2 can noke the circuit 
inoperotlvr on.' ~ T O ~ I I C - P  o nncllltpl! rordi t ion,  Meczure 
p s i t i v e  and negative supply voltoqes with o volmeter to 
make certain thot d.e supply or a blown fuse i s  not the 
fault.  Check the resistance of R4, P,5, R7, R 8  ond 9 9  with 
an ohmmeter for c a n t i ~ ~ ~ t y  and proper volue. If the rpsistors 
a r e  satisfactory and the volta3es are normal, V2 may t~ 
a t  fault. Usually failure of any other components will 
p r n h ~ e  1. Lmpnnz: syree: 2: *_ CCZE!(L~! ?.'!FA! :=:he: ! h z  
none a t  a l l .  

L o w  Output. Lubr supv:; vvltace, a defectlve rube V i ,  
or o chonqe in v a l w  3: reslstars 34, 55, RE. RS. Ra and 
" A , ,  . ' . - .  ,.. ,, -, : .L^ "1. . . - I  ,--. " . "".I."1. i.,. ..rr.l .".,"-,_ 
with o voltmeter, and 1i.e resistcr ior volue with on ohm- 
meter. 

~mproper Swsrp. I4aimally, w i h  no Inout to search s t o w  
per tube V l ,  a C O I I S ~ O ~ ~  riewilve o l i tp~ t  s.+veep voltoqe should 
occur O'XL: 3 n ~ e  1 x 5  SPCOP.~ ,  i x ~ c ~ t ~ r i  tnzt V2 1s opeict- 
ing noimally. A fcstrr ir s1;r.r: ;>iccp ir.ilcates that "/2 
is not  perl lit;^^^^ ~ i l i r e c t : ~ ~ .  A LUSVI s~leeti will lndicaie 
reduced time constcnts s ~ c h  as c shcrtedresistor or lower 
valued capacitor, wnlie a slower sweep indicates an in- 
creased time constant such a s  o lcrqer volue of i e s i s t m c e  
or capacitance. Checn the v c l x s  of R2, R3, and R6 with an 

"r"h.rL ,:? 1.1.: -4 ,.,l!L l? !n.cjyc~!! CC"Ic! -  

tance chccker. If c::c:n: val tcl-s  zrr ncrnol an? !he capoc- 
itance md :csls:3nce 3:e s i t i s f a i t s ~ y ,  V2 is most likely 
a t  fault. I t  i s  usually necessary ?hat the oic circuit be 
adjusted s o  that the local osc~llotor  frequency cannot 
pass inrauqii the wron: 51323m;, or : ~ O I C ~ ~ T  lockiny will 
... 1 ,~.x,.l .  

Const.mt Sweep. k e 3 n s l 0 ~ 1  =veep wlin no lock-ln occur- 
rinq ini icotes  eiirer u i3ila:e c i  t i"  se.:rci stopper clrcliit, 
diode VI, or fallure of tne precedlnn 3111.'~ 3mp1111er or 
discriminator s t a le r .  n e c k  ioi 3 PJ!SC input from cothode 
to grosnd c f  V! with nr i r c ~ l l n s c c p r .  Ii  ~c!si.s ex!:! on !kt. - 
i n p ~ t  s ide of C; but 7 . ~ 1   crass ?I ,  z a ~ o a t ~  LI is "wn. 
If pulses exist ncross 0:: :  !.l ?.citoqe opp?ors ucrrlss 
R2, either C2 is  shorte?, cr V1 is ?e!ec!i.!e. !! the voltzcc 
c! the m o d s  a! V! is  !o.:, check the v a l ~ e s  c! P.! w d  9 2  
with m ok~,meter  3r.l :'.r x p a c i *  n! C2 vi:k, : a F c l t 3 i c r  
chpcker. 

THYRATRON AFC CIRCUIT 

APPLICATION. - - . , 
,r,c L,,,rJir"<, J;< L.;:...: ,s".;,?,; ,,, ,,:,;.;, .>. GL,,?, te,,., - 

,10n,c Pql,,Z-mt TO ---r:,- .-" ,., .."-.I?--.; .;:;,-:7 t -n  

.-Le i .<er"-"-L--> --A .,-- z: --.- I , " - - ,  I .n- 
iY.,- , " , ,  ., .. . ..., 1 - , t  ,,. , , , 1 ,>,,~ .. \ >L,# .  

into? orlit. 
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CHARACTERISTICS. 
Utlllzcs two myrotror.s, iunct inn~-? n i  r e l~vo t iao  oscii- 

lators. 
a.onlc5m, error ,io!tl:- !-:.! !r!r 3 ::-55: :.c!!sqc 

outpu!. 
Sweeps con1inuou:;iy :.iti i r  in;?ll. 
Sweep sued chnn,les lor 'I r b 3 r 7 -  lr error ,mitnl-. 

CIRCUIT ANALYSIS. 
Generol. Tne thyrotroc ~ I C  s y ~ t c - .  ~ . I c . J ~ ~ c :  c ::CC~S 

o! contrcl l~nl  the freqllr!!e,) r;! a L.:,)st~r. Inccl -~c!llotar. 
Tne output of t ie recel,:,: i:r-::;.r::cr : c  :c;plcc thro~i:; 

, .  . ... --- -.. 4 . -  --- .- .. . I ., ..,"., , ~ . ,  . .. .,.,, - . .\, ,.- !ng,lt 0: * I F  

first reloitotlol. osi:illal~~i Cvr,:e-i>r:h re!-!:$ i -c 2; the 
.-".-L" , " Z . . . ~  ..~ ~ <."~-,, d~ uypL ~ , .  .. .,, ,!,,,,. . ,,.~,;,;,, Z;L .>,:,;c,,, ,a >,KLC>. 

.wry b e c o ~ ~ e  of the :rlotl'!i.:y l ~ r ~ ?  7s:1113!or !requency 
drifts encour~~er& in  nlqn ir-c:>-n~: rnlar .  Tvn tnymtrons 
provide o coarse and a fine t~d*.!r~ Y , J : : C X ,  I:!,!~L 

- -  ... ...*-. . , . . .... cp .,C,,S,"L\.t ;,,.'.,. L r . .  . .; i..L.I: l  1111,:r di  L:." 
swrch  stopper. The SEC~CL, . X ? F p r ,  :1 :I::?, 3c!s cs he 
fine tune control, tuninq tne l\!,;trsc 12x1  csc!II~tor s o  
as to produce prec1siliy tlli- ~.OIIP-I  i-i f r ~ . 3 ~ e n q  for lock-IT. 

System feciqn issuck tint it  s;i?S?i 1 larqe bond of 
frequencies, and locks 3nto tt,e .ii;::.-' frequency ,-w~en i t  
rrccies me disc:iminctcr crcssi;ir i.c;r.t. An error volta,:e 
irom in? dinrlnnnatar  con!rois !r- ii-? n! the SDCICE s l o p  
per (the first thyrotron). m? lr :it ~ b s e n c e  of an error volt- 
oge, such os when the tionsnittir is not operatinq, the 
sweep generator (second thyrntron) i , ~ r , t s  continuously. 
%en the transmitter is operotin:, onl wt,en thei-f f r e q u n q  
ii .... ,Li- ,in .""n; ..n. L ^ ^ ;  ... 1.L .L. -..-. .- :. ~ -.>:.> ." ... " ... ,..I l,,l.. 1 1 -' 4.1...1,.., '-....T '" "'ii"'" 
by h e  discriminator, L ~ , C  , v ~ ! l ~ e  3! ri?iik. ?~:c;:::lnes t-,c 
c d t g ~ t  G! :he sedrrt ~ l ~ ~ p p ~ . ~ .  

Circuit  opr0 t ion .  A scllr;:~JDc d1aliarP o f  o thyr~tron 
afc circuit i s  illustrated In the occonpmyinq schemat~c.  

- - I"' 
INPUT 

!EWU 
u ~ ~ C R I U I N A ~  

OUTPUT 

I T 0  REPELLf 

- t 

i-1 jS6 

i -+ E.. IFt ; '  .. . 
+ ? I - 

Thyrotron AFC Circuit 
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Tnyrotron V1 i s  the search stcpper, functiminq as a 
r e h x a t i ~  oscillator. Capacitor, Ci i s  the inplt caupling 
capacitor, and R3 i s  the grid resistor. Capxitor C2, con- 
nected between the plote md cathode of V1, determines the 
repetition iate of the search stopper. R1 md Fa form o re- 
sistive series charge path for capacitor C3, which determines 
the repetition rate of sweep generator V2. R4 is the grid 
resistor for V2, ond R5 and R6 form an mtpl t  voltoqe divider. 
to supply a portion of the outplt to the repeller of the klys- 
tron. Bias su~p ly  Ecc,, applied to the wid of each tube. 
determines the firing p i n t  of the thymuon. Variable re-  
sistor R7 permits setting the repeller voltage to the proper 
value so that thesweep generator ou tp l t cases  the klystron 
local oscillator to hunt by on q u d  amount oboveand below 
the cross over frequency. 

If the transmitteris operotinq, and the ~wol  osciilotor 
and the transmitter differ by app.oximately the intermediate 
frequency, thesearch stopper receives a series of pulses from 
the discriminotor (one pulse for eoch pulseof transmitted 
energy). The timeconstant of capocitorC2in theplotecimuit 
ofthe searchstopper is such that itcharqessufficiently toollow 
V1 to fire once for every three or four disniminamr pulses 
ot the input. When the thyratron ionizes, the plate potential 
drops to o voltage which i s  very d o s e  to the cathode poten- 
tial. This i s  due to the low cmduction resistmce of the 
tube. The capacitor begins to ropidly discharqe, and a s  
s w n  a s  it discharges sufficiently, the tube deionizes. 
Immediotely upon deionizotim, the copxitor beginsrechorq- 
ing, md  the cycle repeats. The semch stopper continues 
to ionize and deionize ot the same rote, a s  lonq a s  the 
pulses fron the discriminotor remoin ot the same amplitude. 
These sowtwthsgeneroted by the search stopper are 
smwthed out to o pulsotinq d s  voltaqe, by the RC network 
in the plote circuit, ond are applied to the repeller of the 
klystron. Under these conditions, the klystron repellet 
i s  kept at its proper operathg voltaqe. md the i-f frequency 
i s  correct. If there is o dmq'? in the intermediate fre- 
quency because 01 local oscillotor drift, the amplitude of 
the pulses orriving at the input to the s m r d  stopper chmqes. 
For m increase in the i-f frewency, the pulses for example, 
decrease their omplitude. Since the amplitude of the pulses 
on the grid ore now less psitive, C2 in the plate circuit 
must charge to a higher voltaqe to ionize the tube. n u s  it 
takes a longer period of time for the tube to rwch the 
ionization potentla!, and therepetitim iate i s  slowed down. 
A slower repetition rote produces a lower averoqe piote cur- 
rent, so that theoveraqe plote voltaqe is incrwsed in a p s i -  
tive direction. This voltage chanqe oppeors at the rewllcr 
of the klystron, and the klystrori local oscillator chanqes its 
frequenq accordingly, autm~atlcolly mrrectinq the i-f 
frequmcy. 

For a decrease in the i-f frequency, the opposite condi- 
tion prevails. The pulses orrivinq from the disciiminotor 
arrive at a greater omplitude, cousing V1 to ionize more 
frequently, and produce o hilher averoje plote current. 
The higher plote current couses the overaqe plate voltoqe 
to decrease, on6 this decreose (a chanqe in the neqotive 
direction) i s  opplied to the repeller of the klystron. 'The 
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more negative repeller voltage chm jes the klystmn loco1 
oscillamr frequency acc~rd in~ ly ,  on3 the chonqe in the 
i-f frequency produced by osclilator drift is cariccted. 

h r i n q  the tlme that V l  controls the repeller voltoqe, 
sweep generotor V2 remains cutaff, becouse its plat€ volt- 
age i s  not positive enouqh to cllow i t  to ionize. Thesmich 
stopper's ability to vary the repeller voltaqe, however, 1s 
limited. If the i-f should drift too fci off frequency, thc 
search stopper no longer receives pulses 31 sufficient on- 
plitude from the discriminator to ionize Vl, and the plate 
volurrp inaases towards the value of supply voltage 
Ebb. It is under this condition that the sweep amerator 
tube i s  activated. As the plate voltoqe beqins risinq, C3 
in the plote circuit of V2 hg ins  charging, and the output 
voltaae to the rewller besins increasins pcsitively. The . ~ 

ionization point of the tube i s  established by qrid b ~ c s  Ecc,, 
ard as  s m  as C3 chargessufficiently to bring the plate 
voltage to the p o p r  level, the tubeionizes, ropidly dis- 
charchina W. md d r o ~ ~ i n a  the plate voltoae (and thus the * .  .. . . 
re~el ler  voltage) to almost cathode potential. When the 
comci ta  dischorqes sufficientlv, the tube deionizes, and 
C3 again begins choiginq, r ewt ing  the cycle. Tnesweep 
outmt which isoeneroted by this action is opplied to the 

~ ~ 

repller.  As th; sweep volioqe rises (during the time [hot 
V2 is deionized), the repller voltoqe also rises and the 
10x1 oscillotw frequency changes accordingly. 

When thesweep voltoqe i t  the r e p l k r  reaches the 
p o p  voltaqe to produce the correct i-f frequency, search 
stopper tube V1 once again receives operating pulses from 
the h i m i m t o r ,  and prevents V2 from ionizing, stoppinq 
the lmq sweep and lmking-in the l ~ a l  oscillatu. Once 
agoin s d  stopper tube V2 "fine tunes" thelocal oscil- 
h t a ,  until the next large ascillotafrequency shift cccurs, 
w h e r e u p  the lmg sweep cycle repeats. 

FAILURE ANALYSIS. 
NO 0 ~ 1 ~ ~ 1 .  A d e f ~ t i v e  V1 ond V2, on open resista R1, 

R2, R5, R6, a R7, o shorted C2 a C3, or the loss of supply 
voltage cnn muse o nwutput conditirn to exist. Check R1, 
R2, R5, R6, and R7 with an ohmmeter for proper volue. Check 
c a p c i t a s  C2 and C3 for value, or pss ible  shorts a opens 
with on incircuit capacitor checker. Measure the plate 
supply voltage, and the bios supply voltagewith a voltmeter 
fa p o p r  value, ond correct if nffessary. 

Continuou~ nuntinp. ?he loss of ~nput from the discrim- 
inator, anopenClorC2, or an npc!] R3 con cv :s r  thc failure 
of theafc system to lcck m to the correct frequency. With 
an ascilloscope, check for the presence of the pulses from 
the discrimirator ot the input. If not present, a defect is 
present insome precedir,gcircuit, ondthe alc system i s  prob 
ably not defective. If o s i p o l  is present, thyratran V1 may 
be a t  fault. Check R3 with an ohmmeter for proper volue, 
rmd check capxitors C1 and C2 with an incircuit cowcitor 
checker for Froper value. 

No Hunting. A defective thyrotion V2, an own C3, or 
on open R4 are the only compments whlch mn cause the 
system not to hunt when tt;e frequency drifts beyond the 
cmtrol of the semch stopper. Check resistor R4 with an 
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ohmmeter for proper value, and mpacitw C3 for poper value 
with m inclrcuit copocitor checker. 

REACTANCE TUBE AFC ClRCUIl  

hPPLIChT!M(. ". lne reanonce rube oic circuit is used in rodia receivers 
when it is desired to mcintain thc local oscillcta tiequency 
a the output of the mixer stage of the receiver at a s ~ i f i c  
heqwncy, which is ohays  in the i f  plss hand. 

CHARACTERISTICS. 
Converts an input voltoqpc!onqr to o rwctnncevariotion 

or ine oi>tpot. 
Ccntrols the frequency o f  thereceiver lccal cscillata. 
Utilizes a t r i d ~ .  .mitt, rcti lde (self: bios. 

CIRCUIT ANALYSIS. 
G.n.ml. h the hsk rmctonce tube AFC system, a 

reactancetube is used to change the reswlont frequency of 
the receiver loco1 oscillota by on aaomt and direction which 
carespcnds to the amount and dirstion of the irequency 
shift of the incorninqsignol. I1 the i-f frequency d thein- 
plt cbnges ,  it muses the disciim.ingtm tc sod'uce c dc 
voltage at its output havinq an amplitdde and phr i ty  which 
is pmpxtioml to this change. It is t k s  d c  voltage which 
is applied to the qrid of the rmctancetuk. The rmctance 
tube circuit is connected across the tank circuit d the l m l  
rscil latai  d its chorncteistics areruch tho! n chimge in 
i ts  conduction prodiices the s m e  e i i ~ t  os i cbonqe in it- 
actonce across the oscillota tank circuit. Tnus, the resonant 
frequency of the local osc~llator tank i l i c a ~ t  chonqes, com- 
pensating fa the frequency drift m the i-f stage. 

Circuit Oprotion. A sche~a t i c  diagram of 3 h i :  re- 
actance tube AFC cmtrol circuit is illustrated 'LEIOM. 

I VOLTAGE / L 

Basic Reactance Tube AFC Control Cirrvil 

Tr ide  V1 is the rmctoncetuk, usingcothcde bios, 
supplied by resistw FZ and mpci tor  C2. L1 is on r-I 
choke which keeps the i-f out of h e  plote valtoge supply. . w ,  tcgether with Q, i s  the oscilioror tonk circuit, con- 
nected ocrcss the Cl-Rl cornbinotion. Cl and R1 make up 
L+* .dGr cawc ~b der-- L-,ce circ";t, itor C4 
prevents the ac imrn berng appiled to the osciliotar tonk 
circuit. nie errw voltoqe from the discriminator is upplied 
between the grid of V1 ond ground, a s  s h w n  m the illus- 
tration. 

With no e n a  voltage applied to the grid of V l ,  the only 
voltage present acrcss the 01-Fi1 network i s  tile voltaqe 
across the osrillutor tank circuit. L2 and i?. The volues 
ni L:l and HI nechosen so thm !he IXC!"_"C~ "! C! iz !cr;e 
in cornprism to the resistanceof Rl,  permittinq the copxi-  
live reactance to LE t!ie current cmt:al!ing componcnt, und 
caasing the voltoqc oerosslt to laq the current thiouuil it iiv 
approximtely 90 derjrues. Since the some current which 
i l w s  throuqh C1 also flows tkcough Rl ,  and sincethis 
current leads thc applied .ioltogc by 90c, it prduces 3 

voltage drop across !!!e :esisto: ,which leads the applied 
voltoge by 96 deqrees. 7i!erPuctunritl!be is effectively in 
shunt with thecscrllotor took (C3 ond U )  and thephase 

"-1 <"I -..A r ne:wu,n ,-, ucu ,il:. kmi i ior  C: allivjs the o r  i omr  
p e n t  of cair~rit tc p s s  inrouqn it, and ot the some tme, 
prevents the d c  plute voltuye from being applied to the 
phaseshift circuit and the tank. 

Tne relationship of the currents and the v01to,~es in the 
^i._..i. __ L_L_.. " I _ : _ _ :  .L._ .L . i  . . . ~ .  
" L L Y ' L  i " I 1  Lh E l l  YA,,l"Y:I-~: L I I , Y . I , I  L : C  :lit: I,: < Y?-LV I  

diagram, a s  iilustiotd k i m , .  

Rela t i~sh ip  of Currents ond Volmger 
rith no ibdulafion l n p t  

?!" ."it ,7,2 iv j ^  thi a]iii;,7tiil .---- ... .: .' . , 
1 ,  l i l i p N > o $ r  , I >  t , , r  pilitr ti. 

-nmd va!tcgc zrm- --.--- ".. 
3." ~ - .  a..:.",~b, .w d,.: ,,sL. 

reactance tute, the Fnoseshltt netwaK and the osclllotor 
tank circuit. 'The oc grld-input voltogeis opplied across 
R1. This voboqe drop ocrass R1 is in phase with the plate 
current ip and the qrid current, is, o ielotiansh.ip charocter- 
istic d amplifier r~i tcs ,  
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Siuce both ip md ig are in phase with eq, md since 
eg leads ep by approximately 90 degrees, ip ond ig also 
lead ep by 90 degrees. Both of these currents are supplied 
by the oscillator tank circuit, ond since they lead the tank 
voltage, they act like the current in a capacitor. Thus the 
injection of these currents into the tank circuitaccompllshes 
thesameeffect as placing o copacitoi across the oscillotor 
tank circuit. The frequency of the tank in this case is, 
therefore, decreased. With no error voltoqe applied at the 
input, this frequency is the operating frequency of the loco1 
oscillator. 

If thei-f frequency drifts, the output of the mixer chanqes, 
and the discriminator produceson error voltaae at its output 
whichis proptional to the drift in i-f. ?his errorvoltage i s  
poduced a s  result of the input frequency to the discriminator 
beinqdifferent than the frequency to which it is tuned. ?he 
amplitude qnd polarity of the error voltase is determined by 
the amount md direction of the frequency drift, respectively. 

Consider now the applicotion of this error voltoqe to 
thegrid of the reactance tube. It is important to keep in 
mindthat we ore not spealuny af octuol copcitive reactance 
or capacitmce changes. Our concern here i s  an effective 

copacitonce produced by the leoding current in the R1-C1 
combination. If the voltage applied to thewid of V1 in- 
creases in a positive direction, the plate current of Vl'olso 
increases, and since this current i s  an effective copoci- 
tance shunt across the oscillator tank circuit, the frequency 
of the oscillotor i s  decreased. Conversely, when the grid 
signal shifts in o negative direction, V1 plate current de- 
creases, and since this current 1s on effective reduction 
in capacitance across (shuntinq) the oscillator tank circui:, 
the frequency of the oscillator i s  increased. 

To sumrmrize, o positiveerrorvoltoqe couses on in- 
crease of frequency, while a neqative siqnol causes a de- 
crease in frequency. Likewise, a large amplitude error vol!- 
age causes a qreoter frequency change than a smaller am- 
plitude error signal. 

If resistor Rl and capacitor Ci ,were reversed, and their 
valueswere changedso that the resistanceof R1 becomes 
large in comparison to thereactonce of C1, circuit operation 
will be reversed. ?he result of the chanqe is that an induc- 
tive (logging) current is injected into the local oscillator 
tank circuit instead of a capacitive (leading) current, a s  
in the previous exomple. A positiveerror voltoqe will now 
prcduce a decrease in l a o l  oscillator frequency, onda 
negative error voltage will produce on increase in locol ascil 
lator frequency. 

FAILURE ANALYSIS. 
No Output. An open or shorted Ll .  an open R2 or C4, 

the absence of the plate supply voltoqe, the absence of the 
input error voltage, or o deiective V1 may muse a no-autput 
cmdition to exist. Check Ll for on open, ond R2 for proper 
value with an ohmmeter. Check ca~ocltor C4 forvalue with 
an incircuit capcitonce checker. Check for the presence 
of theolate suoolv voltoae and the presenceof the inout error ~ ~~~ .. . 
voltage with a voltmeter. If plate voltoqe is not present, 
either choke L1 is open or the power supply is defective. 
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If on enor voltaqeisnot piesert the trouble is in the dis- 
criminator or i-i stages. If the output is still not restored 
with normal plate and input ~oltages,  the tube is probably 
at fault. 

lrnpoprlr Controlled Output. A lefect in nearly any 
cwnponent in the circuit can prduce o conditian in  which 
the a fc  circuit does not control the loml oscillator. 
Qleck L1 fa continuity, and capacitors Cl,  C2, and C4 
with an chmneter for opens or shorts, and resistors R 1  
and R2 for value. Check for the proper volue of plote s u p  
ply voltage, md the correct error voltage. If the condition 
still exists, check all copacitois with an incircuit capaci- 
tor checker for their proper volue. Also, do not neqlect 
the possibility that the discriminotor stay be detuned from 
the oroPer f m e n c v ,  cousina the frequency to shift in the . . 
wrong direction. 

DC AMPLIFIER AFC SYSTEM. 

APPLICATION. 
The dc amplifier a fc  systex isused in cw, rodor, or radio 

applimtionswhere o s l w l y  voryin dc error voltaqeis used 
directly to produce automatic frequency control action. 

CHARACTERISTICS. 
DC couplingisused between the discriminator and control 

stage. 
No ofc sweep is used (it is ,: non-huntinq system). 
The error voltaqe i s  qeneroted by a discriminator. 
Can be used on either CW or pulsed systens. 

CIRCUIT ANALYSIS. 
General. The dc afc omplifier system forms a simple 

trockinqsystem for a reflex klystron. It uses o discriminator 
to convert ony deviation fro- the I-f orn~lifier center fre- 
quenq into bins variationswhlch are applied to h e  qrid of 
o dc amplifier. Since !!I? plate of t i c  dc cmplifier is con- 
nected to the repeller of the klystron lccal oscillator, any 
variation of the grid bias varies the plote voltage of the dc 
amplifier ond thusthe repeller voltoqe of the klystron. This, 
in turn, vories the frequency of the Local ascillator in such 
a direction a s  to return the local oscillator to the proper fre- 
quency with resRct to the trarsnitter frequency. The sys- 
tem requires morr~ol oijustment of the klystron resonator and 
of therepeller voltage, to bring the difference4requency 
signol within the bandposs of the ofc discriminotor, before 
the system con pcduce any tracking action. Although this 
system will compensote auiomaticolly for slight frequency 
variations of the transmitter, or of the local oscillator, it 
will not correct the klystron frequer.cy if ever the difference 
signal falls outside thekndpass of the afc discriminator. 
Such o situation commonly occurs whenever the receiver 
is turned on after hovin been inoperative for a numher of 
hours, and necessitates a manual readjustment of the repeller 
voltage. Mae complicated ofc systens use a sinpie search 
sweep to obviate the necessity for initial odjustnent. 

Circuit Opr.ztion. A schematic dioqram of o typical dc 
amplifier oic circuit is shown in theaccompanyinq illustrotion. 
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DC Amplifier AFC Circuit 

A Weiss ?isc:in,~n-tor iz ~ s e ?  to ~llpply the dc i!c error 
voltage. Copcitors Cl and C2 cocple the ?iscriminator 
to the last I-f stag?. In?uztor L1 is sllq tuned to the i-f 
or crossover frer;uer.cy. Pesistors P i  r n i  R2 clip d i d e  
ret12r- !eziz!2:2 .?:h!c;, -!!?-:I.::!.~ ::7.:,::-:zr t!,~ ::r.e; 
circult, thus half the ~ c p t  -:a!t~:;e is i::.p:cssc.~oc:ass ezsh 
dioie. L; i: ;> :-f c! <,;,. ,,! f2r .,< :.:I! ci !:!? ;.: :?:.,::, 

to the la; res~stors. ':i an,? ' (2  ore tile ilscr~!l.inutm .r-lo+ts, 
with P3 an? PS octinn 3.; 1032 resistors. " o y l i i t ~ r ;  C? ,or.! 
C4 filter toe I-i r~pple fmm the nutp'lt acd fcrn:s!~ 3 c : z c ~  .:- - 
,,c,, p,Jrri.,: .I:!:.! ire.>:: !i:i .:cr.rir:zc:o:. : p,c 1::: :I -:; 
ampliiler V3 1s connccteri tc t i c  cothdc oi Vl an? tk:oli;k. 
diode \ m i  resistors ?,3 m i  R4 to a neqctlvc bics s2qi:ly. 
' h i s  forms the quiescent or r e s t i~g  bios ibcve ozd belcw 
which the discrininatar cutpct .;cries V3 ;ri?. Pasi;to~ R5 
k tb.e s!,~!? rez:s!s: Cz: :z z-,;!i;ier 3fi< fcyX,: 0 >Ztjfij> 
of 0 valta.,r : i i v l i i ~ ~  CO: ,~P~ ,F^  h n f ; ; ~ ~ ~  1"- nl^i,t1..0 nr l i  nm*- 

tive pawe: s:1pplins, corsistir2 of F15, P6, 37, ind ri8. HC- 
FIctnrc 9: "-1 a7 "" I DO I;..:. .L^ .^I__ .-, -.... ..., >.,, c d"..  ..:,;,:; PC . .................. . 
"_._*_^ __. D C  ........ :,. ... " ,.,,,.,, , , :  ,> . ,,,,:,A? ,A!, ! ,:,- i<> r'',:?, 1,::iy ~d;,:zI 
:he k!.;~t;~: re2::Lel !:!:: :e f , > ~  !!.r Jeihe,: :!,r,tk: i : ~ ~ : , ~ ~ - , ~ .  
?j3117jj;, 2 ,  , ,  l : , 2,. i-i i s  

. . .  .? 

ot t:.i ;ci,rcr ir iLp. i : l ; r ,  :-ii -.L ; P  pcyc!es, LI ot te~s  '2 :?):.Y- 

im1,m ,mrr:lnr- i .."!!l.lci ere :.;.c!il?:o 1-r 
, " ' " 4  T, . - . 3 .  . . . .  L '  . . . - . . . . . . .  .L.. .A ....... 
,Lr",."; a3"*- c ,  .- :.. A :  -- ,., ur,., , > , , .  , , :  #,. . LL ,u  a>.?  a,r?"t,o~.< or,! !?,.,-!n!>-r:,:.~ 
~ n ~ u ; . p ~ s ~ , ~ , , ~ ; t ~ ; t - s .  !;cnct !!>err 1s cg c!:ar:c 1% b105 
on TJ? "nA ,ha L.,..~,.*,,, .:,,,--,-. ,,c,,,.-" :- *-. -X'?".-d -. . . . .  ....,. .- ", 

. , - there 1s no ;i:! :t 1:. :re :,;*:.. . .  . c >  !pIi?,? ?qz::tac: ?i .::.? 
m ,., ,,,"",,"I ;, .."I.." ""., ".. A .. --..-A I . I ~ ~  -- ". ... ..... ",& .,L...,.. L< ," -u,>L:", L1.C 

wok separu[i"r4 ui [::e t,~r:ej ir.?~t c i r c ~ ~ ~ t ,  >;her. tk.e t:,xs- 
.n,tter frnq-e r,z-{ !?,<:.=?:+: tl~:, !.( !?: . :P: , ;e~.  ,.-: . . . . . .  - -- >>!? 

pos!!p;c 22::": .:;!!::- :.: z:,:!:;?!:; . . ',':: ?;~,: ,7 :;,,"+: , ,  ,::,~,: 

to V2. Consequently, V1 conducts more heavily than V2 
d nd larqe positive output voltoqe is developed at the 
cathode. ?his positive ~ncreose in bios causes the ?late 
current of dc amplifier V j  to increase, lowers the piote 
voltoqe, and consequently increases the neqative repeller 

A- - . .,.., a ie-u!l, tkre l i iul  o~ciliulur irrquency in- 
creases and returns the i-I diiierence frequency back to its 
~ r ig i r~o l  value. 

Conversely, when the transmitter frequency decreases, 
and a negative output voltoqe is appl~ed to V1 while o !nore 
witiveoutput is applied to 'Ji. Diode V2 aow cor,ducts 
rnue hecdlly tt.an 'Jl ar,d o lorge negative voltage is de- 
veloped across w;. The neGgtl,;i m:put 5c;c!;pec :crc;s 
R4 is inrrl-r : ' 1 , 7 ~  !ti :cst:.;e C:X: CC::;; 23. zc :k,c: ti,; 
grid of V3 is driven m o negoti,>e d j i ~ t i o n .  Tne increased 
positive output ' ~ c r o s  P5 ~ : O ~ - C C S  on eifect~vely less n e w  
tive iepciler .v,olt.lyr iriJ the kiystron 1s shi i t~n in ti.- COT- 

rect irequency direction to coripenscte. Tnese chanqes 
are slowly wrying d-c voltages for iw operotlan. For 
pulse operotlor,, des:r;n is s ~ c h  !k t  the filter capccitors 
are quickly ci:ar;si by t-~. !::: :ev:stx:e pott. ihrough the 
diodes, while the discharge is slow through the hiqh resis- 
tmce shunting load resistors. Thus an effective pulse 
stetching octior, i s  produced which provides weii fi i terd 
dc for pulse control. 

FAILURE ANALYSIS. 
No Output. Lack of klystron voltoge or improper repeller 

.,"Itc"" -"" - -- ................. r2ucutpit  coi3itior~ Cirrck ""ti) rise 
posltlveond negotive supply voltages wlth o high resistance 
voltmeter to determine that c Fuse or the supply is not at 
fault. Do nor neqlect the fact that potentiometer R7 nay oe 
misadjusted an? cause the klystron to operote on c frequent- 
n:lt of range of the discrimlr.ator. Lack of reflector valtoge 
on the klystron may be caused b-u 0 defective R7 or R6. 
~ W C K  i n ?  resistors for pro"! volge with a- ohm~z:~:. R c ~  
sistors R5 and R6 will offect the klystron voltage also, 
and may be checkedwith an otammeter. If resistors 85, RE, 
R i ,  and R8 appear sot~sfactory and the power supplies are 
normal, t h e  V3 rnay be drawing abnormal current and pre- 
vmting circuit action. Normally, failure of the discriminator 
or i n p t  ciridil wi;l show as an ~ n a b l l i t ~  ro provide p o p  
loco1 oscillator action rather than no output atoll. If re 
sistor R3 or R4 opened, or if the gnd of V3 were shorted. . ,. :ask of ,;'id bias 3- Cqe dc 3m;;;;:c: ri3t: ;;j;e *,e Ixa] 
osdllotor to OFWE 3c!si-ie !he :=qe cf the lisciiiiiinstui. 
B,eck the .;z!!qe !r,>x 'J3 ;::: :: ;:od?,.! 222 i-,e G; 

R3 and R4 with on ohmmeter. 
. . . .  

lrnpropci AFC Action. I;&ll, ;:.+;u&, "f.. iLliua, rdl; 

k a t ,mli~nctlor: i n  tnc xscr~mnotor. ~: iozi  \ii 
. . .  .m? fis :s:m;,3te: =ir:-it :2:,!7d!.; i ~ i  .;hi;[:, lr, ,7 :,l.j:,Ti 

f r - ~ ~ , ? n . c ;  ?i:E!!3?., <:.zt :r .::!?: :b,- ?,,!Ti! z! ,;! :L 

live. ;<hen ioiver I-i snilts occur tney are controile3 by V 2  
and its assmla1e.i c l rc i t .  if eitner C1 or C2 were s't,orte3 
a continuous positive plate v o l t n ~  -would be nppllei Vi or 
V2 andcause the rezller i r ~ r ; ~ : c ~ y  to increasc ~rm!!:. 
!i t!,e ca;ocito;; ;,e:r own, 3:; smooi N O ~ L ! ~  n-!!:, cr;::;r ;n 
-.. > . - ~  ~ ,&";.-. .- ---- , ,  Nu-,-  cl.,,l, ,icp:!di!!.; -per :-hi~: ;-a -..-..-. +,,, 
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Use an incircuit copacltonce checker to check for the pro- 
percapacitance value. Use on ohmmeter to check L1 an? 
U for continuity, and olso Ri ,  R2, R3 and R4 for p o z r  
value. Check C3 and C4 for Froper value -with a copocitoi 
checker. 

SERVOMECHANISM CIRCUITS. 
In radar systems, as   ell as in industrial and other 

widespmd applications, it is often necessary to control 
the angular position of one shaft by the pasitioning of another' 
shaft. When the two shofts ore close tqether this control 
may he accomplished directly, by gears, or by some other 
mechaniml meons. However, when the controlled shaft is 
lomtedsome distance from the ccntrollinq shaft it i s  usually 
impmctical to interconnect the two shafts mechanically and, 
a s  a consequence, some other method must be employed to 
mwe the controlled shaft in correspondence with the con- 
trolling shoft. Two systems used to transmit mechanical 
shoft anglesto o remotelocation by meons of electrical volt- 
ages ore the synchro system, and the servomechanism. n , e  
synchro system occomplishes mechonical shaft transmission 
without power amplificotion. Tnot is,  mechanical power 
output i s  q a l  to mechonical power input, nqlectinc 
losses. In applications where the torque of the contrallinq 
shaft must be amplified before it i s  opplled to the contr3lled 
shoft, the system used is known a s  o servomechanism. 
The synchro system employs two or more self qnchror,iz- 
ing units, similar in appearance to small electric motois. 
Svnchros ore used extensivelv in remote indicator systems, 
where information i s  to be transmitted between two points. 
Such information includes antenna position doto in ozimuth. 
or in elevotion, meter readings, and many types of compute, 
data. Since the controlled shoft i s  usuolly fastened to a 
dial or pointer, the synchro system adequately supplies 
the small amount of torque required to move the shaft. In 
addition to remote indicator applications synchro devices 
ore widely used a s  basic elements of servomechanisms. 
Synchro systems are discussed in detail in the followin3 
p~rogroph of this Handbook. 

The servomechanism is essentially a high win power . ~ 

amplifier operating on the closed loop, or error-sensitive 
a i n c i ~ l e .  'hot is, theaction of the power amplifier is . . 
governed by an error, which exists when there is an onqulor 
displacement ktween the controlling (or input) shaft, and 
the ccn~ol led (or output) shoft. Servornechonisrns may be 
classified according to motive chorocteristics. Three types 
of motor drives are used extensively in positioning systems: 
the d c  motor, the o c  motor, and the hydraulic motor. 

The d c  servo motor is o high torque device widely 
used in servomechanisms where smmth control of h a w  
lmds i s  desired. Tne d s  servo motor is a specialized form 
of d c  motor in that it is designed to provide nearly linear 
changes in speed with proportional changes in  ormature 
current. Thisfeature permits the d c  servo Rotor to chonae 
directim and speed of rotation smwthly, and with 
minimum m e d m i m l  stress on the controlled mechanism. 
A servomechanism utilizing a d c -  servo motor 
drive frequently uses o synchro system to poduce on error 
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voltoge, which is indicative of the anlular error between the 
input and output shuft. This error voltoqe is applied to a 
phase sensitive d c  servoumplifier, also called a d s  servo 
maacontroller, which conpres  this error vohoge to on 
a c  reference voltoge, and prcduces an output which drives 
the d c  servo motor. The polarity of the servoumplifier 
output i s  dependent upon the direction, either clockwise or 
coun te rc l~kwise ,  of the angular displacement between 
the input and output shaft, ond hence, theservo drive motor 
rotates the controlled device in the desired direction. As 
theoutput shaft is rotated by the servo motor toword o posi- 
tion of alignment with the input shoft, the errorvoltoqe pro- 
duced by the synchro control transformer (the synchro out- 
plt device, which is mechanically coupled to the output 
shaft) decreases, since the amplitude of the error voltage 
i s  poportional to the omount oi error between the input 
and output shafts. 

The output of the d-c- servo motor-controller decreases 
and, therefue, the servo mota rotates slower. When the 
output shoft reaches a position of olignment with the input 
shaft, an erru voltage i s  no longer pcduced, and the servo 
motor comes to rest. In systems where heavier lmds must 
he pmitioned, thyratron servo motorsontrollers me some- 
times used because of their higher efficiency and power 
handling copbilities, which are necessary to drive the 
lorger servo motors used with the heavier lmds. In op- 
plicotirms where very large lmds ore positioned, the servo 
motorcontroller dws  not directly drive the servo motor. 
Insteod, it excites on electiomechanical pwer amplifier. 
such a s  a d c  generator, several cascaded d c  generators, 
a Word-Lecmard system, or on Amplidyne, which i s  used to 
drive the d c  servo motor. The Ward-Leonard system mny 
he used, either with or without the electronic servomotor- 
controller. Electromechanical power ornplifiers prwide 
substantial gain, ond in the Amplidpe system, which pro- 
vides the highest gain of them all, a power gain of 10.OW 
may be realized. An important refinement that is frequently 
f w d  in servomechanisms is on anti-hunt circuit. Anti- 
hunt pwisions ore necessary bemuse of the tendency of 
the lmd to cms t  p s t  its ordered position due to inertia. 
When the lmd comes to rest, there is on ongulor disploce- 
men1 between the input and output shoft in the direction 
opposite to the original error, andon error voltage is pro- 
duced which causes the output shaft to be rotated back 
towordthe adered position. Agoin, due to inertia, the load 
cms t s  w s t  its ordered position andogoin an error voltoge 
i s  produced, which agoin couses the servo motor to rotate 
the load toward its ordered position. The lood i s  now 
mcillatingobout the ordered position. Friction losses in 
theservomechanism woulddampen out this cscillation, or 
hunting, os this condition is commonly referred to, if it were 
not fa onotherfoctor. Tnis factor is tile existenceof o time 
delay in the positioningsystem which tends to cause the 
applied torque to be pioportional to a past error, rother tho" 
apesenterror. l 3 e  torque opplied to the lmd by the servo 
motor lags the error voltage by some angle, and is thereby 
appliedin the wrongdirection for a short period of time after 
the lmd c a s t s  p s t  the zero-error, or ordered position. 
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Thus, the time delay in the controller creates o reqmerotive 
action, reinforcing theoscillotionseoch time the ordered 

SYNCHRO CONTROL SYSTEMS. 

psition is possii in much the some wny that regenerative 
feedhock in an oscillntor sustoinsorcillnticnc. be r shw!  

APPLICATION. 
Synchro control systemsore used in iador sets, cam- 

and huntinq nlay be elhinoted by incrwsing the friction of pulers, and in ony other system where it is necessary to 
the mechanical drive, by decrmsinq tire qain of the w w ~ r  indicate the anguior pos~t~on o! c shnit, or t s  transrk 
amp!i!ier, or by compe3s~t in~ c!~.~tr~nica!!y f ~ i  the t i m  mechanical shaft angles to some remote location. 
delav of theservo motorcontra!ler. Re first twn methods 
mentioned ore usually unsatisfactory, since incrwsint; the 
friction of  the drive troln decre~ses  system efficiency, and 
decreasing pwer amplifier gain leads to sluqgish r e s p s e .  
Antihunt circuits, therciorc, supFes; oscillations by com- 
Fensating for the effects of the time delay of tireservo n:otor- 
cs2zC!!c:. !,:< kz,: 2c.".:zss :G? ser<~~eck,zr, is<,,> crc 1,,s,,y 

and varied. In small servos o simple inertia domper may 
suitice, whereus in lorqer opplicotiansvorious elxtroric 
ontihunt circuits are used. Ir genera!, on onti-hurt clrcl~it 
pc;,ide; ;ejefi;rativt itt,kaiL &er~ ibc i r r m ~ i  ~ulimd;; ~b 
increasing, and deqenerotivn feedbck when the eiror vob- 
age i s  decreasing. 

Servomechanisms using 0% servo motors are use5 where 
a rapid, accwote, and low cost servomechanism is required. 
T h e a c  mota is, however, essentially a constant speed 
device and this characteristic makes it less desirable than 
ine varlobie speed 6s mota in s o w  spp!icotions. !, fw 
advantages of the oc servo motor servomechanism are, no 
commutator a brush maintenance, and the a% servo motor- 
cmtrollers, used with oc servomechanisms are not subject 
to drift (development of on output signal with no siqno! in- 
?;!) ,.,.b,icb :: ~~:;,?::r.,-~ ?;,z,2Ar>tere,: .r. :.c.s* ;,p4 

ccntrollers. An a-c servo motor servamechanism may be - . 
quite sizi!dr to tijc iz sys:r::r. :ne on!? ,variot:cns ..vm:C 

be the type of servo motorcontroiler, and theservo motor 
itself. This system, like the ? c  servo notor systec and ol! 
aher  servomzchanislis oErates on theerror-sensitive 
pincipie. 

The servomechanism is one type of servo system. h 
servo system may or may not involve mpcb.anlcn! motlon. 
A ~ ~ ~ , , , ~ , . ~  -n+l-  i r - n l , - m - ,  ,,-," -,,-, c-,,~.", --,.-I " -2  rr,v uuii.., -...?--.;- u.rL lul:r rulruu, ---.--- 
circuits are exmiplu; of non meclhunic-a! se:vc syctcns. Ir 
a!: c-ses, k.o*t.ver, lilt ut.:lwt tiw s y s i e ~  ~i ip4 bock !or 
comparison w!th the !TI?!, and !he error, cr .li!f?r~ce ,;-!!- 
age i s  used for cor!ro! uf the system. B; se!::ct 3cflr,::m~, 
asem- -L- :.- :. - " , , . e ~ , , ~ r , , ~ , , ,  u . ~ r v . i  ;)-ti:.. :.i;i:i. ~r:ciu:ic; ::.xi- 
, , , , , ,  , . , .  . - --...- .. . ... . ,... "..",, 
system, a:.; ;r';uo, ;:r ai:en .;:i.i li:crchon~eak.li.  

TLC L..A.-, 1;- . >..-:.- .- . ,, , ," ,"". .  . , . , ,- i i l l "  r l# l * r? !  I -  

plifying device opeiutlnq an tne hydromechnnica! p m i ~ p i r .  
. . n . i s  r,z; + :.:.c:! !C ;-,::::,;r .. " . . , I - . .  , , , - ' , .-,- , . , - ' 

hnc r,,nn,;,..r*^-~ ^'.,,.,;.l - -  .i! .: I - - " . . .  , . )  , , - i ...>.._-.I___. . , , ~  
, . 

droulic s~rvo:r.rr.iori::nl svctov Y ,212 LVV?-:: !?D C ? ; -  ? i  

rhis ncndomr, !IOWPVFI, the" '!eserve cention ; i ~ ' - -  t ie)  
, , . . " 1 "  I".. 1 .  .... ..-," .." ..L.. -, .*." ...,., d!! ,:,.:;,i;~: ,car"- . . 

CHARACTERISTICS. 
Electrically trcnsmits mechanic01 s5oft datc, (an-u- 

hr position) Lror; one point to another. 
Does not provide power amplification, i.e.. mechonical 

power odtpt  is equal to ::.e:ilnl:lcal Dower Inout. 

CIRCUIT ANALYSIS. 
Gencrol. Syrlchros ore <",own by a n i e  variety of trode 

names such os Selsw, kutosyn. 'elesyn: ' ~ P I P ~ o ~ ~ P  cnl 
olhers which are not too frequently encountered. The we- 
ferred nome however, i s  synchro, which applies to all the 
various types. Syrrchros ,>it. devices whic5 convert mechon- 
iml  shoft urrjular rototian to electrical slgnois and vice 
,verso. When irfoination is ir the form o! c shcft pas~tion 
so  that it i s  er:ressd ir. ter-s of tjie cnqle Setweer, the . . .  
nc!,m! 9.c:: pcz:?.~?. c7.C LC::.: z::: 2: ;eie:e:~:e p~sn iu t , ,  i t  
can be converted by a synchro to a set of three voltoges 
colled synchra ,2ota. In this form such informotion con easily 
be transmitted to another point where o second synchro i s  
used to set a second (repeater) shaft too  corresponding 
onjciai pasitlon. ir: sor;le Instances this s ~ o n d  sy rh ro ;  
directly or indirectly throujh gears, mechonicolly positions 
the repeater sbnft. In other i " s t , x ~ e c  :.i.ere ;a.::cr grpli!icz- 
t~on IS r q ~ i r e ? ,  the secs:! ;yr.;ira provides only o ,voltage 
outpbt, which drives a servo system. It is Important to 
note thc: there i s  no power join in a pure synchro system. 
?&,Slec!!-.c !:ictim ! c z ~ c :  :he ;n;c:,;fii;;! vder outwt n! 
tkre ~rpeulrl (UT receiver) synchra 15 equoi to the mechanical 
power in?ut :a :k.e transmittei. nlhere are five general types 
of synchro units, eoc" classified accad~ng to function. 
These inclade tronszlitteis, receivers, differential tmns- 
mitters, differenaol receivers, and control !ransiorn!ers 

Tr.e synchro uzcs-:itter. ,~#b~i;h is sometii:lrs colled il 
synchro generotor consists of n rotor whicl! conies o single 
winding, anri 0 stotar mc?e I I ~  n! !irna cep"rote -indin:r 
displcr~ri I?:%. R e  i,xor is c.~cite! ?v c:: c c  s m c e  and 
it is uslmiiy cnupiel ?!re?!!- or ti.:rqi- jc:rs 12 a co;tr.i!:ir2 
sr,oir. 3 e  rota 1s -s~cii:, Y O  :n!r.!:?e< thct it .a?cnt !IL'C 
e.xcep r.=er 1r.c ,:>:iuc:zc ,2t ::.c ,:3:.tr:!!in,3 sb~oft. '>I? 

voltages induced in the stator airlrlin?~ ns o rpstllt nf the 
oltern3tlnl tlpil rreat~.:  r,? 1'- rr!?? 1 1 1 1 , 4 i 1 7 ,  110 m~ecpn tn -  
tive of the an?ulx msi!inn of t i c  :do: 3: m y  Instom. 

3 ~ ., . . . 
.,,c Jr.,L..,u :e:c..;e;, s".:,et,;,,cs ,e1erreu to ,>s S y ~ c " ~ 0  

motors drr slrrl!lnr ~ i e c t r ~ ~ c l i y  IP I ? -  ir-rhyr t r"~c-l! tni  

The rotor of the s>~c5:0 ; r r ^ i j i r  is, i n  lintru31 to the 
synchro tronsnltter: i r e  tn f l r n  on? licuil!!y driv\,a c ! j ~ i - *  ,,.~ 
!xi, CLC!. CC, 2 >~i::~i, t i d l  ai sirfie ljtilri indicating 
device. Tile jr1i.e is iccocpllsnci j~rectiy, or t'lrou~h c - l i t  r I .  : -c ??:~icr ~-:t::: !?,~t t ? ~  313: ;;- 
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sumes i s  dependent upon the stctor v o l t o q c ~  received fror. 
the synchro transmitter. 

The differentiol s).nct.ro trons-itter (cbbr-victed 3:). 
resembles the reqularsynehro tronsnitter i r  that ti.e rotor i s  
mnhan ica l ly  driven, nnd thestotor  i s  similar. Po-ever, 
there ore three separzte  windin2s on the rotoi, and these 
windingsare electrically displcced 120 d e y e e s .  Differentiol 
transmitters ore used to corrpensote for errors existin7 in 
various ports of o sync i io  system. Wit5 the insertion of o 
differentiol syochra t ransr l t ter  in a synchro system, the 
angulor position of the recelver rotoi with respeet t o  the 
tronsmitter rotor moy be varied by turnin? the rotor of the 
differential transmitter. 

The differential s)mc'~ao receiver i s  similar in d e s i ~ n  to 
the  differential tronsmitter, b u  t h e  rotor i s  free t o  t7Jrr. 
It is used when it i s  d e s ~ r e c  t o  interpret the s l -  or difference 
of two angular positions. If the differential sync t ro  receiver 
i s  connected t o  two synchro tronsmitters, the differential 
synchro receiver assumes Q posltion corres~ondinq t o  thc 
angular sum or difference ( d e ~ n d i n g  on the connections) 
of thetransmitter rotor positions. 

The synchra control tronsmitter i s  sonewhat similar 
t o  the sync t to  receiver. The windings of the control 
transformer have a higher i m p d a n c e  than the windings of 
the other synchro units,  and t i e  rotor of the control trans- 
former i s  not free to turn. Voltaoes from a synchro transrnlt- 
ter produce o volto2e in the rotor of the control transformer, 
which i s  representative c f  the angulclr displacement of the 
transmitter r o t a .  The  control trocsformer i s  used .vhere i t  
i sdesired t o  obtain a v o l t , q e  output only, .vi.ich i s  indico- 
tive of anqulor position. 

Circuit Operotion. The  synchro t rcnsnnter  o p r a t e s  
a s  o variable transformer with i t s  rotoi a s  the Firnary and 
the stator windinqsas  secondaries. The voltoqes i n d g c d  
in w c h  stator windingare proportional t o  the cosine of the 
angle between the rotor 2nd the individual stator xindinq. 
The following dialram illustrates a typical synchro circuit 
consisting of a synchro tronsmitter andreceiver. 

Synchro Transmitter-Receiver Circuit 

When o x  voltage i s  applied to the rotor of ti,e synchro 
tronsmitter, voltages ore ~ n d u c r d  in the stator :rindinqs 
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(Sl, S2, and S3), or..! the r r o ~ n l t u i e  and p5ose of these 
voltages ore dependent ~ p o n  t!,e p s i t i o n  of the synchro 
rotor. The turns rotlo beween the synchra rotor ond stotor 
i s  generally 2.22, s o  that t'ne - , c x i r r ~  vol tole  that con b e  
induced acrass  on ~ndividual  stator .winAng i s  52 volts when 
standard 115V. 60 cycle, AC 1s opp!l?d to t h e  rotor. The 
rotor of the syrc!~ro ~ l lus t ra t ed  is ,  by convention, in the 
zero degree position. This  reference i s  used throughout 
synctuo systems. Desi';nations S1, S2, S3, 81, and Ri 
a r e a l =  standard d e s q o t i o n s  fcr 311 synci-ros. 'When the 
rotor of the synchro transmitter i s  in the 00 position flux 
linkage between the rotor and winding S2 i s  moxirnu-n, and 
52 volts i s  inducted ocross  S2. Stator win2ir .q~ Sl and 
S3, however, ore at 60" a n j l e s  to the rotor and only half 
a s  much voltage (26 volts) is iniuced ocross  S1 and across  
S3, s ince the cosine of 60U i s  0.5. At this  point, circuit 
operation con b e  more easi ly  understood by assuming that 
the receiver rotor i s  removeci. Since the stotot w i n d i n s  
of the transmitter ore connected directly to the stator rwind- 
ings of thereceiver, the voltoge applied to eoch individual 
receiver stator windlng corresponds t o  the voltoges induced 
in eoch stator winding of the tronsmitter. Current flows 
from S2 of thetransmitter throuqh S2 of the receiver, and 
divides equolly through S1 and S3, s i n c e  equal  voltaqesore 
applied to S3 ond S1. Current flow will,  of course,  be re- 
versed when the polarity of the input voltage reverses. Eoct 
stator winding in the receiver qenerotes a moqnetic field, 
but the impatant  point t o  consider i s  the resultant field. 
The following vector diagram illustrates the d ~ i e c t i a n  and 
magnitude of eoch r s e i v e r  stotoi field and the resultant 
field. 

,000. 

I R E S U L T A N T  FIELD 

Rerultont Receiver Field Vector Analysis 
(Transmitter Rotor At  00) 

As con be seen  from the vector dioqram, the resultant 
f ie ld  points in the same direction a s  the transmitter rotor. 
Should an iron bar rotor be placed in the receiver flcld it 
tends t o  lute itself up wlth the resilltant field. Hov~ever, 
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the iron bar rotor can 3lign itself in either of w o  positions 
1800 aport as shown in the follorring illustrotion. 

mN &aJ 
l i i i  
7 

X 

a 

LLl 
B 

Behavior of Electromagnet and Iron Bat 

In figure .A. the ?:or 5 ~ :  ratar is :elti ir l i p  pnsitioc il- 
lustrated. ?he paths of the magnetic ilnes of force ore 
lengthened and ,*her, tke la: is releosed it quickly rotates 
to position B in accordance with the stretched rubber band 
concept for the behivisr 3f magnetic lines of Lwce. Figure 
f: illosmtes the ?osi!io-. :L,c: :iii r ~ t o i  : 1 o ~ 2  USSL::IU ii ir 
is rotor& ri. a *,tion, mere the "'f" md of tne Sar is 
nearer to the electrora~net t'lor the X e;?, m d i s  reieosed. 
7" ,.,. - . ~ -  .: .-er.c ~. ...ua, sync . .- .-. ::lrn i;n l i l r .  ?-rr :a!? <!s;!~,r 
ambiguity, tnot is, it has wo stoble positions 18" owrt. 
To avoid the possibihty ot this 1800 error the rotors on syn- 
chro receivers are enerqizd by the same uc sn~sce nr he - 
tror:srr~ilte~ ioloi. inis r o i e i  !he recri.:cr :c!3: ;:. ;!ei;i;- 
magnet, and there 1s no-, only onestable conrlitior. L? 
addition to the c?.~antngc of hiving only one stable condi- 
tion, the energize2 roror provides rrwh qreater torq.>e, an3 
syncbio receivers with energized rotors ~ ? 3  not h ~ v e  constort 
smtor current ss an iron bcr receiuer would hov-. Ilir~str~te.: 
belowis o stondo;.! synii~roiransmltrer receiver system with 
the transmitter rutor positioned or 330°0nd the receiver 
rotor held at 00. 

. ~ 

\!~It(;~e< ,nr? i!:2>,:c2 L!, ;k z.,7,ckz :?GEsr,,t;~, >tdIt,, 
w d , , ; " .  - ,  . : : : . , ? .  . . .' .- .,. ' "1. .- '..' 41- 
, . " 2  . . - ' 1 '  "" "- , . ~~ . . -,A,.. ..,. -& z ,.,. o> ore 
each dispiacei 32' frc::, the ;ctor and t'ie vol!oqe induced 
ii $;,.",: c i ; -  ." --.-, " 8. -- ... ...b...-.-, ,, Z; ia ~ , u r  cr r:.jrl; 
2T.,:tb 1; ;i,t rxor ;r:c  !;u .;cim2e rs Irluse* m SL. n . e  
lrCn ... L i - k  ; > I , , ; ,  . ! . . I :  -. ?n .. , .- --.., . , , c . ,  ,,, L, , lF?;dc?> '!!,I!':-"- 

, . 3 . .  

ir thr synchc :ecei.:~: :t:t:: ::ir?:r;;-. ,::.i;!; ,212 c+i;, 
i i ~ x ~ c i u t ~ u i  ro rrre cElne oi tne onqle *tween t h e ~ ~ c e i v e r  
rotor and 1t.e ieceiver stutor ;iindlnqs. Eece~ver ststor wind- 
ing Si is poraiiei to the rotor and 52 volts is in'5~c?"il $2. 
Si  and S3 ore !is;l,xri 5CC irr:r '  !he :?tar 2-2 25 ;3h; ;; 
induced 3iross S; ;r2 23. - 1 r e  .;p.r:xc !rgx=:t!c: rszc:'"'c; 

. . " ..-,,...-.-... ~ . L - , ~  , , . .. -..-".~ .- ,8c,.. ,,lhLw~,~:!,-.c:, :XI IS, ':ckaqc zt:e:er,ces cxih~ 

Transmitter 3300, Receiver Held At 00 

between the stator wmdin?s of t ie trons-itter ond receiver, 
andstator current !!a::.s, settlnj ;; 3 stiitor Eield in the 
receiver in sdck, J j~icctior. a s  to exert a clcckwlse tmqi ,~  
On thereceiver rotor. Fese?:xr :̂ :t i e  transrnitt?~ is sc 
constrgcted !h3t :kc trais:iitii rotir :,:,.not rotate except 
" 2 ,  * , . . . . . .  -..-.. ~..- ..,,... ,.,= uL I..L Ldr.t.diii.; s',uir. 'YCnerl trle 

synchro recelver rotor, which is bdnq held ct 0°, is re- 
Leased it rotates in a clcck:v~se direction due  to the clcxk- 
r i s e  torque applied to it os 3 r e s ~ l t  of tne receiver stator 
field, generate3 by stotor curren!. As ti-e receiver rotor 
Oppimches iiCF tie ;i.-r?o n! :?k,c!c~rrri-:..-cez tLr 
transnitter and receiver din:rl:h~s, 313 h.ence, stator cur- 
rent iecrenses, sic.-? t?? .;z!:z;:; ~c!;cc! i:, t!,% itceivcr 
stator whdings by the iecelver rotor opprooch the voltaqes 
induced in the tronsrnltter stator \ii??inqs by the transmitter 
rotor. When the receiver rotor reaches the same &ring os 
the ~"."."<.*". .". ':- . L : -  - - -  --^^' . .  ~ -..-......b, I , r . ,  - , - -  .:I-: !i:e ~ v ~ h c ~ z s  :n:-ce: 

Liereceiver stator w~nd~rqs  are equll to the voltoqe 
nduced in the trunsmitter stotor wmdinqs. A balonced 
cond~tion now exists, and stator rJrrw! ndonqer !!ow:, 
hence, torque is no ionpr p.cducd, an? tb.creceiver rotor 
ceases to turn. It car be se%, thec, :h3t :hc transrnitiir 
supplies s t a t a  arrc;: to zstahlisil a fielri in th-rprpivpr, 
and prcduces torque only when the receiver is out of align- 
ment with ti.? t rms~ i t t e r .  TcI,;:c ~o5:zc! :: :hi rezeivii 
is prnpcrtiorc! ts the -:.a.;;; c! =liar ? , ~ t ~ ~ ~ ~ ~ (  t i e  ila~.s-jiie 
rota  an- t h ~  :ec~:lri i::;r. .'..I \e l ,  s . . ~ ~ l l  cr:or z n ~ l e s ,  
ike tmque prw.::ce<, :.: !!.c 2;7.:!.7: ;:-zc?;c: i s  ir:s,;:ii,-;+n: 
:o overcome the fri:i:or, 3i 1i.e 5iorin;; o r l  lmd. For this 
reason, friction is m o l ~  -: !v ?s p?cciS!c in tLr i \ r , - h i i  
receivei, on3 tne ~ o a i ?  !- - r - 7  1 -  -1,r:l-rc i-?!:r:: i; 
generally ! r s s  ::xr !n. A-r.+r: :--:o;t,xt sv::;:,-r ,, J ,Irn . . .~~ - 
irq,uent:i ii:i-G-.tt;ei 1; I I . ~  :~tterent!nl trarsniltter. Ihe 
diiierentloi svncnra trnncmirt-7 1; - ? 1  i- :irx.?stzncc: . . 
where a rc:re~:ioi zi.:: b,;. ,l:;..tr: : ) .P ;n-~.in. ,,(.,,.. I.lL .---rm- ."- 

tion being transmitted. or ahere t!e Csrn cr ?I!fciiiii ,d ilio 
""-1.. -,,;, L. .. --- . -. . ., ...--. n , , ~ , . ~ , . ~ i ~ t e , ~ .  An r.<d p i e  ci tnis 1s the 
conversion af the relotlvp ~ 3 r i r 1  01 7 tsri-t to trle Stmi-7. 
i t  " , . , . *i-. ->.. - 

. . , , . , , ' , : ,A! , - , : , .  > >  

vnrsnn!-!rc?s!c::c:c. !'k,:z z:z:c:,e~r ; :~ l i~ . .  :U ;& .-yrs- 
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chro differential transmitter os well as all synchro units. 
In the cose of the synchro differentia! transmitter, the 
s t a t a  is the primory of the voriable tronsformer, while the 
rotor windings serve as the secondary. 'Ihe following 
schematic diogam illustrates a differential transmitter 
i n s ~ t e d  between a synchro transmittiny and receiver. 

Differmtial Tmnrnittcr Connections 

In a differential synchro transmitter the voltoqe ratio 
is m e  to one. With the differential trarsrnittei at its el=- 
trical zero (OU) synchrodata is wssed from the tronsmitter 
to the synchro receiver without alteration. In the above 
illustration both the synchro tronsmitter and ciifferential 
transmitter are mechanically positioned to 00. Since the 
rmor of the synchro tronsmitter is at 00, 26 volts is induced 
in transmitter stator windings S1 and S3, and 52 volts is 
induced in stator winding S2. Tb.e stotor windincs of the 
synchra tronsmitter are directly connected to the stotor 
windings of the synchro diiferentlal transmitter, and the 
voltagesinduced across the tronsmitter s t a t a  windings are 
dwe lopd  across the differential fronsrnltter stator windinqs. 
The differentiol vonsmitter rotor windings are directly con- 
nected to the stotor windings of t ie  synchro receive; znd 
whatever witages are induced in the dlf!erentiol roto: 
windings ore applied to the stator windlngs of the receiver. 
When the differential transmltter rotor i s  pos~tioned at O0 all 
three rotor windings, which are positioned electrically 120° 
apart, form an angle of 0' with their respective stator windinq 
(R1 with S1, R2 with S2, etc) and maxlmurn voltage i s  induced 
in each rota  winding. Since the effective turns ratio is 1:1, 
52 volts is induced in R2, and26 volts is induced in RI and 
R3. Illherefore, 52 volts are applied to receiver stotor wind- 
ing S2,and 26volls are applied to statorwindings Sl and S3. 
The resultant receiver stotor field is in the some direction 
a s  the transmitter rotor, and the receiver rotor aligns itself 
with this field. As long os the DT i s  positioned at 00 the 
receiver ro ta  pasitionsitself at the same hearing as the 
transmitter rotor. if the differential tr3nsmittt.r is pffiitioned 
to some bearing other than Oo the receiver indicates the 
position equal to the transmitter bearing minus the DT 
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tearing, or in other words, the receiver indicates the dif- 
ferencebetween the transMtter an3 differentiol poskians. 

Effect of Changing DiHermtiol Transmitter Position 

In the above illustration the synchro transmitter is po- 
sitioned at Wand the dfffefentiol transmitter rotor has been 
rotated t o o  position of 12CO Maximum voltage is now 
induced in rotor winding Rl which i s  connected to stator 
windina S1 of the receiver. Twenty six volts is induced in 
rotor windings R2 ond R3, and is applied to thereceiver 
stator windings. The resultant receiver stotor field polnts 
toword 240°and the receiver rotor aligns itself toward 
240°. In all cases, where the differential tronsmitter is 
directly connected between the transmitter ond receiver, the 
rKeiver shaft position i s  equal to the posltion of the trans- 
mitter shah minus the position of the differentia!. If it i s  
desired to have the differentiol position added to the trans- 
mitter reading, it i s  necessary to reverse S1 - S3 and R1 - 
R3 of the differential. It has been stated thot the DT is ef- 
fectively o 1:l tronsformer. Actually there is o slight s t e p  
up rotio since extra turns ore added to the rotor to brinq the 
voltage ratio up to 1:1 to make up for transformations, 
copper, ond mre losses present in the differentiol trans- 
mitter. The fact thot this rotio difference between the stotor 
and rotor exists, gives rise to on electrical condition of 
unbalance, which occurs when o differential tronsformer i s  
inserted in a synchro system. In a conventional synchro 
system there i s  no stator current when the transmitter and 
receiver ore in a balmced state (in aliqnment). However. 
when o differentid transmltter is inserted in the system, 
the no stotor current cond~tion no lonqer prevails when the 
system i s  in Mance. The reason for this is thot the dif- 
ferential stotor windings can be designed to match the 
impedmce of the transmitter stator w~ndings, or the imped- 
ance of the differentiol rotor windings can be mode to match 
that of the receiver stator windinqs. Since the differential 
transmitter cannot be made a one to one tronsformer in bath 
directions, it i s  not passible to match bath input cold output 
impedances at the some time. As a consequer,ce, there i s  
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current flow in both transmitter and receiver stator circuits 
even when the system is balanced, and the effect of this 
current is to reduce the occurow of the system. Synchro 
capacitors may be used to reduce tiis stcto: current and 
hence, incrwsr system accuroq. Synchro capacitors will 
be discussed in a subsequent proproph. The differential 
~;.).nch;c rccci.~c: is c;i;,xted :elween t ~ o  J ~ ~ ~ C ~ L C U  irurtr 
mitters, and it is used to lndlcote the anqle between the two 
transmitter shaft positions. 

Wiring Di~pron of Synchro System 
Designed to ADD Transmitter Porition 

To Differential Position 

T NO. 1 180. DR 060- T N O 2  IZO. 

Spchro  Differential Receiver inserted Beheen Two 
Synchro Transmitters 

I, ti,c L ~ L U V ~  i i i i ls~i~lti~ii  iyncil:u I I O ~ ~ S I I ~ I ~ ~ T  n,u1:!32r i 
is mecharlicoliy positioned to a bearing of 180" and trans- 
mitter number 2 is positioned at 1200. T ~ P  -iiffermtial 

, .... 
rP,.Li, ,"r ii ~ll^,,,""ll,l r.."i:"..^.-^ -... ̂ i - -  .___ .._. .. _Ill...- "._, "i.l.i.". ." .,.L "..iL,i,,,iUi LIYl ,~ l , , ,L IEI ,  

but the ER !S!zr 2r:!,ke !!!2 :!i!~crc~:i~! !::?,zr,:::c:, i: free . I .  . . . . . . .~ : , ! .  . ~ ~ . -~.  
/* ,",.. -. .>I ...?._. " ,..-..iv " ,lii,l. 
a bclance? stste is ock,ieved\yhen the .voltages applied to 
.in."""; .,*.- ,-.-. 1 .  . i . . . .  ' 

. . -.-.-. ..... " .,.,, ,, ..., ,.u,,;r,..iic1 uir -u,;Lclrr 

by q u a i  an: opposing voitoges ~nzucea aciass tne iecelver 
smtm :;indin;r. 5;. 1b.c :r;ii.rrii ;<;:a:_ 7i srilchril system 
illustmte? 0 k . e  3 : : ~ : s  3 ic !3rp?  :tzt,- .;;her, :b.c ?if- 
ierenuoi receiver ossumes an anquiar psltlon equal to the 
difference Setween the angular positions of the two trons- 
mitters. it elthei, or both, of the synchro tionsmitteisare 
moved the synchra system k c n ~ e s  unbalanced, and stotcr 
cwrent flows, ireatin? t i l m : ~ ~  .which rmlst.i the i f f e~en t io !  
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receiver to rotote until once a:air o balanced condition is 
reached. The synchro contra! transfamer (CT) is used to 
produce on output voltnge which 1s indicatived the eiror 
between two shafts. Tnis output voitoge is called m error 
voltage kcocse  it exists mly when the two shofts are not 
in olignmenl. - 

!he !ollo,:rinq i:!r;straaon depicts a simple synchro 
transmitter CT circuit ond associated drive equipment. 

.,, ' 

DRIVE 
YOTOR 

CONTROL 

SERVO 
R2 R2  &YP 

s3 53 

ii REFERENCE 

INPUT 

Simple Antenna Control System 

The synchro tronsm~tter is mechanicolly positioned by 
o hand crank. The sy rn rn  !rwsmi!ter !s connected t c  thc 
s,p- L.,, -" ....- ..-- ' ---- ~ . 

LYl~UU!  LLUII~LYLIIICI iil the slmdard mmner. tho1 is. ~~~~~~. ~~~, 
S1 of the trmsmitter to S1 of the receiver, etc. Tne control 
transformer rotw is cconecteo to o servo amplifier ond the 
servo amplifier drives o drive motor, which is geored to the 
device k i n g  controlled; 1n this case, it is m mtenno. The 
a n t e ~ o  is mechanically connected Scck to the control 
uonsformeer to provlde feedback. When the CT io ta  is in 
alignment with the transmitter rotor there is no errm voltone 
produced, ond hence there is no ol:tp:>~ trnm thesenin CE- 

piiiler "IIL ~i,=c:,~ve ;s ,o~>r  ci<:es nnr op-m-. it ! s  !~par!cz: . - - - . . 
L- ~:ut= ;:la1 t..r CT :uwr is ;ur;sl<eiri- to be in  ailqrrce?t 

. ,  , 
b i I i i  Ilii U":d>itliiii i l l i U l  *!!el. t:le 1:. 10131 IS 1ISPIOCe2 

3Oo tram the tronsrritter rotor. i n  this positim no voltooe 
. . . . . . - 
I* lrL.,ULeA 11, ,r,e L ,  rut", s;:,ce 1r.c ,,;, rotor 1s ncsu pr- 
pendicular to the resultoct L": ststar iieij. When the syn- 
CtUG : r ' J ! l ~ ! ~ l ~ t t " r  7C>t!X !? :'J::E !7 Z2T.C 7.F:: ;os:t:on, t!,L 
ieiu:ti-.t co!::rc: v-r:si~:::.e; ;:ura iiei,i oiso rotates to 
some new psitian, or6 t i i s  fi4l 1s no Inqaer perpendia!~: 
to the CT roto: so tt,m a ,oitaae is r w  lnriuced gcrosa t h e  

CT rotor. 'hlhls . o r  w l t ~ ; ?  is i?3 tc !te LC:,- zz;!;!ie: 
where it IS cs:;.;cie.? ~ i t t ,  o idziencr uo!tuqe, wilicil is ai 
the SaFE pt,csc cs tit?tr,Gzs~i:ter r,>:cr e;~.c:t,,t,<,,: , ! < > I ~ C ~ P ,  
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ord  an output i s  produced fro:il the servo anpl i f ie i ,  .+,hich 
c a u s e s  the ontenno drive ro to r  t o  rotate rile a n t e r m .  A s  
the  ontenno rototes t w a r ?  the desired p s i t i o n  theerror 
voltoge produce% by the CT d im~nishes ,  s i n c e  the ST 1s 
mechanicoily coupled t o  the antenna. 'When the antenna 
reaches the desired positlon the rotor of the CT i s  now 
perpendicular t o  the resultant receiver stator !,el.? set up 5.) 
the  s p c h r o  transmitter on3 the CT outpllt error voltoge i s  
zero. There i s  no longer an iiutput from the servo amplifier 
and the drive motor ceases  to rotate :he antenno. Tk.e stator 
windings of a control transformer cans l s t s  of n a r y  turns of 
f ine  wire. and oresents a hiah impedance t o  current flow. . . . . 
thus reducing the l m d  presented to the tronsmitter, on3 

ollowina several control t:orsformers t o  be ?~t i l ized in con- 
junction with a single transmitter. Hiqh impedance windinzs 
a r e  a l s o  necessary sine* the rotor of the control transiormer 
usually o p r o t e s  into a high impedance i m d  such a s  o servo 
amplifier. 

When the rotors of synchro &vices turn in unison with 
their input and output shaf ts  such devices are known as one- 
speed synchro systems. When o sync'lro receiver i s  i n  aliqn- 
ment with the transmitter no t o r w e  15 deveioaed, and ,with 
ony movement oi the transmitter rotor, the receiver mJst 
f i rs t  overcome the restrainlnq forces of the l m i  jefoie it 
can  follow the transmitter. Ever with no l a 3  the receiver 
must first overcome the rcstroir,ini forces  due to t t e  friction 
oi  the receiver beorinqs before rotatlon occurs. This re- 
s ~ i l t s  in a n  ongulor displocer.ent between the i n p ~ t  and out- 
put sha f t s ,  cal led the no load error. Geared svnchro svstems 
a re  used when o high deqree of occurasy i s  reqlllret. ' h e  
following diagram illustrates the difference in error bet-ieen 
l s p e d  and 3 6 - s p e i  systems.  

0 - 
36 SPEED 

Cornpatison ol ERROR Between 1-Speed and 
36-Speed Symchro System 
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It can b e  seen  in t t ~ e o b a e  i l l~s t rc t lon  t:-.at t i c  35- 
speed s y n c h o  system i s  fcr mart occurate tk.cn t2.c one-s?ee? 
system. In both s y s t e m  ti:e error c a ~ s e l  by b~cr in ;  frictlon 
ond resis tonce of the lccd c x o c r t s  to 3n.e i ~ . ~ r e e .  In  both 
systems the controllin.; shc f t  i s  rotate? 100. I r  !be 1- 
s p e d  s y s t e n  tt,e t r~nsmi t t e r  i s  rotate? 1:" n r i  t k  lc  error 
limits the receiver rotztion to 90 3 n i  he rce  tb.e OL~?#J! s ? ~ ~ f t  
rotates only 9. In the %-speed system, however, the trons- 
mitter is rotated 3500 when the controllinq sha f t  is rotated 
lo0, and the 10  error li-its t i p  recci.,er t o  3590 of rototlon. 
Tnis 3590 of rotation couses  the o c t p t  st.sf! to rotote 
9.TP. in other words,system errorof the 3 6 - s p e d  system 
i s  only approximately . W c o m p r e d  t o  lo for the one-speed 
system. One disadvontaqe of .;eared syncnro s y s t e r s  is 
tho1 the s e l f  synchronous feature of the o c e - s p e d  sys te -  is 
lost. When p w e r  t o o  onespeed  s y s t e n  i s  interrupted. and 
the transmitter i s  turned the receiver of c o l r s e  dces not 
follow, but when power i s  restored it oliqns itself correctly 
with the tronsmitter. However, in a q e o ~ e d  system, such  a s  
the 3 6 - s p e d  system used extensively in tt,e Navy, 36-cosi- 
tions of the output shoft  exis t  for ..vh~ch tt.e recelver is in 
alignment with the transmitter. 

The selfsvnchronous feoture of the o n e - z e d  svs:crr! 
ond the high accuracy of the 36 sp-3' system can be com- 
bined by mokins use  of c m r s e  and f ine  iy rchros  connected 
to the same input and output shcft. Sucl? 3 sys te r  is 11 
lustrated below. 

COARSE T FINE 

36Jped  Synchro Syslem Using Coarse-Fine Synchror 
(Dual Speed System) 

In the coarse-fine ;ynct.ro sjstc:n, i;lcrre:t ~li,qnr..ont 
of the 3 6 % ~ ;  systc::, i s  ?c.:c.;tc:, !?::J:.;F .:;t:er, t1.r c!..cit 
error i s  larqc the onc-;;lee3 z;slr;l i:s ':o!:trol, a n 3  re ibces  
the error t o  a srnall v o i e .  A! tl,.~: :'alp! t j l  365-2 y ~ c h r o  
tokes over, and iurthei r e ? ~ c c i  t::c prrcr t c  c .:-r: s:-tall 
value. When a duo! - sze i  ?,:r;:lrs ;;:t<-. I L ~ ! ~ ~ Z P S  3 ~ o r t r o !  
tronsfarmer to drive a servo:.e:?loris:: : ;ri:;:;+aT;.r Systrc: 
or synchronizer n!u;t 4 .:;el. T:c i ~ r c t l o n  of t t . i s :yste~.  
is t o  de te r r~ lne  :~l.etilcr tii- cozr.;e or  re CT error voitn?e 
1s fed to the servo ompiifier. Wnen the input s h a f t  of o 
3 6 s p e e d  s y s t e z  i s  iuire: 2 . j " t t e  fine C7 rotor i s  displaced 
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900 from its zero voltage psition. ' h i s  psit ion provides 
mmimum induced voltage in the flne CT rotor, but, more 
important, this i s  the first maximum voltage p i n t  since the 
zero error position. For this reason, c r a s s a m  systems 
aredesigned so tho! tb.e !me CT :ban contrcl forerra onqles 
less than 2S0. For laqer error angles thesynchronizer or 
crossaver svstem cuts out the fine CT and the cwrse CT 
takes control. There are c variety of crossover circuits 
in use. One systen utilizes 3 plxecircuit reloy which 
normally allows the 36-speed C I  to control the servo sys- 
tem. However, when the error ar,;le increases teyond 2.50, 
increasing the cutput of the cmrse CT, the relay is enerqized 
ondthe cmrse ( I s p - 4 )  CT nsslrnes control of theservo- 
rnwhnnlsrn.  Some r ros+ver  ~ r ? r ? - n ~ r t s  .IS- ~I:TPI?  PIP"- 
rronicswltcning; rnese ~saoi iy  iepena apon olaslnq ond 
limiting cuc2its. 

It hasbeen paintc; out tt,at 1'b.c d~fferentlal synct.ra and 
!he cychrn pnn+rpl ,;n;-fn~-c; ?-,t'- A r - -  -: r;nn ! !!n- f h n  

transmitter, even ,when the syster reaches a pmit~on of 
ekctricol and mechanical bolance. Tne lifferentiol drows 
current because 31 :nes!n?-'Jii tx-s :z!:: Set,;,en stator 0r.d 
rota.  In the cuse of tl:e ;o:ltrol tronilorn~ei current is drown 
from the transmitter, k c o u s e  t ie :I rator is not enerqi~ed, 
andopposing ~ o l t q e s  ,are not ini:uied ir  the CT stator. 
In order to ~ e d d c e  i!,e LLUCI,! L.,. ,.*l,e;~ eitller ar hotit of 
these units ore used, synctro copcitors are connected into 
the circuit. Current flow in o synchro system iscomprised 
of resistive andinductivecurrmt. U the inductive reactance 
of a differential stator ivindinq is shunted by an equal 
caplr!tiv- reortonre * i , r  in ~ S V - ~ I V -  r ~ r . - n t  is t b ~ n  pfii.rtil,ely 
cancelled by thezcpcc~tiv? -!::rent. IF, this case all that the 
transmitter actucl!.; ? ~ r  i: !.I r ::p!;. ?n3%!er ?cmar?ed hy !5c 
resistive losses of t"l ci:;;it. S,;nc>ru zopzitors ore 
manufactured with tnree copocltors contained in a sinqle 
unit andore internally connectee as illustrated below. 

fie irdi(,?'l"l '"vY!-!t"~",":" . - " t - ^ l , .  f ?  ' !"lPr,7TI'~ p i  

less tho!! cx : z : ~ P T !  !TI ::);i?!~!r: ;'rc;rr CJT~DF,! L ~ ~ c I c ~ .  
symc:,ro c<*Ll<sr;Arc cur.:,c<:e: .::;.LL; :.>r.Lk,rd s j s  
tems 0s ilI:lrtrntn< ri.-:.. 

PO! A of t i l l  % 5 . :  1-5 iofi-ritiofisfor 1 
?ifferr.tin1 tr..sfn.mer I S  1 ~ ~ 0 1  wit" !!mqcrni!!cr nn. re- 

. . 
ceiver, *i,~Ie ;,:I! L - iu> ,4  :>>r LU!,,:C:I:UI,S i,>r ; ,L~,~J!~W~ 

uansiancr 3 rd  tr,c~-:!!ter. In Cart .: 9otl 3 c!l'!?rcn!loi 
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T OT CT 

Spchro Copocitor Connections 

tronsfamer and o control tronsfor-s_r arc :used and eac5 
requires a sep2rc:e caj~icitor .-nil. 

Synchrocnpcitors OTP >used onlv . . Y i ~ n  it i s i ~ s i r ~ d  to 
m c e l  or pitiolly cancel exisung current. The synchro 
ccpcito; i; zevcr uscd i- rix;!c t::~~xit!erie:ei~:er cir- 
c d t s  ilriause in suck: a syste-. ihe i t i i t i -e  cornpme~t o? 
stctur carer$ iscsiu;ci !s >t zero a:;? irserti'3r of a 
S)71 C$;.-L Ccmci:2: C.n]; j:,z:;iEe5 :L:re:i _Ir:: !kIL-:; 

system out of bolance. iIo*rrever, exciting current in this 
E,:C~S- 11y k redxe? b-: c??.~e?ti.? c cnpcitnr qcrc+ 

.in .m- . . , . - , -. . 

FAILURE ANALYSIS. 
H; ci:i;L F<:!,2i .! :.cei..e: rc!.. !r. re.!? .uhor 

the transmitter is :i.mted, or nc-icIt2nt m!tuut iron u curl- . ""> . ,,",,o.",,..L. ' . .  ",L . L" . ,..,.,. ~ . L ,  . ,,, " ,..? ", . .  -,,..,..,.- . C I - ~ ~  ." --.. 
beaimgs or o jammer! in~:j ccui" re:;truir: o receiver rotor, 
and lack of rxcitotion tc ti- trcn?ri!!z: ictoi ..\,auld disable 
" " r - - -  -1 ,'-- ':.-I --.,ii,i-- -*- '" , , , ?  ..",,, ,,,,,.,".,,?,,,. , . A , . , , ,  ,,, , ,,, , . , .  ....,, ,U.,.",. "".. ". 
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readily ascertained by attemptinq to rmnually rotate the 
recelver rota.  7xlstencr d t h e n ~ m r !  cmliticn (no tmns- 
muter excltotlcn) car he rwdily c k M  hy m s , ~ ~ n q  thc 
voltage across the tmsmitter rota. If no wltnge i s  mesent 
check fa a blwn input lire fuse, a an open input line. If 
voltage is present across the mmsmitter mor, but the sys- 
tem i s  inoperative, deenerqize the system ondcheck the 
continuity of the transmitter rotor. If any two stotor lines 
are open thesynchro system will be inoFerotive. Resistance 
checks con be used to determine continuity of  stator wind- 
ingsond s t o t ~  I N ~ s .  

l n p o p r  O p r o t i a .  Impoper operation is the result of 
incarect wiring or on  open or shated winding in any of  :he 
synchro units, or excessive friction in b e i n g s .  If any of 
thestota windings are reversed, the units will not overheat 
and they will develop normal tuque, but the receiver will 
turn in the direction opposite to that of  the transmitter ond 
a 1200 t a r ing  enor will exist. If the mtor windings ore 
reversed, operation will be normol except that o 180D k r -  
ing erra  will exist. An open receiver raor results in weak 
tmqw, receiver hum, and pxsible ambiguous behavior, 
since the receiver rotornow OFeratesos an iron bar rotor. 
The transmitter supplies excessive m m t  w h ~ l  the re- 
ceiver mtor is not enerqized, andmay bum out or blow line 
fuses. An open or shorted stotor windinq results in ermtic 
operation ond could possibly overheat syndrc units. 

In aeneral. if the svnchro units owrote smwthlv. do . . 
nor overheat, bnd produce normal torque, but do not rotate 
in the uoperduection and/or an erra  which is some mul- 

~ ~ 

tiple of 600 exists, the prcbablecouse is incorrect wiring. 
Since different units of a syncho system ore usually 
located some distance from each other, ondore connected 
by busses or cables which often pss through junctim h u e s ,  
wiring errors are frequently mode during repir ,  or during new 
installations, or modificatims to existing instollatims. 
Symptomssuch a s  overheating, b l m  fuses, hum, or erratic 
operation are indicative of o s h u t  or open windinq within 
the synchro units, or open or s h m d  interccnnctingcables. 
Resistance measurements are valuoble in lmoting s h a t s  
and opens in synchro units. While resistance values vow 
from m e  type of synchro to another it should ke assumed 
thatan ohmmeter will show thesomereuding across rotor or 
across s t a t a  windings of similar mits, within clme toler- 
ances. Be certain that all power i s  disconnected before re- 
sistance or continuity measurements me attempted. Typicol 
resistance values are low, mnqing from a h c t i a n  of on 
ohm in therotor of large synchos, to seveml hundred ohms 
in thestota windings of smaller mits. 

SERVO MOTORCONTROLLERCIRCUIT. 

APPLICATION. 
The d c  servo motacmtroller, olsacolkd o servo am- 

plifier, i s  used in conjunctim with a synctpo system to 
control a servo mota which operoteson indicata dial or 
rotores a lmd to a similar rmitim. 

0967-00Q0120 CONTROL CIRCUITS 

QIARACTERISTICS. 
Drives d c  Sew0 motor. 
k t w t  is propntimal to mqnitude of error input. 
ls Fhase sensitive, direction of servo motor rotation 

is determined by phase of u r w  input. 
Use i s  limited to low pwrer applications. 

CIRCUIT ANALYSIS. 
-1. Thedc  servo motorcmtroller receives an 

e n a  voltage input from a synchro cmhol  tronsfamer (CT) 
ond effectively compres this error voltaqe with an a c  ref- 
ermce voltom to provide on amplified d c  outrut which . . 
drives a d c  servo motor. The d c  servo m 0 t ~ c o n I d l f f  
circuit consists of o b a s e  sensitive detector-omplifier. 
with theoc  reference voltageused a s  plate voltoge, coupled 
t o o  d c  amplifier, whme output drivesodc servo mota. 
l%e mqnitude ofthe d c  i t p u t ,  which determines the s w d  
of the drive mota, is dependent upon theamplitude of the 
e r ra  voltoge. The plority of the d c  output, which dete-  
mines the direction of servomotor rotation, is dependent 
upm the phase relatimship between the error voltage input 
and the a c  reference voltoge. 

Circuit Operotion. The accomwnyinq schematic dia- 
gram illustmtes o typical d c  servo motacontrolkr circuit 
a d  assmioted synchro and drive equipment. 

Tmnsfomer T1 couples the error voltaqe in push pull 
(1803 out-of-phase), from the rotor of the synchro cmtrol 
hunsfamer to the grids of detector amplifier tubes V1, and 
V2. Resistors R2 and R3 serve a s  lmd resistas fa V1 
rmd V2, respectively. Resistors R1 and R4 pwide  degm- 
emtive feedback to the cathode of V1 and V2. 

Transfomr R oppliesthe a c  reference voltage in 
prollel (in-hose) to the plates of detectu-omplifier tubes 
V1 and V2. Copcitor C l  ond C2 filter the pulsating dc 
developed acrms R2 and R3. V3 and V4 serve a s  d c  om- 
plifiers with R5 and R6 a s  their mthode resistor, and R7 
and RB a s  their plate lmd. DC servo motor 61 is mechan- 
icolly geared to the lmd to be positioned ond is also me- 
chanimlly coupled back to the synchro control transformer. 

Tubes V1 and V2 c o n d ~ t  only on p i t i v e  olternatims 
of theoc  reference voltaae. When the svnchro control trans- 
famer is in alignment with the synchro command transmitter 
there is no enor sionol input, and V1 and V2 condwt 
equally during the positive portion of thereferencesignal. 
Thus equol voltoqes are developed across R2 and R3. At 
this point V1 a n i ~ 2  are functioning as rectifiers, ond ihe 
voltage across R2 ond R3 is pulsotinqdc, which is 1il:ered 
by m p c i t a s  C1 ondC2, and opplied to thegrids of V3 and 
V4. D C  amplifier tubes V3 ond V4 cooduct equally under 
this conditim, ond the voltage develo~ed across R7 i s  equal 
to the voltage a n m s  R8. Therefore, no difference in w e n -  
tial exists between the plates of V3 and V4 ond, hence, no 
current flows through the armature of Sen0 moror 61, and the 
motor will not rotate. When the synchro command hansmitter 
is moved to some new position, the synchro control trans- 
f a r  is no lmger in  alignment with the ccmmnd transmitter 
m t u  and an errorvoltage output is produced by the synchro 
cmtrol transformer and is applied to the servo motorcon- 
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!roller circuit. !t is inrpcrtart :G keep in mind thot, uiesc 
reference voltage opplied to t i p  plates of Vi and V2 i s  Iran 
thesame sourceos the synihro excitation voltage, and any 
emu voltoge induced into !he cun!:o! t-cn;!or~er rotor is 
cither in95,asi or i8CC outui-kose rvlrn t k  reference voit- 
age. Assum thot the cnguiar displacement between the 
synchro command transmitter a d  the synchro control t r m -  
former is in such a direction that the enor voltage indiiced 
oncss  the CT ruor isin-phase with !he reference vo!tcge. 
'When the reference ,io!toge qoes wsitive, 0 wit'. ~ieha l f  
cyck is applled to the grid of Vl ond o negativehalf cycle 
of error voltage is applied to the ?rid of V2 ( r e ~ e l k r  that 
T1 iseffectively o p>-h-p:ll tlcns!nnnr!. ?he ~mducio; l  
3s '<i ircreases and, thereime. Q l  ?ccrsse.' vs!tole 5rop 
~ i i r s a c i o s s  ur/j [i'.,. 

. ~ 

,la <o:,,ge 15 i t i t am 3y . :i nnd 3p- 
pfi& c;;G time giiu oi u u  ui-pllrier v3, za2s:nq t?e eondxtion 
of V3 to increase. At the same time, the neoatlve hnl! FCIP 
d rrrur vairoge appileo to tne qrin ot i l L  ~!Prrcases cordur- 
Urn oi V2, causing o dccreoini voltoq~ !ray across 1 3 ,  and 
imsequrr!rly r h e c s  vci tqe  ;>~;le: tc !i.v ;iiJ oi ';.i 3e- 
aeases ,  re?wi:;lj t1.c cciiiiction d V4. Since ire cmductlm 
d V3 increasd, while theconductim n!VI dccmwse?, i dif- 
ference in potential now exists between the plates of 'v'? 
ond V4 due to the incronc-.? .i?l!r:e ?ic: -C:CSS M, ;;.,itF,e 

decreased voltage drop across RE. Currentnow flows from 
Lhe phte of V3 the a m w e  of drive motor B i  to the 
plate of V4 and the motu raoteskivingthe lmd in the 
desired diiectim. 'I! cn? ;?2 cmdiict wsiy durinu ti:e posi- 
tive half cycle of the o c  reference inwt. Drive mum opera- 
tiol, however, is not erratic since filter capxitors C1 and 
C2 mintain fairly cwstnnt ~a l t cges  across thegrids of '"'3 
and V4, causing thesewomaacmtro lk r  ~ l t p ~ t  to  be 
foiily cmstant. %e drive motor is aiso rnmhanicaily con- 
nected through g a s  to the rynchr? co~::cl t:cr~!orxer T,? 
raates  the synchro CT r u m  toward the psitior, of oliqn- 
me7.t wit!! the sync t~o  cm~ii?iilimd transmitter. As the angular 
disphcsiient 'u lwmi the CT r m a  and the t:ansn:!tri :n:rr 

a s h e s  the error voltwe produced by the CT diminishes 
w d  the dc ~utput  3! :he ~er<oiilctoi-i~n~!c>!jeT ,~Y:~P,!CPE 

causing the drive mum to rotate slaver. When theCT 
reaches the some m t5,e cmnanJ ::~i,siiitt~~ , IT:.,- .... 
maor rdotim case: Srco.zc 2s z r a  iikije is i.rducr2 
by the CT, and cmsequrntly there is no i m g n  5. n:p.!:t 

f r m  heservo m o t a ~ ~ n t ~ o U e r .  If the svnchio command 
trmsmitter is mtote" !be mhc: ?L.:~:i;il, the iiju:iiliri 
error voltage produced by thesynctic control Uansformcr 

-. F:!! be !8Cu -2: cf phox xi;: tki itte~riicc vuiiuqe. LLI- 

cuit opaotim will ke toesame, but the polmities ore re- 
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versed. V1 is driven negotive coxsing a neqative voltarje 
lo be applied to the grid of V3, and the voltoge on the plate 
of V3 increases. V2 is driven pffiitive causing a positive 
voltage to be applied to the grid of V4, and thevoltogeat 
the plote of V4 decreases. C~rrent flows from the plate 
of V4 through the ormature of servo motor 01 to the plote 
of V3, causing theservo naor to rotate in ihedirection op- 
m i t e  to the direction thotit rototed previously. 

FAILURE ANALYSIS. 
No Output. Failure of the drive motor to rotate i s  con- 

sidered to be a nooutput condition. In o positioning system 
s l r h  as the dc servomotor system, no output could result 
from a defective synchro system, a defective servomotor- 
controller or o defective servomotor, or associated rnechon- 
icol drive equipment. R e  svnchro system can be checked . . 
by measuring the voltage across the CT rotor with an o c  
voltmeter a s  the command transmitter is rotated 360°, and 
the servo matorsontroller circuit disabled by removing V?. 
and V4. If the rotor voltoge (called theenor voltage) should 
vary smmthly from zero volts to about 55 volts the synchro 
system i s  operating nmmolly. To check for o jammedqear 
train, Imd, or servo motor, attemp, with the pawer discm- 
nected, to manually rotote tt,eservo motor shaft. If the wind- 
ings of the servomotor show the proper resistonce when 
checked with on ohmmeter and there i s  not excessive 
leakage between windlngs the motor is most likely qmd. 
However, if o spure motor isavnilable, substitytion is a sure 
way of determining themerit of the servo motor. If the servo 
motor, gear troin andsynchro system is g a d ,  inability to 
pcsition the lmd is most likely due t o o  defectiveservo 
motoreontroller. Fajluit- ofenor input transformer T1 and 
reference voltoue transformer R would render the servo 
motmcontroller inoperative. Using an ac  voltmeter, check 
for 115 VAC on the plotes of Vl and V2 to determine whether 
or not T2 i s  defective. TI can be checked by observing 
the pesence of an a c  error voltage on the grid of  V1 ond 
V2, while the synchro command transmitter i s  rotated. 
Check the voltage present at the junction of R7 and R8 to 
determine whether or not lock oi plote supply voltage is the 
c a s e  of no output. Failure of detectorumplifier tubes 
V1, V2, or failure of d-c amplifiers V3, rn V4, could cause 
nwutput. Foilure of an indlviduol circuit component i s  
not likely to cause a noa tpu t  condition, but instmd, an 
unbalanced condition would result between the output of 
d c  amplifiers V3 and V4, and improper operation would mast 
likely result. 

lmpropt  Operation. Improper operation is considered ony 
t y w  of operation other thon proper operation, such as ,  sluq- 
gish or slow rotation of the drive motor, erratic m jerky rota- 
tion, or o tendency to rotate better in one directim than the 
other. Improper operation colild result from a defective 
synchro system, excessive binding of the gwr troin or lmd, 
a defective servomotor, or defecti~ve servo motorc~ltroller 
circuit. Thesynchro systen, gear troin, and servo motor cm 
be checked a s  explained previously, ond if these associoted 
components are sa t is facto~,  impmper operation is likely 
due to a faulty servo motorcontroller circuit. Tne servo 
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mmor~cntrol\er circuit can be thought of os consisting of two 
branches. V1, V3, and nssccioted circuit components com- 
p i s e  the upper branch, ond V2 on? V4 to?et.ther with their 
associated components, comprise the lower branch. Any 
component defect that olters the performance of m e  branch 
a s  compred to the aher  could result ir i.xproper operation, 
possibly manifesting itself as  n tendency of theA itwe motor 
to rotote better in onedirectlon thon the other, or possibly 
continuous orerratic rotaticn in ore direction. A passiblr 
cmse of impoper operation is defective tubes. It would also 
be advisable to checkthe d-c power supplyvoltaqe, since low 
supply voltoqe could possibly cause sluqqis!~ apcratlon. A 
change in value, short, or open of PI 0: R2 would, of course, 
affect the operotion of detector amplifier Vl and, likewise. 
a defect in R3 or R4 would adversely affect V2. if Cl or 
C2 shorted, V3 or V4, respectively, wodl  be lnoncrative 
a s  mplifiers and improper operatJon ;nuld result. A change 
in value or defect i n  eith.ei R5, R6, R7, RE, would destrov 
the balance between d-c ompl~fiers 'J3 and V4, and improper 
operotion could result. With the equipment deenerqized all 
resistors con be cb,ecked for proper value 'with on ahm- 
meter, capacitors C l  and C2 czn be checked with an in- 
circuit capacitor checker. 

RESOLVER-DRIVER CIRCUIT. 

APPLICATION. 
The resalverdriver circuit is csed to driveon os ~esolver, 

which is used a s  o cornputin2 element in problems involving 
coordinate cmversion, cwrdinate rototion, and resolution 
of vectors. Resolverdrivers ore also use6 to drive sweep 
resolvers in rodor indicators. 

CHARACTERISTICS. 
Utilizes a pentode and c triode to drive a resolver. 
Oprotes on the principle ai a feedback amplifier. 
Provides power ornplificotior ,with minimi~m distortion, 

voltage gain is unity. 

CIRCUIT ANALYSIS. 
G ~ ~ ~ ~ I .  The resolverdriver circuit omplifiesan a c  

synchro voltages too  paiver level sufficient to drive on a c  
resolver with a minimum of distortion. Tne resolverdriver 
is basically a feedback amplifier consistinq of a pentde 
voltage amplifier, coupled too  triode amplifier which drives 
the resolver primary winding. R C  coc2linqis used between 
the first ond second amplifier stage, and distortion is mini- 
mized by theuse of degenerative fepdback which is obtained 
from a feedback winding within the resolver and is coupled 
back to the grid of the i ~ r s t  ampl~fier. 

Circuit Oprotion. The followinq xhenatic dioqram 
illustrates a resolver-driver circuit. 

Resistor Rl is the input ?rid resistor for pentode am- 
olifier Vl. Resistor R? 1s the plole locd cnd R3, which 1s 
bywssed by C l ,  provides catb.&c bias for Vl. Resistor R4 
is thesneen droppino resistor far V1, an?C2 is the screen .~ . 
bypss  copxitor. R C  coupling consistin; of copxitar 
C3 and resistor R7 is exployed kvneen C'i and Vi. A 

21-A-26 
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Rerolvar Driver Circuit 

ioltage divider consistino of R5 on?. 9F, is us& to i r cp  the 
:!ole ss:;!, .~i!:.;j~ i , .  !i:e ; : c p :  v:i;;e oi piute ,;aito.]p ior 

:'I. Copacltor i4 bywsscs a c  volta3.e .variations to wound 
and prevents uwonted degeoewtiar,. Resistor R9 iwi~ch is 
bypossed by CS :ervpr a s  ths cn!ideSizs iesistui i o ~  triode 
omplifler V2. Tr.e platc !ood far V2 is !he primp, h'in?inq 
of the rescl,ie~. Ti:i ; r i m ~ r y  c;iding oi irje resoiver is 
sh,jnte? by a series r i .  nPtllorV, r??si~:!:; :! DQ 2-2 26, 
which is intended rcl compnsntr !or the inhctive imped- 
ance of the resc!,:c: !::r i:::; x i  ;:irrz?ry mclntair the parrer - fortor 1:::p . I r. :c~...lii;.i. j ? ~ < ~ : '  :C, ?~"I,-,ce< ~ . .  o;:.-Cz 

ine ieec~c":;::.:i:; i f i l ! .  ti.!! I P ~ C L V ~ ~  .,n_. ?::!i"' . . fC !LE 
grid 31 i i  rlr- ;& rcsis:c: P!:. 

$hen on 2.c input is applied to the input of the resolver- 
driver it is : I . . ~ ~ ! ~ T ~ P ~  h.! CC"~.:~?,::T,Z! .>< - - . : j f l e l  ::3;: 

v,, an: is ,c r l l - i t i , r~ l . .  ZX:!~.! :: !':,s ;;i; .,I : i iYtr  iwge 
V2. The a-; s:rzi-;o valtc;? cnl:li,-? !c !i,- zi :12 ;; 
x;i;!;r.?;oi i.:;iid>ei ocross the plmary of the r?s?h!cr, 
m61s m s u c r ~ , ~  iy rn;?l- l  !. t i c  ::;;!;.-; f i i L ~ i  ,.vlndlnq 
and the :?sc!uer secrnlJory win-:in;;. P C  ne:..;<~, 36E6, 
cancels th~ ~!!ilc!s a! ! h ~ .  iz22i:iYe ieiiuiunie ai t ie resoiver 
win?:nj; z r ~ ?  c . i b s  the autpur lwr? np>elr re:icti.de, t h s  
bringmq the ?<wer fnctx  o! t i e  i:!;;' !xi !c ;:?:... Se- 
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genProtlve !cP~SCCI c ' = ~ ~ ; o ~ e l  5; :ile i . e j . ~ i ~ ~ r  fee<mrk .... --1.-- - -  
. . ; . A , ~ A I , ~  ;a uirenuatei by resistor RlOand is applied to the 
3ri.i of Vl. ?It value of 310 is such that ti:e o.?c!it~;?e 
01 the de~enerative feedbock is:rec! c r o ; ~ h  :a reduce the 
closed lac? voltnqe gain of the iesolverdrivei to ~n i ty .  
The aeqenerctive fer?S.>ck i-pmes tile fiieiity cnd stzbility 
of the reso!,ier-?:ivei. St&iiitv 1- ,-r:~:cl zi;.:; ; :*- 
crease 13 cr.ission of t ie t>hes, .),hich. '.pa!? il3rfiolly re^:uce 
the autw! (it fe~dhack .-ere yo :  ;resrl::j, instmi tends to 
deneose thp m.a:ni!~?; z! ;hi il,.~~=! jil+<,:!: --.: . Y C - : . I  . . 
i: niirruser; clcse-. ! 3 ~ 7  j i r r ,  ;ii:ii. t'iri. ?C I-F? 217ero:c- 
:k"s:*iu<:: ;:,k.!cT iecc - .+-'L k,;- ,,,,i,k ,k" , --. -. ",,\ . - ' -., 
present at the qrlc a: Vi. 

FAILURE ANALYSIS. 
No Output. A ?o+,>!r 1: ;;n!ifior in !:p.=r-r-!.:ei<::;c: 

, , , .  1 .  I , ,  : ' . 1.. .,..- ..<-.. i,u2., ~mjiure or t ie  3wer s,~"nl- 71 !:i!~:~ 
of rne LL me ~,,LLs.  i o r k  tro -.-..:$: ,u;wge wltn a 
voluneter,ond olsc check the tuhes. Ii apemtlon is not r e  
tubes .iihich are known !c he ;co?. !! ;wl~irian is rot re- 
stored n lefecti:.~ zi:c~i: isirponent is most likeiv the 
cmse 01 : iG Dutput. Vo!ti>e ~ A e c i s  zi %be e!c:est; r a y  
, . 
be he!pf~i in IX,,:~,,?: !ke !:zit t,-, ,7 SQ 22e. +:??: 7- ,  ,,:;!!s :--. - . u I U ~ C  i n  8m-e !cbz :!czs:,! ~ . i : , . , . : q .  s,.rh 5: :>? 7ri,< 



ELECTRONIC CIRCUITS NAVSHIPS 

cathode circuit, may effect :he voltage present on other 
tube elements. Voltage checks are, therefore, only a mems 
of localizing the trouble, ar,d further resistance measure- 
ments are usually necessaw to locate the component at 
foult. Improper plate and screen vol tag~ on V1 could be 
caused by o defect in voltage divider R5, R6 or cawcitor 
C4. Check R5 and R6 for proper value md check C4 for a 
possible short with an ohmmeter. If either plate voltoqe or 
screen voltage is incorrect check for proper value plate load 
resistor R2 and also check C3 for a possible short. Also 
check screen resistor R4 and its bypss  cawci t a  C2 for 0 

p s i b l e  s h a t  or excessive leakoge with an ohmmeter. 
Improp cathode bias could be caused by a defect in cathode 
resistor R3 orbypss  capcitor C1. Check R3 for proper 
mluz with an ohmmeter, and check C1 for a pcssibleshort 
a excessive leakoge, 0.1~0 with an ohmmeter. impropr 
arid bias could be caused by o defect in R1 or possibly a 
jefect in the feedback circuit, consisting of the feedback 
winding within the resolver and Rl0, or by a defect in the 
output circuit of the preceding stage. Check the resistors 
In question with an ohmmeter and also check the continuity 
of the resolver winding. Improper grid bias on amplifier V2 
wwld result if coupling copcitor C3 becomes shorted or 
if there is a significant change in the value ofgrid resistor 
R7. No output would also result if cawcltor C3 opens, 
since the a r  signal would not reach the grid of V2. Check 
R7 fa poper value with an ohmmeter and check C3 with an 
in-circuit capacitor chsker ,  since both a short or on open 
could cause o no-autput condition. improper cothode voltage 
on V2 could be coused by a defect in R9 or a short in bypss  
aplc i tor  C5. Check R9 for paper value ondcheck C5 
for possible leakage or a short. If the primary of the re- 
solver owned there would be a nooutput condition. ?his 
a n  easily be detected since !here would be no plate volt- 
age on VZ. Various defects within theresolver couldcause 
anodutputcmdition to exist. The resolver may be checked 
by mwswing the resistance of its windings and by checking 
for excessive leakage between wh~dinqs. 

Lew Output. The resoiverdriver i s  basically a feed- 
back amolifier. A prime chorocteristic of a feedback am- 

age. This characteristic exists becouse a tendency for the 
output mplitude to decreose also results in a decrease in 
the amplitude of the degenerative feedback, which is de- 
veloped in the output circuit. Tnis decrease in degenemtive 
feedback has the same efiect a s  increasing the input am- 
plitude, and the werall effect is for the gain to remain con- 
stant. However, if thecomponents deteriorate beyond the 
limits of feedback control low outplt could result. Check 
the power supply voltage and adjust if necessary. 
lf proper operaticn is not restared a defective circuit com- 
pcnent ismost likely the couse of decreased output. A 
dec~ease  in value of Ri0 would result in a greater amount of 
negative feedback reaching the grid of V1 and result in 
decreased closed loop gain, hence, decreased output would 
result. Check R10 for p o ~ r  value with an ohmmeter. Volt- 
age checks cb tube elementsshould reveal whether or not a 
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change in operating levels caused by a defective component 
k the muse of low output. Any discie~ancies found during 
voltage checks can be follawed up with resistancemas- 
urements of suspsted components, as explolned in the p r e  
vious ~ a g r a p h ,  to locate the comment at foult. A de- 
crease in value of R8 or a shorted C6 could shunt a Fortion 
of the output signal around the primary of the resolver, re- 
sulting in decreased output. Check RE, with an ohmmeter, 
for poper value and C6 with an incircuit mpci tor  checker. 
A defective resolver con also cause a low output condition 
to exist. Measure the resistance of all resolver windinqs 
being alert for a lower than normal reading which would 
indimte that some cb the turns on the windinq in question 
are shorted. Also check for excessive leakage between 
aindings and to ground. 

Di=mrsd Output. A defect in thefeedbock circuit is a 
prime cause of distmted output in resolver-driver circuits. 
Measure the resistance of the resolver feedback windins 
and check the unqrounded end of thefeedbock windinq for o 
~ s s i b l e  short to ground. Also check feedback resistor 
R10 and V1 grid resistor R1 fa proRr value. If the feed- 
h c k  circuit checks out gwd, check the power supply volt- 
age and check the tuhes by exchanging them with tubes which 
are known to be good. If theresolverdriver output i s  still 
distorted a defective comment could be alterinq the operat- 
ing level of m e  of the stages andcausing distortion to 
occur. Voltageondresistance checks may k made, a s  
explained previously, to locate the component ot fault. 

PHASE SENSITIVE NULL DETECTOR CIRCUIT. 

APPLICATION. 
Fae phose sensitivenull detector i s  used in servo cmtrol 

circuits to operate a dc relay when the input e r a  voltage 
i s  in phose with the reference voltage. 

CHARACTERISTICS. 
Output (position of d s  relay) isdependent upon phase 

relationship between an input error voltage and a reference 
voltage. 

Circuit may be connected so thot the output relay i s  
energized when both signals ore in-phase, or when they are 
out~f-phase. 

Use a pentode and two triodes. 

CIRCUIT ANALYSIS. 
G.nsrol. The phase sensitive null detector consists of 

o two stage a c  amplifier, a phose sensitive detector, and 
a relay control tube with a d c  relay in i ts plate circuit. 
Basically the phose sensitive null detector compares a-c 
error voltage to a reference a- voltage and determines 
whether or not they ore in phose. The a c  amplifiers provide 
sufficient aain so thot very small error voltages mav be 
effectivei;compred with the reference volt&e, allwing an 
outwt to be orcduced a h o s t  immediatelyafter the error volt- 
age becorneain phase with the referencevoltage. The ampli- 
fied a% error voltage is applied to the phase sensitive 
detector stage through o transformer. The amplitude and 

21-A-28 
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polmity of th3 phase detector output is de~endant upon the 
amplitude of the error voltage input and the phase of the 
emu inpn with respect to the reference voltage. 'With the 
circuit canected in thestandard manner the phase sensitive 
detector stoqe prcduces a positive voltage output when th.e 

e r ra  slgnol and reference signal voltnges are in 
' h e  detecta stage output voltoge is filtered and applied to 
ihr grid oi ine ilnai stoqe, a d.c relay cmtro! tuh .  %en 

thedetector output voltoge is positive, as it i s  when the 
error and reference voltages are in phase, conduction of 
the relay control tube i s  increased and the relay becomes 
energized. If the error voltage is out-af-phase wjth the ref- 
e r a c e  voltage, the detector output voltoge i s  negative, a d  
the rehy ccmtrol tube does not enerqize the output relay. 

Clrcuir Opnetion. Tneioiiwmq schematic din~ram i!- 
!a.%ioirs a piiase sensitive null detector. 

Resistor Rl serves os the input -rid :esistm for pentode 
ampiiiler '41. .F sistm P2 s ines  US <he piate iwd tar V1 
while A3 which 3s bywssed by C l  flulctions as the cothcde 
bias resistor for i'i. Zesistw R4 is a series screen dropping 
resistor, and ca ncitor C2 1s the screen bywss for Vl .  
RC coupling 5. ween Vl and tr~ode arpiifier V? is :ro:ided 
by capcitor C: :nd gri4 r~sis tor  5 .  Pesistor R8 which 
is Sywssed by ;a serves a s  the cathode bias resistor for 
V2, while the F :m.ary L l ,  of transformer Ti  which is shunted 
by C5 serves o. the plot. lmd for V7. R.eiistws a6 on6 D7 
1- ;,Arm vc!:cqe .:;;is; Ltlwren ;it? yinte sopply o x  2:o;fid 

. ,. . 
?o pro!i?e !!:c ::;-I; pk t t  r u l b j e  ra vi wl!n c3p::!a 5 4  
; ...... *;...i..- , . . . . . o r .  !ronsiorme: Tl cmpies 
the error volti iro 3 ~ ~ 3 5 %  sensitive detector zcnsistirq of 
", - < . :I:,; d1.I reslsrors rir ooc 310. T ~ P  !-fey- 

ence voitagei: -.olsied to thephase detector stoqe uio 3 - 
sentertc; a;: ;. ; 5eiot::hl:y 9: !I. :?c-  sl!pu: a! ;he pilase 
detector is c; !is! :;,: filter r;etwoik conslstlno at resis- 
iws E i i ,  f i i ~  mdcaWcita C7. The filtered phasedetector 
output is app1i.i~ to thegr~d of reiav control t u b  V?. Re- 
slstor R13 se-.ies ason  .nbyprsel !1:;encc:iji; mthaie 
bios resistor ,r ' i 3 .  :.hie 2~ : s l q  Ki iorrrls themtput loo3 
fa '13. 

CHANGE i 

?ke :e€ error voitaqe is npp!?ei to the yii: o: iii,,p]ifier 
V1, and the larqe amplitude error -voltage develo~ed across 
plate resistor R2 of amplifier V1 is coupled through cops- 
CltOr C3 to the mid of ornpiilier \ii. Amplified error voltage 
is develowi across !!:e pri.xary of tronsiormei T! is 
ir.d;ictively coupled lo the secondary ol TI. ?he a< refer- 
ence voitn:e !r a;:!;.-.? tc ::., jensltlve ""11 detector 
through a center top or r h t  secondary O! T!. FOI wse of 
ex?!-natio- as>u::te for 3 moment that only the refeipnce 
"v,,u,r is .p.i,-' + -  r:. ,.,- .:...""... . .~ -. 

rr-.iu I -  i .  --- -... -~ui .,,udc. ~,tiilnq the 
pasitivr hall c ~ l p  3! . h i  2 5  I;.!:::.;:~L~:~~;~, C,diiPnt jjsltJS 
f : .  , 8 8  ..-- ' -I- ~ . . 

, -.'., r.,i .#bL'K :C ! ! 5  

source, the secondav of TI. Diode C R l  is ieveise-blos4 for 
the .JOCit:.;r !,.]!f -r i . .  .-: ---.- . - - i .uat;>e 351 ;ces not 
rm-l .,-. 

v-!...~ ." ;~.i.lu;rs >cross 31; an.: [re linrtior 
of P.lC, 3r2, ?I?, 15 ::>,:;2 ;::.;,,: b:;tsqll~i, :,,,.,--..a ,.~... 
negofi,ie ? ~ i f  cvcie 91 t i ~  I IL~ :CT? :  -;;!:;it, ;c:eitnce ,,lOOe 

CC'? is :n,::-,-Lu,cu u:,; toes r,ot condxt. 
dicdp 39; 1s !a:;;;;; ;~nss i  >in c x e n t  ilavs :rora the 
*."-"G . . - , . o l ~ ~ ~ ~ ~ c i  ;niteitop throuqp. tr.? to; k.al! of t'n ,\i:;iln;, 
tflrougn CV,l ond tt.ro>+, ?S !c :r?m::3. .&, ;.;!t;ie 13 ,je- 
velop.3 3,z:oss Ti9 02; * - -  ,LC ju:,rti--. nf ?% cz2 31; j; $eiw:t 
c:~, ;~, :  . ~ ..... T-- . , . - - -  :,,. . .! ,e :T!:z<c SG JLE, i \,v ,Ae 



ELECTRONIC CIRCUITS NAVSHIPS 

rectifying action of CR2, and the negotive voltage, produced 
by the rectifyinqaction of CR1, deviate equally, in their 
respective directions, from ground potential since CR1 on3 
CR2 havethe sameoperational characteristics and resistors 
R9 and R10 are of equal value. The negative voltaqe is 
filtered by R l l  and Ci and the positive voltoge is filtered 
by R12 and C7. ?he d c  level applied to the qrid of reloy 
tube V3 is, therefore, zero volts, when only the reference 
voltageis applied to circuit. 'The relay control tube V3 1s 
self biosed by its cathode resistor to o conduction level 
insufficient to energize output relay Kl. Since in effect 
there is no output from the phose detector portion oi the 
phase sensitive null detector when only the o r  reference 
vobaoe is opplied, :onduction of V3 dces not increase ond . . 
the output relay reniains deenergized. When on a r  error 
voltage is applied in oddition to tb.ear referenced voltaqe, 
there is an output from the detector circuit. The polarity of 
this output isdependent upon the phose relationship between 
the error and reference signals. Only a positive output from 
thedetector causes the output relay to become enerqized. 
When the a c  reference voltage ond the error voltoqe are 
in phase the output relay becomes enerqized in the follo.,$,inq 
manner. During the perid of the psit ive holf cycle of 
input signal, o positive half cycle of reference voltaqe is 
applied to the centertop of TI ,  and is applied equally to both 
diodes. The error voltoqe, after beinq amplified by V1 and 
V2, is applied to primacy winding Ll of TI. A negative holf 
cycle of error voltoge is induced across the top half of L2 
while o positive half cycle of error volta3eis induced across 
the bottom half of L2. Theo-c reference voltoge and the 
a c  error voltole odd across the bottom half of L2 wllile 
across the  to^ half of L2 they opaose. ' h e  result is a ~~. . .. 
positive detector output during the positive half cycle of 
inouts. since diode CR2 conducts moreheavily than CR1 . . 
and the resultant voltuge drop across RIG exceeds thot of 
R9. When the input signal swings negative, the voltoqes 
across the top half of L2 aqoin oppose while across the 
bottom holf they odd, but they ore of sdch a polarity that 
CR2 is bock biased and daes not condsct. There i s  there- 
fore o positiveoutput from the ietector poitian of the phase 
sensitive null detector 'when the input signals (error and 
reference) ore in phase. After Seinq fiitered by R12 and C7 
thispcsitive voltage is applied to the qrid to reloy control 
tube V3, cousing conduction oi V3 t3 increase, and thereby 
energizing output relay Kl. If theenor voltage developed 
across T1 is of greater amplitude thon the reference volt- 
age, a negatlve voltage i s  developed ocioss R9 durinq the 
positiveolternotion of the error input. Ho,,vever, the posi- 
tivevoltoge developed across 910 due to the conductions 
of CR2, is of greater nagnitude than the voltoqe leveloped 
across R9 since the reference voltage opposes the error 
voltage opplied to CRl while it oids the error voltaqe a p  
plied to CR2. T h e d c  level after filtering remains positive 
and the output reloy remains energized. When the error 
voltaoe is outiif-phase with the reierence volta?e, cir- 
cuit operation is basically the same, except that a neqative 
output is produced by the detector stage and is applied to 
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the grid of V3. The negative output is prduced bemuse 
the two siqnols opplied to the detector stow now add across 
the top half of L2, and oppose ocross thehutom hclf. The 
rmanitude oi the current thouah R9 exceeds that of R10, 

negotive voltage applied to the qrid of V3 reduces rather 
than increases conduction of V3 and output relay Kl is not 
energized. The phase sensitive null detector may also be 
connected so thot the reloy becomes energized when the 
error voltage and the reference voltage are outilf-phase. 
This may be done simply by reversing either the primary 
or secondary windinqs of TI or by reversinq the diodes. 

FAILURE ANALYSIS. 
NO Output. Failure of the output relay to become 

energized when the proper cmditions are met, i.e., error 
andreferences voltoqes either in or outdfphase depending 
upon how the circuit i s  connected, is considered to be o no- 
output condition. Failure of any of the three stoqes (the 
a-c amplifier, the phase detector, or the relay control tube) 
of the phose sensitive null detector could cause a no-output 
condition to exist. Failureof the power supply would oi 
course disable the circuit ond no outputalso would result. 
Check the plate supply with a high resistance voltmeter ond 
likewise check the tubes. If the pJwer supply voltoqe is sat- 
isfactory md the tubes are qood, a defective circuit compo- 
nent ismostlikely thecauseof nwutput. Withanerrorvoltaqe 
applied to theinput and the referencevoltage removed check 
with an oscilloscope for presence of amplifiederror voltageon 
the secmdary winding L2 of TI. Also observe the waveform 
present at the qrid of Vl to rnoke sure that the noa tpu t  
conditim i s  not coused by no input. If there is no error 
voltage present at the srcandary of TI check the primary 
of T1 to determine whether or not T1 is defective. If the o r  
error voltage is present in sufficient amplitude at the plate 
of V2 the a< amplifier stages may be assumed to be qocd. 
If the error voltage is not present at the plate of V2 o defect 
likely exists in the a c  amplifier stoges. Voltagechecks of 
tube elements, which should give on indication of the lo- 
cality of the foulty components may be mode, and then with 
the circuit deenetqized, resistance nwsurements of sus- 
pected comments may be made to determine the component 
at iault. Impoper qrid bios on V1 could be caused by o 
defect in R1, or in the output circuit of the preceding stage, 
while improper cathaie bias could be caused by o defect 
in R3 or a shorted C1. A defect in voltage divider R6, R7 
or a shorted or leaky bywss capacitor C4 would alter both 
plate ond screen voltoge on V1. A chanqe or defect in R2 
would alter the plate voltage on V l ,  anl  a defect in R4, 
or a short in C2, would affect screen voltage on V1. Keep 
in mind that improper grid or cathode bias would also alter 
plate voltage on on amplifier stoge. Impropr gridbias on ac 
amplifier stage V2 could be caused by a shorted coupling 
mpci tor  C3 or a defective grid resistor 95, while improper 
cathode bios could be caused by a defect in cathode resistor 
RE, or a shorted cothcdeby pass capacitor C6. Lack of 
plate voltage an V2 could be caused by an open primary 
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winding, Ll of Ti.  Capcitor C5 shosld De checked since 
the a-c error simal would be shunted around TI if C5 
shorted. If the a-c reference voltage is not present 
h e c k  the source of :he a-c reference. If the o-c ornaizfier . ~ 

i s  operating norrnoiiy, on2 the reference voltage is applied 
to the detector stoqe, o no-output condition could be caused 
by a "!ccth~ p>nsr drlrctor stoge or reioy control stage. 
T. 
Ine reiay control staqe may be easily checked by measurins 
the resistance of R l j ,  the cathode resistor for V?, and hy 
checking the continuity of relay coil K1. Also check the 
mrchanicol action of relay lil since it c o ~ l d  become l a m e d .  
Diodes CR1 and CR2 of the phose detector stage should be 
checked by disconnectlnq one lead of each diode and mws- 
uring the frrnt to h c k  iotio of each diode. In qenerol the 
h c k  rouo oi most cloces she-!-' be gtcster than iG:i. Tne 
other components of the phose detector stoqe, resistors p9, 
RlO, 811, and R12, .?oy be checked by rn?asoii,nG their 
resista~ce. Fi!ter iapci toi  C7 noy be ckckea for F r c p r  
value wltn on incircuit capxitor checker. 

Impropr  Operation. Erratic o p ~ ~ t i o n ,  failure of the out- 
put relay to energize, or any t y x  sf operation rather inan 
proper cprotion coul.! he csusc-l by impreper plate .roltoqe, 
o decrease of goin of t ie a* oxpiifiers, on unha!ancc of 
the phose detector stage, or i t  couli be cotlser! by <acrolse! 

, . . emission of ?he re!cy ccntro! i=ue, a u nierha?ico! ne:e:: 
in outpl;: relay K1. Z:,eck :it wuer  supply voltage and 
adjust or rewir it if necessary. If proper operotlon i s  not 
restored, the tubes moy be ot fault. If the phose sensitive 
null detector stiU does not function properly, the various 

stages moy be checked :ndi:,iduo!!y to lmoiize rne rroubie. 
'The gain of riie ac amplliier may be checked by comparinq 
the amplltuae ai t i e  error -;c1!54e Input wl::, :np mn1li1.d~ 
of the error voltage developed across the primary. L1 of T1 
using on oscilloscope. For smol! error voltoges the gain 
should be around 3WO. Be sure to remove the reference 
voltage when making the previobs check since the refer- 
ence voitoge oppiied tn rne second~ry 3f TI cml? 
be inductively coupled to the prirnory of TI and cause 
a possibleerronea,~s recdin2. If tb,eas ;::plifiei isieter- 
n;i& t i  Lr defective, the iouity comwnent xay be ImctrJ 
as explained m the precedinq poragroph. Tne phose detector 
stage may 'k chec:tec by rer.odin,: eitirer '41 or 'Vi (t i is  
~ ~ s s ~ ! ~ c ! L c  3< ZC.;:~::~:; J;,: ... ~ . l ; ~ I l l ,  j I:e VCItCJE Or 
thegrid of V?. Any voltage reodin2 other incn zerc.:olts 
indicates 3r, ictnionce at tre ?hose detector staqe. C t e c l  

.,,"-. - -,.... ...- ,-;,~;.,' , ..,- - .:. . . : *  . . ; " *lrili;il .wy- 
inq prtlculor sttentior, to tb.e h,z!?t !.; Sack :::is ii 3 :  

. -~ z i m ~ r ? ~ j  !#>':=? -7: .Lo .::::!>?:: :! ! : ~ - u , , . & T e .  ., ,,L. 

and F l l  ccmzrr? tc 312. k-iite: ;cwcl:or 2 sradldbe 
cLcckei 7,-,:+. ,,,. ', ,, .i*: -- .-?. - -  .. . , .  

.. . . - * - 2 : - .  -:.c:l(ir, 

- L.au;age -L-.- ;r. i;hr af C7 con aiverseiy oiiect circuit 
f c  . , 2 .  . , , :  - - :  . .___. .",,,I. . ,  : 

rneosuin.1 the ?c r?sistc-c? .-i !'E. r z ! ~ : : :  .;k::i~; 
""2 i.. "L-..'.'.~ ..... ,, --.,.., A i  ,Ltc,i~uib~cui operotion st the relo? on4 
also ct:eckir< :b,e resis:aiie i cotilde resisrcr E l j .  
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PART B. SEMICONDUCTOR CIRCUITS 

AGC (OR AVC) CIRCUITS. 
It is often desirable to control automatically the 

output of a number of omplifier stages so thot o 
relotivelv constont ou t~u t  level i s  mcintained reamd- 
less of input signal variations. For example, in com- 
municotions circuits. sianol iodina willcouse tht. 
signal at the input of a receiver to vary from a few 
miaovolts to thousands of microvolts almost instant. 
ly. Consequently, without automatic volume control, 
the receiver autput would he u n b o b l y  loud and 
qreotly distorted on strong signals ii the receiver 
were set for reception of weak signals. In electron 
tube receivers. the common method nt rontrollino t h ~  
~01u)rlr is 10 incocporote 0 CI~CUII  which automat~coiiy 
vmies the him voltnqe "f the r-f and i-f stzqes to 
control the overoil gain. This is known os automatic 

gain control ( A r c )  and i s  sometimes referrd tn  olsn 
a s  outernotic volume control (AVCI. Similar circuit 
arrangements are used for tronsistorized equipment. 
In other instances it is desired to keep an audio or 
video output level constant regardless of input level 
variations: circuits used for this pwpose ore called 
volume cempresslon circuits and ore discussed in 
Section 6; AMPI.IFIEil CIaCUI7S, i~ this han6mok. The 
circuit discussions on AGC in this section will be 
limited to circuits used to control thegain of 1-1 
or i-f stages. 

AGC circuitry in the semiconductor field foils into 
....- ---.-. 1 -1- ..- 
~ r u  un~rrul  ciu:\cn. Oilr cluss uses ihevariaiion of 
d-c bias on one or more elements of a transistor 
amplifier staqe lo control its qain. The other class 
employs n diode w another transistor to shunt the 
input signal to ground (or around the controlled stage) 
and thereby reduce the overall gain. The output of 
the second detector in o superheterodyne receiver pro- 
vides, in oddition $0 the desire3 sicpol, o ic tom- 
ponent which is proportionai to the carrier strength of 
the received signal. This di.  component offers o con- 
venient method of controii~ng the bias on a preceding 
r-f or i-f amplifier and thus controlling the stage gain. . . 

Variation of transistor bias to control the gain may 
'& c,-conpiist,ed eit!lrr by cironqitly the ernitter curre~it 
( 1 ~ )  while the collector voltoge i s  !reld suhslontially 
constant, or by changing the collector voltoge (Vc) by 
r,er-- ..,., .,, -. -1, , . P  e;::i.ctoi suiient. n e s e  two !1!et!:od8 ^re 
sonpti-es n i l &  reverse AGC .and for*ard AGC, respc-  
.ivelv. '7n.e nrcc-;~~.yi?? iiy:r(r r % ~ z  7 cn-r?;;lsrz 
of the two methods. In the figure, curves are shown for 
&,?ti. ti.? ,:,,~",71~-.lli+fnr .]l.<l c(I""!~~.L>Is~ ~il~..i! 
;siiiaur~tio:.n. "if; rxaminutiori of ti.e iiaure, ir is . . 
evident that the two cnnii;.untions perlorn similnily. 
with the commonemitter circuit providinq a somewhot . . .  . n. ._ :.... . : . . 
-J.-".'L .-I._JL. . . i C  Cii,'llCl C l l C l l l  LVI IOVI  L I I I U L L  13 

more generally used than the collector voltage control cir- 
cuit, marilk kcous r  of the v a y  l ~ w  c u l l e ~ < ~ r  voiioge 
provided. At low collector voltages the collector 
capacitance is incrensed (on inherent dlsadvanlaye in 
-1.. <!.? + Lr ,<,,>:> ,.. ~,~,.); :!:% ,?i:!:c cc!c!i !re- 
,!,, * ,,,. y is T?,: ,,,. F:, ###r2kir#r4 !;>? ! r , ~ " s i ~ ~ ~ ~  5 ym; r-f % 
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EMITTER CURRENT 

E.ittcr Current Contro! 

Collector Voltage Control 

Compriron of Bias Control Mathods 

i-i amplifier. The illustration also indicates on 
lmpartant d~fference between the sem~conductw AGC cir- 
c u t  and the electron tube AGC circuit: namely, the 
transistor ACE unit operates ot very much lower power . .  . --. ..-, ,,," ,,,tage levels. Fir example, over tire first duude 
(between .C! arL 9.: xi, the CE emittercar~trc! cii- 
~ .. --. >r2vLJes c: frGK ~pprox.mo~e~y : 18 & 
gain variation with a current variation of only 100 
:.;;;sjzpeies. !;. the ;~1iector-voltage control circuit 
a slrnlior range is covered with a variation of only 
0.28 volt. h e r  the seconddecode, this wriormance 
i s  halved wi!h the curve recching its zenith and then 
deci~nmg. 

When the bias of thetronsistor i s  changed by ATX 
mntml, the input and output impedances also change 
and produce o shiit i n  the bondwidth ond center ire- 
quency to which the circuit is tuned. Fa  example. 

L ~ - . ,  ... . , ,... 
w ! ! n !  ?!!r ?!!!lLre? cillir!!? L1I n i r  ~ i 3 g P  is reduced 10 

. . seclw5? t>,e,qifl, it c,>,,ses Inn ir,,:r?<,<" 8 , s  ,,,!,,,C i r n . ~ A " " ~ ?  
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action occurs (assuming, of course, that no AGC voltage is 
applied from the control circuit) . This, then, i s  the con- 
dition for no AGC where the omplifier operates at full gain 
with a very weak input siqnal. It i s  funher assumed that 
the AGC control circuit is inoperative because of delayed 
AGC since the circuit i s  normally almost instantaneous in 
oction. For thiscondition the emitter d r  current is at i!s 
maximum value. As amplification occurs, the instantoneaus 
emitter current wries (decreases for the positive portion of 
the signal and increases for the negative portion). Since 
both positive and negative variations of signal are equal 
(assuming a sine wave) , there is no overage change in 
emitter current. The instantaneous i-f variations, however, 
are amplified and o o w i  in the coli~ctnr drcui! (refer !a 
Section 6, R-F AMPUFIEFS, TUNES INTERSTAGE (I-F) 
AMPLIFIERS for a complete discussion of normal amplifier 
action) . As far a s  the om~iifier i s  concerned. R3 is 
effective only for tempratme voriotions, because it is by- 
passed bv C3 for i-f s i~no l s .  'When the amplified siqnol 
bppears in the detector; a b c  voltage i s  developed, in  a& 
dition to the demodulated s i ~ a l .  Tnis d-c voltage i s  pr* 
portional to the carrier strength and i s  taken at a point in 
the detector which provides an innensingly positive d r  
voltage for an input signal which is incrwsing (for PNP 
transistors) . Assume that the input signal level rises to a 
point where the detector positive AGC control voltage ex- 
ceeds the delay voltage and provides a positive d c  voltage 
to the base of the transistor. Since the base of the trans- 
istor i s  negatively biased, the positive control voltoge adds 
algebr;icalky to reduce rhe iotai inward bias. Consequent- 
iy, hoie flow through the transistor is reduced, and the 
emitter current i s  reduced accordinalv. (Both base and 
collector currents are reduced.) ~h;efo;e, the transistor 
forward current gain and the effective amplification of the 
tronsistor are reduced. Under these conditions, the trons- 
istor still amplifies the i-f signal, but not a s  much as Se- 
inre the forward bias :.,as reduced. Tillis as the input sig- 
nal increases, the output of the tronsistor is decreased. 
When the input signal becomes weaker, the detector control 
voitoge 1s denwsed, the forward bias, in turn, i s  increas- 
ed, and the amplifier produces a greater output signal. In 
t i i s  manner, the output of the amplifier i s  controlled by the 
inpd voltage, which outomaticolly controls the gain of the 
transistor amplifier. 

The overall power gain is contingent upon matched input 
[an? ou tp~ t )  conditions. the &se current is reduced 
by AGC oction, !he ef!ec! is !he same as thouqh the input 
resistonce :be tra-,z:stor *err i::ceasec: (?,, : :: v ~ n i i t n l  '- 

The output impedance also changes, but not as much os the 
!?pit i-ped-rce. %.-s : ~isac lched  inplit grid output con- 
&lion resuits. Sucn a condltlon enhances Ihe control action 
ond provides sore effective AGC control. ':here insuiiicient 
range of control is provided by 3 single stcje, more than 
~ o c  stuye of conuoi 1s used. However, t h ~ s  is the excep- 
tion rather than the rule, since cutoff bias may be reached 
on enrremeiy strong signais, or AM modulated signols may 
be compressed to the point where actual suppression c! 
modulation occurs (E.! signals ore not affected by th:s 
,.-^:i...i^ 5 
"..,r...UUr "YY_YIc~..IYII "LIIY!!) . 

Ano!'her dcsizn orable- i s  intioti,~r-~ri hy rhe cicc:~. c !  
input and output capacitance with signal strenqth. In the 
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CE circuit, both capacitances dmsrease with strong signals. 
As a result, the center frequency of the tuned output circuit 
i s  shifted upword. (In the CB cucuit this effect i s  exactly 
opposite, and a downward shift i s  pr0duced.j As the design 
oftransistors improves, i t  is probable that types similar & 
nction to the remote ;;:off electon tube wiil be developed 
and used in AGC circuits. At mesent. however. the action ~ ~ 

i s  the same a s  that of a sharp Cutoff t&, so tho1 controi 
amplifiers must be restricted to handling fractional powers 
to avoid blocking and distortion, and some circuit detuning 
must be expected. 

FAILURE ANALYSIS. 
rio ourput. ilsuoiiy a n o a t p u t  indico!ion i s  produce? 

only by m open- or short-circuited condition in the mn- 
trolled smge. Observation of the siqnal using an r-f probe 
and oscilloscope will indicate where the signal disappears. 
Once this is determined, a resistance or voltage anoiysis of 
that partion of the cucuit shouid reveal the defective 
component. 

L o w  Output. If excessive blas is produced, cutoff m- 
rent may be reached, or the signal may be reduced so much 
that little range of control i s  offered. In such cases the 
increase in amplitude caused by AM modulation can cause 
suppression of modulation. Such a condition can be ob- 
served on an oscilloscope. If oscillations occur in the con- 
trolled stage, a preceding stage or a following stage, an 
excessively strong input signal to the detector will result, 
and the control staqe may be biased off. ?.ernova! of the iil- 
put signal would cause tne galn to increase, as evidenced 
by an increased noise output with no sign01 present. If an 
output signal i s  still observed, i le  signal i s  being produced 
internally through feedbock, and it will probobly be neces- 
sary to temporarily disconnect each stage preceding the 
detector and control amplifier from its collector supply to 
i m t e  the defective stage. An a i t e r ~ t i v e  methd fa an 
experienced technician i s  to quickly short-circuit the input 
or output of a stage to determine whether the oscillation 
ceases. Do NOT short-circuit the input or output to ground. 
or the transistor rating may be exceeded or the heavy cur- 
rent produced may cause the deiicate i-f transformer winding 
to o p n .  

Otstortlon. The changing of the input and output imp& 
ances and copacitonces hy changes in signal strength will 
cause o shift in the tune:! frequericy an? the 0',e:~1l ciiciiii 
n ".. 
v. I nerefore, it is to be expected thot soine distortiar. 
will occur, mrticuiorly cn quick!? varyin? snonG s i ~ i i l z .  
If the distortion i s  continuous, on improperly operating cir- 
cuit or a defective tronsistor woy be !he cl2se. 2c: 2:. 

ssci!!ascope, and sixt:dlate a vorying input signai by means 
of o siqnoi generator connected to the input circuit. 3bse:- 
vation of the wavelnm at various points in the circ>i! shou!j 
!n?ics!e !he d e f e c t h  p t io i i ,  wiiaruyon a resistance ann- 
lysis will isolate the defective component in this portion of 
.Le 2- ,...:. ... .,LULL. Li the wuveforms piece&ng and foilowing the 
controlled amplifier are identical except for amplitude, the 
distortion i s  potnbly occurring in later stoqes anA , is not 
cncse;! hy the m n ~ u l  ci:c:i:. 

ORIGINAL 
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AUXILIARY DIODE CONTROL CIRCUIT. 

APPLICATION. 
Auxiliary diode control AGC ci icul ts  m e  used ic  con- 

junction with the i e p l a r  limited ranqe AGC circul!. 
normally enplayed in solid-state receivers, t o  provide od- 
ditional AGC action when extremely strong s i cna l s  are en- 
countered. 

CHARACTERISTICS. 
Provides considernble AGC action for suonq siqnzls. 
Hos l i t t le  or no e f fec t  on weak or medium strenqth 

s i g m l s .  
Utilizes o diode to shunt stranq s iqnals  around one 

of the i-f om;llifier s taqes ,  thereby decreosinq system acin. 
Auxiliary diode operation i s  indirectly controlled by the 

regular AGC circuit. 

CIRCUIT OPERATION. 
tenerol.  Automatic qain control circuits in the semi- 

conductor field con be placed Into two general c l a s ses .  
One c lass ,  referred to in this Handbook as standord A%, 
uses  a variation of bias on one or more o! the transistor 
elements t o  control the gain of the receiver, while the 
other c l a s s  employs a diode to shunt the input s i m a l  oround 
the controlled s tage t o  lower the gain of the receiver. The 
auxiliary d i d e  AGC circuit o p r o t e s  on the latter principle, 
however, i t  i s  usuall-y used in addition t o o  standard AGC 
system t o  obtain improved control, und to prevent the 
receiver from beinq overloaded s h e n  very stronq s iqnals  
o re  received, s ince  tne ronqe of control of most standard 
AGC circuits i s  somewhat iimite-:, especially a t  high input 
s ignal  levels. in a receiver usinq both ouniliory and 
standard AGC, the auxiliary AGC circuit i s  controlled by the 
stondard AGC circuit. When weak and oedlum strenqth 
s iwa l s  a re  received the ouxillary AGC circuit is not 
operated, and the receiver ou tp l t  i s  held fairly constant 
through the action of the standard .AGC circuit (:vh~c'l 
frequently uses emitter current control,  althouqh collector 
voltage control can be used, if desired). As the input 
signal increases  beyond o predetermined pcint, the AGC 
control voltaqe increases  to a level suff ic ient  to f o n n r d  
bios  the auxiliary diode AGC circuit,  and the ouxiliaiy 
d i d e  conducts. D e  ~ o n d ~ c t l n q  diode provides o lo.. 
impedance shunt oround the s t an2cr i  AGC controlled stoqe, 
creoting a great deal  of additional AGC action. It i s  
important t o  keep  in mind that the ouxiliary ?lode A K  circuit 
does not operate irdegendently, rather i t  operates in con- 
junction ,with a standard AGC circuit,  and its opra t ion  i s  
controlled by the standard AGC circuit. A knowledqe of 
stondard AGC circuits,  (emitter cwrent  control or coliector 
voltage control) i s  helpful in heunderstondinq of tb,e suxil- 
iary diode control circuit. Far the interested reader. detailed 
informtion concerning these circui ts  i s  lacoted in this 
section of this Handbook. 

Circuit Owration. The accoxpanyinq schematic i i a -  
gram illustrates a typicol emitter current controlled ampli- 
fier with auxiliary diode A X .  

CONTROL CIRCUITS 

'PUT 

Auxiliary Diode Control Circuit 

Trmsformer T1 provides inductive muplinq b e t , ~ e e n  the 
controlled amplifier ond t h e  precedinr: staqe. Reslstor 
R1, which i s  in ine collector c ~ r c u i t  of the precedinq s t aqe  
d e v e l o p  bias  for  the anode of auxiliary diode CR1. 
Resistor R2 toqether .with ieslstor R3 form o b a s e  bios 
voltage divider beween  r o x n d  and the necotive S ' J ~ P ~ V  t o  
forward bias  the emitter base ~cnc t ion  of tronsistor 0 1 .  
Resistor R4, .ab.ich i s  t y ~ s s e d  by ccpacltor C1 i s  a con- 
ventional eai t ter  stobllization resistor which co-.pnsates 
for ambient temperature variation. Zawci to r  C i ,  toqether 
with the orimarv of transformer T2 forms a tuned output load 
for amplifier Q l ,  on? the signal d e v r l o p d  ac ross  the primary 
of T2 i s  inductl,ielv co;pled to the secmdarv  of T2 t o  the . . 
following stoqe. Resistor P5 a l s o  de.,elops c o h o d e  bics  
for ouxiliary diode C R i ,  ;ird capccitot C3 shunts  to c r o ~ n d  
any signal voltoge thot m y  be develnped across  R5. ?e- 
s i s to r  35 should not be csnfcsed isith the resistor u s e i  
in the ?ollectcr v a l t a l ~  cnntro! ASZ c ~ r c u i t  s ince the vslue 
of R5 1s ,.~suf!iclent to ac:hieve collector vc l t iqe  cartro:. 

When there i s  no siqnol input t o  h e  receiver, there 
i s  no voltoqe deve lopd .  Auxi!lary diode Z91 :s n o r ~ s l l y  
back biased by the va!tc;;e drop c c r c i s  35 cocse? t y  1b.e 
quiescent collector r l r rent  of 0 1, and by the b,iqher n q c t i v e  
voltaqe, applied t o  9 1  ond the collector of tt.eprecedir.q 
converter staqe. Campor,ent vclues a re  such that the 
voltage across  R l  exceeds the voltilae drop ocross  R5  tiere- 
by hack biosinq (or reverse biasina) auxiliary dlode C 9 1 ,  
s ince  the cathode of CR1 i s  l e s s  neqotive than the mode .  
When an input si;nal 1s applied to the receiver, 4GC volt- 
a g e  i s  produced by the receiver detector and i s  couple? to 
the conholled stage, or s t q e s .  Tn i s  AGC voltace, which i s  
in the form of o dc vcltaqr, i s  directly popartionol to the 
overage corrier power received by the receiver. However, 
delayed AGC i s  usually use.! on? he AGC voltaqe m ' s t  
exceed a fixed "deloy voltoqe" a l so  cal led the "threshold 
voltage" before AGC i'oitoqe i s  applied to the controlled 
staqe. In this manner the receiver gain i s  min ta ined  a t  a 

CHANGE 2 



ELECTRONIC CIRCUITS NAVSHIPS 

maximum, since there is no AGC action when weak siqpials 
which are below a predetermined level ore received. 
Assume that a signal is received ;:t.ict i s  of sufficient 
amplitude to overcome the .AGC delay volto?e. P e  pocit!v- 
AGC voltage ( p o s ~ t i v e  AGC volta?e i s  used ..,:ith PNP 
transistors, neqatwe vo!tcqe is use? :;ilk 1;PVC trilns1stbrs) 
d e v e l a p d  in the receiver detector i s  applie? to tt.e iunctlan 
of hios v o i t n q ~  livid?: Q, F1 ncd decrmses the fcr-=:? 
bios  applied to the eni t ter  basc j~nc t ion  of 0 1 .  Tt.e CCP- 
duction of Ql  decreases ,  i ~ s l l t i n l  in 3 1ecrense in  y 1 2  of 
the staqe. Decreased cor,dcction of 01 nlso results in a 
decrwse! volta7e drop acrrlss 35 i h i c t  11 ef fec t  ?e- 
c reases  the or1:inoi bcckk ics  spplie? ta  ?iia?c CP!. A; 
the strength c: t t c  i n r , > t  ;i,?c' ,.-rt.,2s;i ti,; 1-u.l of :ie 
P".". ,"l . -~,;"" .,-- "- ..-.I ...- .- -. ' ..L-- ' ------ ~ "--, 1,L.. . l.. .i ,,,..,. . . \.,iullr I , ~ ,  

conduction of (jl and a fcrt-?: ? ? c : ~ c ? ?  LC the :rcl:oae 
drop i c r o s s  25. ';her ti?i ; r i t m e  - rub  icross ?5 n~ iooler  
exceeds t i e  voitace +r:p JCrOSS 3i (t'b::: IS th? ?node C! 
?PI La^^."a- .... : .  ... .I-. .-.L-l., - . i  . -- . . ,  . . .,.l,. .... _li.. Y.. i ,  >LA,>,-1; -2- 

diode CR! is no locgir k:4 t i m e ? .  CP! tlpn c c r d x t s ,  
and provldes c lov: i-rpedorce (skcntj ~ t ' .  c r o ~ n d  IF 
amplifier s t a ~ e  Gl. I.luch of t h e l i  siqnal ~ e n e r a t ~ ?  Lr t i c  
converter s t age  i s  then sbwnte? around GI tb.rauqi 7 P 1  and 
C3 to grouni, providing add~t ionc l  AX 5;ticn (si<nc! re- 
ductior,). k m p o n e n t  values are us?laii-i chosen sc mat tie 
ouniliory dlade i s  back blcsrd ! o ~  a i l  rut  very stronq 
signals. 

FA1 LURE ANALYSIS. 
G-nerd. When makinq va!tor:e checks use o vacuum- 

!& .:cltmeter t c  a.:zi? :be 12,: .:3i..es ;! :..!:ir!:er :.si:t- 
a n c e  employed on the i o i  .ic!:a:e ronces oi thes tcsda rd  
20,000 oh,=-per-v~!t meter. 3- ::refd! ? ; o  t: cLse:,:i rr3- 
per polarity when i h e c ~ i n g  continuity w ~ t h  on ohmmeter, 
s ince  a forward b ias  tt,rou,:h any of the transistnr jwct ions 
will cause o fo l se  lavr resistcnse recdlno. 

NO output. NC 22t?.2t !TCE :'c c..Y:I:c~; 5 3 d c  .A.sr 
controlled amplifier x u i d  k csuse? 5; d e f e c t ~ v e  F::er 
supply voltoqe, defective tronslstor cr dl&, or by a 
defective circuit CP-ycr-n!. Cll~cli th? ?~.,'iii S~'C-F!V 

voltoge with a VTVM. If the t r anss to r  i s  not defective, 
a defective circuit component i s  mare 11keIy the c a s e  
of no output. An orpn emitter, base,  or cailector 
circuit,  or a shorted base sr collector c l rcul t ,  ;:-o;~ld renier  
Ql iroperctive 22.' r,c ojtp-! :.:c-I? :es;i:. '!'it5 :be ;c;c; 
:cmovcd, c h ~ !  the h i e  or,! c ~ l l e ~ t ~ i  i i i i l l i i ~  for o ~ i : i i l / . l ~  
st,ort !G 7zir,? .~t!.  2: >k,x.::.eter, ~ 1 ~ 1 2  c!~eck 22, 33, ?4, . - 
3rc .-.: (2: :?, c ~ ? .  !!kz :k~:k !'b,e sszcr .5a~;  :! T: 2:: thc 
p r ~ ~ ~ r y  of T2 far an open, i r 2  check Z2 ind C3 i o ~  a ws- 
sihle short.  A IP~PC!~VP aux!!inr,y ???in cr I cb.n?:e i? 
""I,,P nf -!r-.j:! :n-pRD".!s !F I C E  li::?!.! !I ,::,2TC : !- ', 
out ., ,,,." ,,,,. ~OLSET t k i r  a ij m:&t coniitlorr te exis:. 

LOW O U T ~ U ~ .  ii o ~ c ~ i i a t ! o n s  D C C U ~  i n  me cor.rroiiec 
stnqr r.. 1. 1 Q3.n. :h"7?!!.-!!1? : :c ;n ,  :b.ere 
could k excessive input tc !?P <P~FC!CI 3 ~ 2  (3e :pc:itc-.l 
o""-"<;,,o A",- ,,":,"""n."2,."-2 k.. .L- A -.--.-- -- . I 2  -,,--1 ".l- .,-- "I_.Yji r,""" ii.. "?  ".. "IIII."L _""II 

greatiy reiuce t i e  w i n  a! tie conrroiie; stooe couslnq 3 iow 
output concitioc 13 eY1st. C>s~!IIc:iox 'f this tvx ~sLc'!:. 
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result in  excessive receiver noise, in addition to low output. 
If an output sianol i s  present with no input applied to the . - . ~~ 

receiver, oscillations ore probably beinq produced interncll; 
through feedbcck and i t  ?,I!! jrobcS1y be necesszr9 t o  te;i.i.;; 
arily 4 i scxnec :  each s tcqe,  p r c c c d i n ~  hie detector, from 
i t s  coilector supply t o  iccate the osciiictinq s tcqc.  Im- 
p r o p r  power cupply voltnqe. I 4e!ec!ive tmcnsistor ~ i r  
~ d x i ! i ~ ~ y  d i d ? ,  or a deiective circuit c o i i ~ p o l ~ e l ~ i  w l ~ i ~ i ~  
alters the bios 2" e i t k r  t i e  nms:stcr c: c2xilic:v $ode 
could a l s o  cause a low output condition t o  exist.  Check 
the power supply voltage and adjust if necessary. 
Check the front t o  back mtio of the diode. If proper 
operation i s  not restored a defective circuit cornponenr 
i s  probobly the cause of low output. A c h m q e  in 
&:lc "due u; aiiilrr 8: uc 85 couii alter <he blos 
applied t o  auxiliary diode CR1, possibly cal;sir,; C P 1  t o  
conduct continuousiy, and r e a t l y  reduce the Dam ci  the 
controlled s toce for oil i n p ~ t  s i y a l  levels. A cllnnge in 
"due u i  elher ,?;, EL, ir .?i, x o u k  oiler u.e eEit:tr Lase 
bios o! Ql and could a l s c  r e h c e  t h e  qcin of the s toqe for 
o l l  input siqncl levels. ii C! opens, the resultinq deqen- 
e ra t im across  R4 could clso !o,.v?r the qaln a! the s tage.  
If C2 or C3 becorre leaky low output could also result.  All 
resistors should be checked for proper value with an ohm- 
meter and a l l  c a p c i t o r s  with on m ~ i r c u i t  camci tc i  c h e d e r  
if the trouble cannct c t h e x i s e  be iacsted. 

Distortad output. Some distortion may occur in .AGC 
controlled s tages ,  s ince  the input and output impedances 
vary a s  the gain of the stage i s  varied by the AGC circxit.  
' h e  condition may b e  especially noticeable or qllirL1.. 
varyin; 33 orlG jj;iO;j, j]';.e"e:, if diStOrtion is cOir;i:iYiyj 

an improperly operatinq circuit oi  a defective transistor 
usually is the cause. A resistive analysis, with the power 
removed, should reveal the component a t  fault. 

COLLECTOR VOLTAGE CONTROL CIRCUIT. 

APPLICATION. 
Collector voltaoe control AGC i s  one 9 e t h o i  o f  PGC 

csf i t r~!  lisf.' in trar.sistciizs?. receivers to kssp t1.e a t ~ ~ t  
level ielatively constort reqo:dIess of input sin-a! stre.n:<p. 
variations. 

CHARACTERISTICS. 
Automatic qain cu;:trc: is ;;i:lrvt.d by ;o;.ilnil 1k.e i a i -  

lector \'olaae aDpiied ~ ~ :2 37, ..-f .-2i:i:e: 217:. 
'?%en PNP tronsistors ,are lse!, t i -  2 3  -c:!-?t I::: . -. 
neq0tiYi. ;or 9;iX i ~ , 7 , , ; i ; i l ~ l ?  , ,  ,,c,<i!i,!w -,-,,- ,'!~,!!<:,..? 

is requned. 

CIRCUIT ANALYSIS. 
General. -Y Dower min  ci 3 cn--2: .?-:tter 3 r r : i -  

iier may he var1eC !Y? .vnN:rc t:P 1: ;~i i~,z:Cr ,1olto7e oi 
.kc "."r\;$ier T>,I -.:-- ?-"  :- ,L- i.-.:. : ' .  ..'. 

-..ll....-.. . ...- rl..l. _?.- .I -"-.I -I -"..-i.l. ""ii- 

a g e  cutonat,,? ;cm zcctri:. 3; ,a;pi;r,: .i.K ,vcitc:e t c  . . .  ' . . 3 I .I 
.,,w,c ,,., LL.,~~u~~,'u 4 . .  ;;I..=. LIC !I C:..iiitt ~ u l i r r l i  
IS varled *mitt in turn v,cr:-; !'-= ~c coliector c ' l r rer t .  
'Jcriotion <f ,<c z,zliectci -:-:::-e ::!:L .;,:!Ci the ,cr,>!l. 
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fier power gain) is accomplished by pss ing the dc collector 
current throuqh o series resistor in the collector circuit. An 
increase in dc collector current results in on increased 
voltoqe drop across this collector resistor, which lowers 
the collector valtaqeand the qain of the amplifier decreases. 
In the collector voltage control AGC system os in other AGC 
systems, over 011 receiver qain is moximum for weak siqnals 
and is decreased by AGC cctlon .,hen stronqer siqnals ore 
received, so  thot the receiver output remains fairly canstont. 

It i s  interestinq to note the similoritles and differences 
between emitter-current control and collector-voltooe cm-  
trol. Circuitwise they are quite s~milar, the major difference 
between them is the addition of o lorqe resistor in the col- 
lector circuit of the collector voitoqe control AGC circuit. 
In both circuits the AGC voltaqe is applied to the base of the 
transistor, however, each circuit uses a different polarity 
AGC voltage. The AGC voltaqe in the collectoi voltaqe 
controlled circuit is polarized so that it increases the for- 
ward bias a t  the emitter base junction, when o stronqer 
signal is received (as the carrier increases), thereby in- 
creasing conduction of the transistor. Thus, on increcsel 
voltage drop occurs acrms the collector resistor a s  the 
fomard bias increases the collector current, resultinq in a 
decrease of voltage at the collector. This decrease of 
collector voltoge, in turn, lowers thepower qain of the 
amplifier. 

In cmtrast, the AGC voltaoe opolied to the emitter 
current control AGC circuit, is of &ch a polarity a s  to 
decrease the forward bios at the emitter base junction, when 
a stronger signal (carrier) is received. As the forward bias 
is reduced, the conduction of the transistor decreoses. 
Since there is no lorqe series resistor in the collector cir- 
cuit of the current ccntrolled AGC circuit, the only re- 
sistance offered to the flow of collector current is the nor- 
mally low dc resistance of theoutput transformer; therefore, 
the collector voltaqe remains proctlcally constont despite the 
change of collector current. The qain of the omplifier, 
however, decreases since the emitter current decreases. 
Hence i t  is seen thot the current controlled AGC circuit 
operotes nwr the reqion of emitter current cutoff, while the 
voltage controlled AGC circuit operates near the limits of 
collector current saturation. As a result, trans~staized 
AGC circuits also usually used a stronq siqnal, shuntinq d e  
vice such as on ouxillory diode to secure effective AGC 
action wer  large ranges. 

Circuit Oprotion. Tne followinq schematic diaqram 
illustrates a typic01 collector voltaqe automotic qain can- 
trolled omplifier. 

Resistor R l  twether with resistor R2 forms a base 
bias voltage divider hetween sround and the neqotlve supplv, 
to furnish fixed fomard bias to the emitter base )unction 
of 91. Thenegotive AGC control voltaqe from 1b.e dectectar 
i s  applied to the base of 0 1  through decoupling resistor 53 
and bath R2 ond P3 ore bvpassed by Cl. Resistor 74, which 
is bywssed by capacitor C2 i s  a conventional emitter 
stabilization resistor, sometimes culled a "er.ittcr 
swamping" resistor, intended to prevent tronslstor o p r -  
otional chorocteristics from vowinq with chanqes in tem- 
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pmture. Collector voltoqe control is achieved by the 
addition of resistor R5 to the collector circuit of 01. Caw- 
citor C3 toqether with the primary of output transformer TI 
fonn a tuned output load for omplifim 01. Capacitor C4 in 
conjunction with collector voltaqe control resistor R5 also 
fans an i-f decouplinq network to prevent if energy from 
feeding back into the power supply. 

With no siqnol input the mnduction of 0 1  is determined 
by the fixed forward bias applied to the base of Q l  by base 
bias voltaqe divider R1, R2. There is no detector outp~t 
and hence no AGC voltage is developed. Tneqoin of the 
controlled staue is at o moximum since the voltaue drop 
across collector voltaqe resistor R5 is at o minimum and 
the voltaue applied to the collector of 0 1  is, therefore, moxi- 
mum. When o siqnal of sufficient strenqth to produce a 
detector AGC output larqe enouqh to overcome the AGC de- 
lay voltoqe is received on AGC control voltoqe is opplied to 
the base of controlled amplifier Ql .  The polarity of this 
voltaue is such a s  to innease the forward bias applied to 
the base of the tronsistor. In this case controlled omplifier 
Q1 is o PNP tronsistor and theAGC control voltaqe is,  of 
course, negative. Conduction of 0 1  is increased and the 
resultant collector voltoqe drop across R5 increases, re- 
ducinq the actual voltoqe applied to the collector of QI. 
and thereby reducinq the qoin of the omplifier. The receiver 
output remains relatively constant since o further in- 
crease in input siqnal strenqth tends to increase the AGC 
crntrol voltoge. This results in a further increase in con- 
duction of 0 1  and on inneosed voltoqe drop across R5. A s  
a consequence, the collector voltage of 0 1  decreases ard 
the gain of the controlled amplifier is,  again, lower&. 

Collector voltaqe cmtrol is not frequently used be- 
cause of the low value of collector voltage applied to the 
transistor. At lou, collector voltages the collector copo- 
citance is increased md consequently the alpha c,~toff 
frequenq is reduced, makinq the transistor a poor r-f or 
i-1 amplifier. 
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FAILURE AWLYSIS. 
Gon.ml. When makinq volmqe checks, use o vacuum 

t u b  voltmeter to avoid the la.* vall~es of multiplier resis- 
tance employed on the low-~choge miyes of I stacdar? 
20.000 chms p e r ~ d t  meter. Re careful also to observe 
proper polarity ,when checkinq continuity with an ohmmeter, 
since a forward bios throuqh any of tile transistor junctions ... <,I - , . e m "  '"1"- >m,.,.,...<"."""~.""A<-" 
...A. L""".. " ,-"L",".,LL ,.""L,.". 

Ne O ~ t p l t .  No output from the collector voitoqe cm- 
trolled ampliiier could be caused by defective power sup~ ly  
voltage, o defective transistor, or by o defective circuit 
comment. Check the power supply voltage. An open 
emitter, base, or coilecto: cirmit, or c shorted base 
or collector circuit would render C1 inoperative, and 

. , . Wkl, L L ~  ;;-;: :cEzcd, 

check the base and collector circuits with an ohm- 
meter for c prjsible short to ground. If the coi- 
lec ta  circuit appears to be shorted to ~ 0 u r . i .  cawcitor C4 
mcf be shorted or bL,e p~imayy cf 7 ;  zc+ k~ s k , ~ ~ t c +  :,: its 
case. Check the emitter on4 collector circtnts for a pos- 
sible open, pying particular ottertlon to R4 in the e-itter 
circuit, and R5 and theprimory of T1 in the collector cir- 
cuit. Check resistors Rl andPi  for proper value, since 
an open or short of either part wo~ld aiter the t ics  p p l i e l  
to Ql and drive '31 either heovily into sawratlor or :Eta 
cutof!. This condition wouid probably proll:ce il!tie nr cn 
output kom the controlled stace. If ccwcitorc? Secores 
shorted, the output slqnal would be shunted around trans- 
former T1 ond there would not be any output coupled to the 
follawinq stoqe. Impoper AGC control voltoqe ccused Sv a 
defect i:. the P.GC ?ctecm: circci:, csc!.' c l ~ c  c-.:ce 2 ' c -  
output condition to exist. ' h e  euisterce of t h s  concitior 
may be determined by nszsrlrinc th.e vo:t; :e jres-:.: :: :L? 
base of 0 1  with no siqnal applied to t k  receive:. 

La, O ~ t p l t .  A low output condition a u l d  be coused 
bv defective Down supplv wltaoe, o defect~ve tranwstor, , .  . ce:ec::.ie c::c-it cozponr~ts ,  or b>/ self ~s~il!ctic:. S ~ L C L  
self oscillation would result in cr. exc?ssllie detector inplt. 
it would also result in the qeneranon oi excessive AGC 
conuol voltage, and therefore col~ld mus? n low mltpot. 
Oscillations of this type usually 3153 resslt i ~ ,  excessive 
receiver noise in addition to h e  la-; c;t;ut. I! cn OG~F;: 

signai is present "v~tth no sirnol innut to the receiver, seif 
oscillotions ore probably be~nq crod~ced lnternolly throu,cb. 
feedback. If self oscillotions ore not the cause of !ow 
wtplt ,  check the pve i  suppiy vol t~qe with c L;-L , t ~ q , ,  -- t r  

sistance voltmeter. If proper operation is still not . .  . . 
restored, a defective ci:c~:t ;:I;c~o~: :s XCS: ::xi: .T? 

cause of low output. A i h n q e  ;n the volue of 31. ?,r J 
F4 wou!d a!ter the b!ns n r ~ l i e ?  tc th? Yse iw!ter :,Jnc!!nn 
zf Q1 c?.< !% c>Jtp>j! -7:!- PQ.~:it .  I! m- i t !~ :  'h"?c<- rnm- 

sitor C2 owned the resl;i;:n: 2ezenc;atian -mi? !we: th,c 
gal" or C i  ond a iow OUIPYI  ~ o l i i i  111~0 iesuit. Lo,:, out- 
2.t . N ~ I ~ ! +  I ~ C ?  r-c.~it l f  Ri ~ ~ C T P I ~ S P ~  in vni:le c x ~ r o  ?ha 

collector voltaqe applied to C1 -xould be ccrrespor2ir;l; 
:2&ced, 4. in cct@! t:o-sf5r-t.r T! ,ujc2!6 11s- re- 
duce h e  output w riG~er irtilninj tr.c U U ~ U ~  ton; v.i.;c:. 
consists ot i3 crd the prircrv ot T1, or ov red~cin? tbr 
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amount of siqnol coupled to the following stase. 
Dist0e.d Output. Since the input and output impedances 

of the amplifier vary as the qoin of the ~mplifiei is 
wried by P.GC, s0r.e 6istcrti.n is 1. k euwcted es:ecic!!y 
when suong sip.ols are received. Hawever, i! distcrtio~ is 
severe and continuoxs a irfective transistor, power suppiv, 
or circuit component pajably exists. nepower  supply ond 
the !;ac:istor s+,c-l? he ciecLc2. ^nil! dirtor:ion i ~ i ~ i d t ~ ,  
voltoge checks of the transistcr eiemerts should k mode 
with a VTVM to lccclize the trccble. Resistance n m s x e -  
ments ,with the power re-oved, m y  then be made to locate 
the fcuity c o r w r a t .  
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