
ELECTRONIC CIRCUITS NAVWIPS 

SECTION 11 

DETECTOR (DEMODULATION CIRCUITS) 

PART A. ELECTRON TUBE CIRCUITS 
AM DETECTORS. 

Detectsr circuits =re lcsd 10 rPmovP the modulation 
(i~ur~~initred intelli~&-,ce) boa  o :ccc>vcd I-f s i ~ n a l  m,d 
trcnsfer it back into i ts original form, so tho1 itmoy be 
used for listening, viewing, communication, or other pur- 
poses. The process of detection is also called dsnodula- 
tion, which should not be confused with the speciol methods 
used for reducing the percentage of moddotion. 

There are many methods of detection and many circuit 
7 . ' .  L _ _ _ I  :...-l^_^rl..l*<"* uuliuuiu:m. r:l L I I L ~  puruyurrl  vlrlr ril.r...uub 

detectors will be discussed. Other types of detectors ore 
discuss& later in this section. While the diode forms the 
basic detector, triodes (or other multielement electron 
... buuCdi i c', --- ivii ,.!sO u r  be [ij &trio addition;! om21i!ic~im~ 
or can be connected to operote as diodes. When triodes 
(or other types) are used, the detector circuits me divided 
into two general ciosses-grid detectors and plate detectors. 
Squarelowdetectors, smoll-signal detectors, large-signal 
detectors, or power detectors may be either grid or plote 
types. When detection occurs in the grid circuit, it is 
called detection; when it occurs in the plate circuit, 
it is called dsisction. Grid detectors ore usually 
small-signal detectors, and nearly olways hove o "square 
low" response, with the output varying as the square of the 
input voltaoe. This type of detection i s  characterized by 
extreme distortion (as high a s  25 percen!] at high percent- 
ages of modulation, in contrast to practically linear opera- 
rion for diodes or plate detectors. St~ictly speckin.;, fmm 
a technical standpoint every detector, whether considered 
lineor or not, produces a certain amount of distortion; how- 
ever, some circuits produce less than others. 

Generally spoking, small-signol detectors ore line- 
over a vev  small mnge of input voitoges, and, as rhe inpur 
increases, so does the distortion. On the other hand, plate 
detectors ore also linear when operating over small ranges 
or small omplit~des; but even though considered lineor, the 
tube grid-plate !:cnsfer charocteristic i s  never a perfectly 
stroicjht line. so that for large-siqnal inputs some distortion 
i s  produced. Lorgesignol detectors are called power de- 
:ecors. n e y  .re designed to handle lorge input signal 
-. a w L L I Y i  .:--- ... n ,,,, i . ~  -- l:+tl. ..l..i i i s l n r + i n n  I. .v...-..l nc ___ normi+cihlo ru___.__.._ ., and to p r p  
iiice large output ,voltcges copoble of drlvlng power ampli- 
fier tvhes directiy. The octual power involved i s  reloriveiy 
sma!l though being on the order oi niiliwotts; consequent~y, 
with the present day multipurpose tubes and teciiniques, 
!Le power detector i s  used mostiy lor specla purpose ow 
plicctions. In fact, with the present day trend to super- 
heterodvne ieceivers. h.hich !eed !he lame autpu: ?f t ie  :-f . . 
stages into the detector, most oi the hiqn-goin oetecto: 
circuits ore no ionoer used (or needed) and are supplanted 
t.y the +imp!? diode dptector. In the less mmolex types of 
receivers, however, the high-gain detectors me still fmred .  

The gribleok type detectors depend on the flow of yrid 
current ior their operation, and ore used where sensi:ivi:v 
:- --.- i - m r r m n r  thnn inrk ni Aistorrinn. Tne grid-biua .., ... ".b ....ru..-.. .. 
-erector (a is~i  i r l u w ~ i  ua ,:is iinour p:uro &;..ill, :>.: :.i~ 

ORIGINAL 

WO.OW.102 DETECTORS-AM 

finitsirnoodoncs dnsstor. etc) is used where 0 lorue output . . 
with low'distortion i s  needed. The heterodyne detector i s  
used for the reception of unmcduloted (CW) signals and for 
singlesideband &plicotions. The regmerati"e detector 
{which moy be grid or plote) i s  used where high sensitivity 
nrovided bv reaenerative feedback i s  desired, usuallv in . * 

two or threetube receivers. Tine super-regenerative detec  
tor, which gtilizer maximum rpapnerative feedback without 
producing oscillations, i s  used where the lock of gain in 
the stages preceding the detector makes i t s  use desirable. 
The outodyne detector i s  essentially o regenerative detec- 
tor with sufficient feedback to produce oscillation so thot 
it can be used for tinmodulated CW reception, a s  well a s  
AM reception. Eoch of these detectors will be rnore 
*i-.-, ,rhl,i  . . . ~ . - ~ y . . ,  - l i ~ r , > ~ c o A  ........ ~ in th- ~~.~ fnilnwinn nnrnrronhs. , . 
DIODE DETECTORS. 

APPLICATION. 
Diode detectors me used to remove the modulation from 

the received r-f carrier and convert it into the original in- 
telligence tronsmitted. These types of detectors are usually 
used in superheterodyne receivers, or in receivers suppiy- 
ina o laroe inout sianal to the detector. l l e v  sre also me? 

> - 
in test equipment where linear detection i s  required (pcrticul- 
orlv in vocuum-tube voltmeter o~plicationsl on2 as field . . 
strength indicators for transmitters. 

CHARACTERISTICS. 
Operotes linearly over a large ronge of input voltages. 
Has a reiativeiy mnstant input impedance chich is 

independent of the input voltage. 
Does not mplify the input signol. 
Distortion prduced for normal operotion i s  on the 

order of 1 to 2 percent. 

CIRCUIT ANALYSIS. 
G.nar.1. The idea: detector produces no distor:ion 

in the process of detection, and reproduces the modulation 
signal exactly as it was before modulation of the carrier. 
' f iere are three forms of distortion possible in the detection 
process, namely, amplitude, frequency, md phase distortioc. 
When extra ftequencies are developed in the demodulation 
process thot did not exist in the original moaiilotlon, tne 
result i s  a form of amplitude distortion. When the detector 
i s  more responsive to some frequencies thon to others, f r e  
quency distortion results. 'Ntan t t ~ t  i,t,ase ;ehxcns>.;?s 
between the maiulation irequencies aii chin~ed,  ;.h;;c 
alstoftion 1s prciuced. ?ne i i d e  aper;:ia~, @b;lc ;;;: 
sidered iinear, i s  not perfectly so; mat is, instead of a 
srraiynt iine relotlonshlp between <he in&[ m i  o,;p,l, 
the tube transfer charaneiistic i s  cu~ved, especioily ar 
1i.e low end. Triius, Cur solull aignulj i ~ r ,  tile o : i ~ i  cf ~ i l -  
livoits), a nonlhrar or distor!.3? o q u t  i5 obtiiie?. A_-t- 
uolly, ior smdl signals the diode operotes as a squarelaw 
detector; thot is, the output varies os the square of the 
input valtcoe. %Ius like the mid detector, which olsa 
operotes on c cxved transfer characteristic, the greater 
the pe:cen:cqe a! moddotion, the xeater the clstortion !c 
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struction md cannot be eliminated, the diode detector is 
usuallv operated with lorae inout voltaaes. In other words. . . - .  
it i s  used only after numerous stages of 1-1 or i-f amplifice 
tion, so that the simai to be demodulated is on the order 
of volts. It is evident that while a steady siqnol can be 
made to produce no distortion, a siqnol which varies in 
amplitude from zero to some maximum volue will produce 
o slight omount of distortion while operating nwr its zem 
volue, even with many stages of mplification. Hence the 
nominal rating 01 1 to 2 percent distortion for diode detec- 
tion. Finally, excessive capacitive readance shunting 
the detector load will cause a dropping of output at the 
high audio frequencies (obove 10 kc), producing o phase 
shift of the high frequencies as compared with the low and 
medium frequencies, and thereby causing distortion. Thus 
it is clwr thot, while the diode i s  considered the best of 
the large-signal detectors, it does produce some distortion. 

Since the diode i s  a twc-element electron tube, it 
operates essentially a s  o simple half-wave renifier, similar 
to the power rectifier used to suwlv plate wltaaes, exceDt .. . . > .  
that it operates ot radio frequencies rather than ot pwer-' 
line frequencies. Like the power rectifier, the diode detec- 
tor mus;alu, hove a filter (11) to minimize ripple mltage at 
the carrier frequency. Similarly, it produces a d-c output 
voltage, plus the audiofrequency modulation component. 
Since the detector supplies a voltaqe to the audio amplifier 
stages following it, full-wave rectiiier circuits are occa- 
sionally used to supply greater output with less filtering. 
For most applications, howevei, the simple half-wave 
rectifier connection i s  used because it requires fewer a m -  
ponents, i s  cheaper to produce, and has sufficient output 
for presentday audio stages. 

Although the diode mnsumes little power in the detec- 
tion process, it does ploce a load on the input stage; it i s  
usually considered to act as if it were a resistor of half 
the load-resistance volue, shunted across the input circuit. 
Normal efficiency rritings ore better than 80 percent, with 
90 percent being the rule rather than the exception. This 
i s  true becouse the loss in the diode i s  small, since the 
diode plate resistance i s  usually much less than the detec- 
tor lwd resistance. 

Circuit operation. Two forms of the basic mode cir- 
cuit are shown in the accompanying illustration, with cir- 
cuit A beina the most prevalent in use. Both diode circuits 
are identicol in operation, but circuit B offers on olternotive 
output connection (across capacitor Cj if desired, and, since 
the capacitor i s  in series with the input md the diode, it 
Prevents the low d-c resistance of the input transformer 
secondary from shunting the diode load at the signal fre- 
quency. 

For simplicity, the illustration shows an untuned input 
transformer; actually, in most modern receivers, bath the 
primary and secondary circuits ore tuned. Where high-0 
circuits with extreme selectivity are employed, some of the 
high-frequency sidebands ore removed by the narrow pass 
band; a s  o result, there i s  a lock of high-frequency response 
in the detector output. This effect, however, isnot inherent 
In the detector - it i s  due to poor design of the tuned cir- 
cuits. 

Basic operation consists of the charge and dischorge 
of the H-C circuit, which uses the ~ioltngn ?eve!opn? omoss 
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R to charge C to nearly the peak voltcqe of the input slgnal. 
'When the plote i s  positive with respect to the cathode, 
the diode mn2ucts and charges ccpccitor C. Since t h e  
is a small voltage drop in the diode between cothde and 
plote when conduction occurs, it i s  opporer: thot t'le maw- 
imam developed detector voltage can never be exoctly equal 
to the peak applied voltcge, but will depend dpon the ratio 
of load resistor R to the resistance o! the diode. There- 
fore, the detector eificiency can never reach 100 percent, 
though it does averoge around 90 percent. However, if C 
i s  tca lage,  its low rmnance in parallel with R will shunt 
the signal, cnd o lower output will result. Detector chorqe 
oction md dischorge cction are shown in the accompwyin? 
filure for the tone-modulated input waveform of A; B, C, 
ond D iliust.ate the charge and dischoiae of the capacitor. 
On each positive half-cycle of the radio-frewency signal, 
capacitor C charges :o a rnsximurn volue 3s determined by 
.L. . .... <,$c pcticnijqr ui ~iioduiuuon. Or: ecch ne2orlve halfsycle. 
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capucitor C discharges at a rote fixed by its circuit time 
constant. As shown in waveform B, the time mnstant i s  
too slow, and C cannot discharge fast enough to follow the 
modulation on the neqative swing before the next positive 
1-1 holf-cycle begins; consequently, the negative prtion of 
the modulation signd i s  effectively chopped off, w d  a dis- 
torted output results. The time scale i s  exaggerated to 
c;nvey thc i d s  more c!ear!y. h controat to the time con- 
stant just " .:-- --.-.--. -' -----. - , ue L,,,,C LU,,>,"L,L ", =A" !. c i s  
too fast, and the average output drops to a low value. Ex- 
ample D shows the effect of o proper time constant. it i s  
evident from the examples that either too fast or too slow o 
discharge rote (time constant) will distort the received- 
signal waveform. 

From part E of the figure, it i s  evident that the modulo- 
lion conslsts oi pulses ur lilr ~uliin ili.queiriy o-: :h~: LL,c 
amolitude is ~rowrtional to themodulation percentaqe. . . 
Also, it can te seen that at zero modulotion a carrier fre- 
a lenm voltaae exists which is proportional to the carrier . . 

7 . ,  
a :'n-s ,:toss 1s:: ies~::: r I: :L.;e+.sc! : 
J-: vo l lu r  fcr L~O.X!IZ .:ohL?ie ~~.!:31 .dse, w51& will 
be discussed more fully in a following pmagioph. It can 
also be seen that a carrier-frequency ripple will exist; that 
i s  eliminated by use of a low-pass filter (in oddition to the 
bvrxlssina action of C, whose reactance i s  small at the . . 
carrier frequency). 

From part E of the f i w e ,  it i s  also evident why the 
diode detknor con be considered os  a half-wave rktifier. 
For lineor operation and assuming perfect rectifimtion, the 
diode would mnduct only on the positive excursions of the 
--A..I-,;-- .,.,,,u..-.. etmnn ".,.. J, remn_kinr: Lqoprntive on the negative 

signal excursions. in this case, the positive excu~sions 
are the siqnal above the f. line, and the neqative excur- 
sions are the signal below the line. Thus, only the positive 
portion of the modulation signal i s  rectified, md  the output 
consists of pulses of current at the modulation frequency. 
These pulses of current are used to charge and discharge 
capacitor C and thereby produce the o d i o  output wltoge 
of part D, a s  explained previously. 

A typical diode detectcl circuit with on r-f filter i s  
illustrated in the following figure. The input trwsfomer 
(T3) has b t h  primary and secondary tuned for maximm 
selectivity. 

OUTPUT 

lNPUT 

R 1 

Typicri! Diode Detector 

ORIGINAL 
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7be r-f filter consists oi CI and I31 acting as a low- 
pass  filter arronnement assisted bv C2. Capacitor C2 
performs o dual function: in mnjunction with R 2  i t  con be 
considered to form o low-pass r-f filter, and it con dso  be 
considered as o straight byposs across load resistor R2. 
In either instance, however, it helps eliminate my r-f re- 
maining in the 1-1 carrier, and also develops on audio out- 
put voltoge in accordance with the average value of the 
diode lood current passing through lood resistor P2. 

Dssigm Considerations. When the plote of the dlade 
i s  more positive than the cathode, current flows, producing 
a voltage drop across load resistor R2 which follaws ti.e 
modulotion slgnol. Current flow on the pasitive signal 
swing is limited only of sofurofion, which normally does 
not occur even wllh very stronq siqnals at 100 percent 
modulation. As the modulation signal swi;!qs in the negative 
direction, the current flow diminishes until the nejotive 
peak is reached, where it agoin reverses ond increases 
(assuming o sinewave signal). On strong signals with 
high percentages of modulotion (over 75%), however, pmk 
clipping may occur. The clipping effect is produced by 
the inability of the diode to conduct when the plote b e  
comes neootive with respect to the cathode. Even with . . 
the unmoduloted carrier signal, noise effects produce con- 
duction in the diode and provide o small residual averooe 
d-c voltoge which makes the cothode positive with respect 
to the plote. Thus, on the negative peaks of the modulotion 
signal, with large signol swings and percentages of modulo- 
tion between 80 ond 100 percent, the output voltage is 
driven to zero, the extreme portions of the negative peaks 
ore clipped off, and the output voltage no longer follows 
the modulation signal. With improper design, this distortion 
con be os qreat os 10 to 12 percent; the practical diode 
detector, however, is not operated at levels which produce 
such excessive distortion, and a nominal volue of 1 to 2 
percent is maintained. 

The diode detector i s  also subject to a reduction of 
output ot the higher audio frequencies ( abve  10 kc) be- 
cause of the mpocitive shunting effect of C2 on lood re- 
sistor R. Note also thot when the reactance values of any 
of the detector bypass capacitors become low for the i r e  
quency of the modulation signol being detected, H I  and 
R2 ore effectively connected in parallel, reducing the lwd 
resistance and output voltage. The some effect holds true 
for the resistoncecaupled load of the amplifier stoqe fol- 
lowing the detector. When the reactance of the coupling 
capacitor bemmes a low-resistance path for the od ic  
siqnul, then the g id  input iesistcnce of the audio stage is 
effectively in parollel with both R l  a d  R2, md the reduc- 
tion in output v~ltoge i s  particularly noticeable ot high 
gain settings of the volume control. This o-c shunting of 
the diode load i s  token into consideration in the design, 
so  that normally no effect on operation is noticzd unless 
parts values have changed. 

FAILURE ANALYSIS. 
No Output. A no-output condition i s  usually limited 

to an open or short-circuited component or a defective diode. 
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With on open input transformer, stray copocitive couplin? 
may feed enough signal through to produce an output. 'With 
on open diode load resistor or a short-circuited bypass 
capacitor, however, no output will be obtained. Usually, 
a resistance anolysis riill quickly locate the defective 
component. 

L o r  Output. Luck of sufficient input signol will 
cause a low output, md could be due to poorly soldered 
(high-resistance) joints or to a defective input transformer, 
Low tube emission may also cause o ,weak output, although 
it usually shows up os o fading signal on o strong local 
stntion. An open lomi bypass copocitor will reduce the 
output, as only the average cwrent flow through the load 
resistor will now produce an output. A lack of r-I or i-f 
om~lificotion preceding the detector can also cause low 
outp~t ;  therefore, it is necesscry to isolate the detector by 
checking with a VTVM for adequate input and output. 
Since no amplification is produced in the diode detector, 
but the detection efficiency is high, an output indication 
lower than 10 percent of the input indication would be in- 
dicative of possible detector trouble. 

Distorted Output. Since d~ode detection i s  linear, 
a distorted output siqnol usuoliy indicates component 
changes. Amplitude distortion is a definite indication of 
noniinarity in the detector, provided that the input siqnal 
to the detgtor i s  linear. Lack of high audio frequency 
response would be directly troceoble to excessive s e l ~ -  
tivity, caused by regenerotion in the preceding i-1 stoges 
or to excessive capacitive shuntin? of the detector, porti- 
cularly in video applications. Distortion at high volume 
levels with a stronq, heavily modulated loccl slnnol would 
indicote normal peak-clipping effects. Poorly soldered 
(high-resistance) joints can be suspected when component 
values cnd tube emission ore normal. Fringe howl or a 
tendency toward oscillotion would indicote o lock of r-f 
iiltering. Because of the simplicity of the circuit, on 
oscilloscope waveform check should quickly locate the 
trouble. 

DIODE DETECTOR WITH AYC 

APPLICATION. 
The dlode detector with AVC is unlversolly used in 

broadcast, TV, communications iecelvers, ond other hmh- 
goln superheterodyne clrcults to piov~de autamatlc gain cr 
volume conlrci with detection, In o slngle tube or envelop. 

CHARACTERISTICS. 
Operates linearly over a large rmge of voltage. 
Input ~mpedance 2s relotivsly constont and inde~nden t  

of the Input voltoge. 
Does not amplify the input signol. 
hlaximun dlstoruon 1s of the order of 140-2 percent. 
AVC output voltage varies d~rectly wlth the amplitude of 

the Input carrler. 

CHANGE 1 
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CIRCUIT ANALYSIS. 
Gsne.01. The diode detector w ~ t h  AVC is ident~col  to the 

diode detector without AVC, except iar the c i ~ c u ~ t  ononge- 
lnents provldd for AVC takedff. D I S C U S S ~ O ~  of the o p e n -  
tlurt uf tile detecror i n  stripping-off the moduiatlan from the 
carrier is covered completely in the d i s c u s s ~ o n  o f  the 

... ..l.n....... .--1 .L.. ,.,, ,,,,L.u. =ui.lsr u u a  acihu18 ui die iiorldooak. R e  
reader shouid refer to the pevlous dlscusslan far proper 
b ikground  before prtieding with lhls d ~ s c u s s ~ o n .  

circuit Opsrofion. The  schematic of a typlcol d ~ o d e  de- 
tector orronged for AVC tokedff 1s shown in the accompany- 
~ n g  illustratlan. 
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1s to the grids of the preceding s t aqes  I! i s  clear that there 
must be no extraneous madulot~an or RF an this leod. 
Otherwlst,  bolt, the audio ond RF components could again 
b e  ampillled and re-detected cuusing distortion on.? un- 
wonted feedbock. 'Therefore, R1 and Cl and C2 are con- 
nected as o conventianol law-pass filter ir series with the 
current iiowlng tinrough R3. The output wovelorn a t  p i n t  4 
consis ts  of the d-c and r-f campanent as shown in the ac- 
compmymg woveform lliustrotion for on un-oduloted 
currier far e a s e  ot  discussion. The instontmeaus i-f 

Detector Voltoge R e l ~ t i o n r h i ~ s  

Diode Detector With AVC 

The  plate oi  \.'l !s connected to IF :nput transio:mei T l  and 
the coLiode is crounded. Reslsmi ii! ivtth capc!tnrs  C! 
ocd Ci' fo;i; law-pss  AF filters, wb.lle L'3 and R i  arc u x : o  
and decoupling fliterr. The a u d ~ a  vaitage is developed 
iiricss vlj1~11.c ~ a l ~ t z u l  Fij, "rid appiled through caup i~ng  ca- 
pocltoi CC to <he !iiilow!ng oud;s o:,tpil!ier stoges. 

.... 
wnen un-uduloted, the input ;or.slsts of a slngle fre- 

.%L 3 . .  ...ri.i:;:~d, :t.c i . . j " :  rr,lrl:ll "I Y b,~li i*i- 

rler f r eque~cy  plus oil upper ond lower sidehand con tamng  
, . -. 

e a t .  . nus  m c  hoae detector uutput always ...?..... ........ .->., -- ................ .....,...... ... ,~..-7"5 i?r-.rr;v il~2:-L1!~111cj :c 
[ " : ! b ,  T?:. !. :be \'z!!,~~$ . . . . . . .  ,:, ~, j j  ,,.n. .-, L, , ,  , ". ,".-- -, .-", .-.--. .- *L . . .  . .  , . . . . . . . . . . . . .  
a:oce ?ptpc!sr is c , ~ ~ s i i e i e ~  !a he o sinlpie bulf-w;vc ; c c ~  . . . .  . , ~. . (I .. ; . . . . . .  1 ,,.,, .. :-",. .. .. . .  

. . - -  ............ , " . . . . . . .  . . 
.c"yc-. ." .,.L -,.!;.",.L. .,:,el, " L  <.~!,,i"<l>, eAec:,u:n I,"'., ;> 
f roT, .PO T r , ~  .. <..! . ..:,-,- !<, ,- ,&,, "! -.,, .:... .- 

. 
. - -. , . . ~ ~ ,  

,?,2ry c",I of I!, !r<,~::!o.,,>-. ' T ,  Dl, 7r.d -3 !C : : z~?? .  ?.:: 
-.u::L::: :L.; :,,,uu~~, L:l ~ t u i u ~ e b  u r > q u u v e  voiwqe or 
pcmt A (wi::~!: ii :lit ,I;cY), a i i i  the AS'C ~ o l t ~ . ~ t .  I )  ~:e-  

, , 
vcwicu ~ c : Y ; ;  YO~U:: .C roritioi R i  01 point a. ~ i ! ~ s  ncqotlve 

J f  :k,c .::;: :,Xh 

carrier component is b y p o s e d  to ground por!io!ly by 
p,  1.1. Duiinr] t h ~  positive ,nnrtio" o! eocb co:::e: c j c l e  C2 is 
c h a r q d  through HI, and dur~ng  the negotive portlon of the 
corrier signal the capacitor tends to discharge. The  result 
is the heavy curve labelled Ea. The average value of pul- 
su t in j  voltage EDC i s  the actual AVC voltage. Slnce 
,L.-. . 8 .......... iuLau:ru:aa ULLU: ui :U&U i reqi lcnq iotes, !he efiec- 
tlve voltage variation between charge and dlschaige of the 
c a p ~ t i i  i s  so small a s  to be negligible. Recoil from the 
a b v e  dlscusslon that the rod~ lo t io r .  conpocwt  of the 
s l ~ o 1  1s OISO present, Ua,,vever, ,#her. modt,loied signols 
ore detected, these audio ripples are smoothed out by m- 
other low-pass filter consisting of Fii and C3. In this  in- 
s!..~.. !he VC!L~ of !he fi!:er t i r e  m n s t i ~ t  ore swh tilot 
ol;tpl;t vaitoqe Ea oppears as a s t r aqh t  line (pure DC). 
Tb.i tlme eonstan! o! R2 3rd C3 is made stificren!ly large 
so tnot it tokes Clare t h m  a single oudlo cycle to chorqe or 
iischaiqe. Although t h ~ s  increase of time cons tmt  p r e  
.vents on instantaneous change of AVC wltage  for an in- 
s tmtoneous cnanqe in  carrier level i t  1s u s u d l v  smisfoc- 
tory for most types of fading encountered. Particulorly, 
since decoupilng RC networks similor to R2 ond C3 ore 
i s 2  :::::::= 2 :  czc?, :UX 2 ~ :  ,:as~ciutd + ' I $ \ ,  h e  A';$? 
2 - 5  :?::C~CL :!.c c.!~--c::v.c ~ G : ~ L - ;  af 12 ,2112 C3. Tile i051 ............ ..: .. ..-r-.."';.'.'.i-l;r i j ;  ,.:,j,c a,I:iU",.. U! 

3 use is o h m n e d  by. maklng the vui8~r of C3 much ia.ver 
.L-. - ~. , , .> ,  .- ,." .... "..Y uac- ..> .>., L L L , u L , L ~ .  4L:a.C :,1e qr,,;> 91 [EL 

8-urllroile.: stuqes oc not ::row 3rl; current, there is r.3 flow 
. r  ....... ~, * b , G " ? L  3 -  - . L ~ .  . .  -. --..-... . .' ,,, . &, ' .,,," , ",, ?""! :'."'I!'.: 8 . .  .. . "...^P i , . . .  .-0 

-.Lp, aorn ^I.1- --" .. .. ,'. ".'- : --, ;: i,,,. "" ,... , . -r...,., ",> .. .?.= - " -  ..-..- c :kc;? 
15 no large voltaye crop, m d  the KC fliter can be (used 
wltrlout encounterlnq any iosse i  becnuse of excessi.ve cur- 
rent &om. The detected oudm or a-c com.pnent npmecrr 
3 7 ~ 0 4 ~  YC~II-OC coctroi P3 2p.d I; -;p!:eS tircugh ij;p!ini; 
;OF:"'"' ;:c t,, t-l.. c',.z!r alpi!j?el 5" -0  7- .  
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FAILURE ANALYSIS. 
No O",P",, L,:t.<'.: .;r, :.p:t s::-i ?> i::l,.:.F,: L".? 

asu3clcte.1 rece1,Fr U:,:J.t:, : :?i:.?: G: :SiiC:!.'C. ::31:- 

lonner, T I ,  2 ,!e~ect~,;c ~ 1 2  ~ e ,  '"'1, GT c sc : .  9: :.,:!: ::,rz-.:e= 
parts  ,,,ill r.;,li a - ' r a ~ t p u t  73!.:!:.;r. !.!e:; .:c t b . ~  ..-i:,z:~F 

to ground c t  c~olr:ti i z:: t?  t ti c r.7; :e:!;:x,re ,vg!::.e:e!. 
A n q a t l v c  voltaqe i t  I! ;;.; ;':,r:s !r;;!cl!rl clr-:c! t'L:c- 

tioninq. Lack c f  ;.cllc:? 7; :-:,. cpnln!: ir:!:,::;'? iiltne; 
. . 

lack of ar : ~ p ~ t  :,13rj 01 l: :ei+;:~!c ;onacre.!. ~ 1 . e  c 
VTVM o; n a s c ~ l ! c r a o c  !s ;e:er:rlre 1: ::r ! ~ , t  I: ~ : t - e - , t .  
With or, r-i ~ , ~ r , a l  72 thc > r ~ r . c ~ ,  , ::t -,c: ,GI: ::,F ..czsr :>:; . , 
T l  1s d e ~ e c t ~ . ~ e .  !f tkr  :eco~:.:-r; .::t ::i ,. ;. .:,. I c : . ~ r  
than the  pncc i j .  I/-c :x:cr. : r j  :!!!.:?.> ?.ee:z ><j-..:- 5r.t. 

, . 
When odjastlrr.,, l i  it still  ;!c!l?e: ; l::: o";;~t ;-: ,mei 
not respond to tr.t  3-1 ~s t~! :en t ,  T! :i .:e!;ct~.:t 'I.,: 5k.c ,:.: 
be  replucr? ?..I' 1 :la; t:xi;ar:: - r .  I f  ?!:t,er ?I, HZ, D3 
are oper ,  :::e ;cries C!!CLI: :.?I1 cc ?.ter:x;:~-: :n:! 7,:. C i C  
voltoqe wll  appear cl p ~ ! ! . : .  1: 01 6. I: R!  or -3 1.- sk,c;tc,: 
no AVC voltoqe ~ l l l  I- ~i-..el>;. i, lo:.?;=:, !: $ 2  1s zhcrt- 
e d  the  clrcalt i : l l  :ill! c se ra t i .  ! 1 .\'; - i c l t ~ : ~  
but no audia n ~ t p ' ~ ; ,  nt!r-r ; > . ; : ! . e  ~ ~ t i o l  E3 1 2  :.:-: :c..n, 
R3 1s defectl.;e, :r ;c,#.r~!l:~r :;53i.:3: G ~:ly ce CC~T. A. 
resistance c!ri.ck ;v!ll ,lit?:rvlr.e !! t i - tsr  p';rts or? r L r r  . i r  
'shorted. Ii C1 or C2 crc shorti.;, no A':: \oltzqe 3: :ctec- 
ted output :,.:I1 be o! t:!:,..:. ' . s e  'T. 3h:-retcr 12 ::ej:rl:~ 

the  r e s l s t m c e  to :I~LI:;, C: CT ~:.-;:r:~lt CUU-~:L:J::~ c / .R^~-  
er C1 and C2. i i  :;?c ;x.. ;cc :-;:l;:,~::cr;, .!lo!? ' I !  
must be ot ! a ~ l t ;  r e p l c c ~  I: ::]ti- ; rnc:nr ;an: :use. I f  p r e  
vious operatlo" i n i l i x r ; !  3 q i n e ~ x l  f 3 , I l r : :  o f i  I:., ! : ~ l ~ l r t ,  
the &ode could i 3 . e  ILPCI: :-:~:oc-! LC~C~-!LC:C:~. 71t :n- . . discriminate :epiac!n 61 elect:l;: t ~ i e s  31 I..- !IS 5171. 01 
troutle, .i.~thout ? ~ i  t:ol..:e, CO:.F.J.:,  st st ce ovolcpc. 

L o r  Output. .A Y.?,:!: , , . rL l  :,, :, ,;:, c,: ID,>: er.!??l"n 1". t:,: 
detector dm?c are ::i pi,:- i L Z ? ~ S C  i: I S :  3 r ip l l ,  cs  >.;?.I '15 
mistuninq o f  T i .  ?'.c cffi-;-:: c f  n,?: !ltr car a:so catst 
c ~ i c u l t  itahu-e :.:~!zk, re::ii l i e  c s t p ~ t .  Al t r~od~k~ 0 :l~;:t! 
c h m q e  ln ~1::. j,:i .;.. :I:: O;F i n ~ j  , :~ : ; e  0 C ~ ~ C ~ L C I :  sf 
output, it  a a s t  ~ i o h ~ l . ! ~  .$,:IL il  ! <d .- u.,,.uL.- -el  -, SIP,C? :'~r?.~?.q 
up the ~iuI~.rr!e :s.1! i:: ;.,:dl: :: i::,:: :Il: CJ:~JL! io ~ ~ P ; o I .  
If it  tecorre; ncciu:.:-; :L t-:t. t!,: . c . . :~ .~  smtio:  -:<CPS- 

sitively for c n,lc.:.n . . ~ n c l ,  f!rst chcck ti-e prerd!n,; c!rcJlt 
to be cert3ln isat  tit.; :!i oo?rat,.:: r;uoei.i ,ar! o:i rs: c t  
fault,  belor? trouoie-,;+ootin, : i :~  -i.,:c,.:~or. 

Distorted Output. If :k.? ,.;idez :: Q 3:) :  C? rh,3n,:e? 
s u i i i c ~ e n t l ~ ~  to p r o a c e  the - V T O ~ S  t r e  mnit l - : ,  e:t:ei t03 
fast  or too slaw, b s t o r t ~ o r  s c ~ l d  oc:~.r. Like-,.;se, I;  tne 
mlsslon o f  V1 is so low 3 5  nc! tc su?ply t r e  f1h11 p tok  clr- 
rent demand, i~stcr!!oc coused 5y clipping ~ . v ~ l l  olso cicur. 
Replace the dlct;? :*:ti. 3 kna,.+~ mod tube ond cneck the 
values o f  Clan;  Ci ':a12 an ir-cl::>Al! capocltonce checker. 
A c h o n e  i n  !!I? v3l,lrs ot  P i  3x5 C? f i l l 1  zr m c e  the attack 
time o f  the  AVC Imp D J ~  . . , I 1  n:.: narmc:ly cause dlstor!!on. 
However, I! T;3 S:.OU;: ::ijit-:!i~ ..!, t:ce !..:C .;o:tzce .a:osld 
be  qrounaed 041 n d  ::.= . : ~ : ? s  pre;e?ln: trle detector ;:wld 
operote a t  7,axinlurt svr,;ltl ;A?;, ;n:: protool j cler- 
Ioadlnq wl:. '-r.;eqlcfi: y.i:crt:.r:. 
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DIODE DETECTOR (WITH NOISE LIMITER). 

APPLICATION. 
The dlade detcctor .!. tr ncl:c l:::l!ter !c  nricll.; !used In 

rodiote!epb.one rKept rc r  tc pre\,er~t nr lce  po!re: frarr inqei- 
fennu wlth, or rarh!:n.~, ,:a>ce trn?:;n! :ions. 

CHARACTERISTICS. 
Operates linearly over II IT?? i :n7r of i~oltaqc. 
Input impedance i s  relotiveli constant and independent 

of the input !lollage. 
Does not c~p l i f . !  I r e  ,,:put r i~nn:. 
Noise peck. OIC C I I P U F ~ ~  . V + ~ O J I  e ~ ~ e s : i v e l h  !nrrc~sini: 

the distortion. 

CIRCUIT ANALYSIS. 
General. T ilc.!? .ic:rc:or ,:.ith poi:- llc!trr 1:- 

identical in op-r :t,sr.  ti the : ! > ! e  Cntector desrrlki! 
earlier i r  tkis 5--!lo:, 0: 1 . .  : :?,:?oc>, except fcr : - 
noise llmilln? ~ i r c  iltr.;. : i. ~ . ,.. ...I -, :.;xll refer 13 tl-e 
prevlaus discussicn f3r proper backyaund before proceeding 
w ~ t h  thjs disc,ssior. 

Both shunt cnd series P ,Des  o f  nois- l ~ m ~ t e r ;  cre 'JSC?. 

The series  I.;;:: conu:rucll; ,-.:-.:..ct; b t  :taps sar.,!uctlrl 
when o no1.i. crrl;.-s, : !~i  t-1r.c le:,;-.: c (:op :n tn- 
slqnal i n  p k c e  oi t i c  no i rc  pt~lse.  ;kc -!:,!fit type nolsc 
limiter cond:>ct:: a ~ . l y  s b v r  the rmse pr!lc? e r c e e , ! ~  a pre- 
determined b~c: In-;el, :i::rtlr,: the i7pm.t * O  i r r lmd ,  an? 
also len,:e; c ,;cid Ir: t l c  ; i ~ r a l .  Clrce tb,esr noise ptilses 
and consequer* .1ln31 !:clc: sre of short : ~ r a t i a n ,  ti.e in- 
teqrotinq effect ci ti.e ear on ti.e ~ollr,! minimizes Ibis 
effect. In mcst prortlcal n c l r v  !::;lttrs, 1b.e limiter ! J ~ C O P I ~ E  

eifectlve ot aro:nd ti:c e i p e r c e r t  m d j ! z t ~ a n  le,:el, so thct 
subsequent peck flcttenir: mnses s o x  dlstortlon 3 ~ 2  c 
sliqht l a s s  of s t l i lo  v o l : r i .  TI:e voice, l ~ o w ~ v ~ r .  :s ~:ndcr- 
stondoble thro,llt! b.ea.y r:oi;" i r t e r f e r e n c ,  ,:>hick n.oilld 
otherwise completi~l. ~ n s k  or qorkle tt.e intel l i ,xnce k l n n  
tronsrnitteS. 

Circuit Operotion. Tre s s h c r 3 t l c  o f  2 typi:al diode 
detector .-lt'r nclse  I l ~ l t a r r  is ~ iw*n ,  !n t t e  cc,~-,-; : r y l n g  
illustration. 

O i o d ~  '71 s the .ietect>r !lodp >:i.icl. rectifies tt:r Ir- 
put siqnal f r ~ r r  1-F tr:::. : ~ r  -r I!. !+s!stors 5: 22.: Fr2 
form i vclto-:r 3 1 ~ ) l i r  1 x . i  for i : ~  ::- :itector ':I, ~ V ~ C S S - I  
for PF b,; C1. ' 3 e  A'tcctsr ,;-It2 I: :opi:r!r, clcro-; F1 i s  
opplieo to the cnodc c f  .- ..i.s nc!i- ll:rlt;r '(3. ".-::star; 
RSord P6 forr: a 01:: v o l t ~ ~ i  2ivl.i.r fro!: : 3ep313tP 
neostlve s ~ ~ ~ p l v  tb :!o.lrli, :; s:>?a:; a I:\?+ 7 ~ 7 a : ~ ~ f  cutoff 
bics ta!ie cna in 3. :::,.rl ~ i c i l e  Ii1~1ter '.'?. 5es i l to r  56 :; 
bypassed bv c ,p;rl!cr ;l so thgt :n. Irstcntaneo.s voltcoe 
chmqe  i p p e l i l n  A! ti:? mode  c i  '.'? ::, l?ipn;:-e4tc -rrourc. 
Resistors P? P: t i l le t r i r  ,;1t1. ~ l p ~ i ! t o r s  Ci on! C'? 
form o lo,.v-p3:. :!lter OX 100: c : r ? ~ i t  5er1-r ';~c:e 'dl. 
Copacltor ic :: ti-: :~t-:!31 C L ~ P U !  cocpl im c i p o c i t ~ r .  

When on unrudm~lote: In;.>t s l l r : d  is apolie: to t::e 
primary of I 1  :rcrsfor;'ri 71. I - .  .--:mti3r. Y O ! ~ ~ : F  CPPFOIS 

across diode Y :  Jn :  '/. cc?.!:~ct::f,:r t r e  i ~ r , : t l r ; n  ci eocb, 
positive r-f p ~ l : ~ ,  r;.l?l,-: 3 {I.;. ;: ;.r:er! hi- tL.- 

CHANGE 2 
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C2 and 34 n:. ?.,I:: :3r -,5:? ;: t.? ".c,':a 5,>:-v, con- 
duction o! ? ic , i i  ; C  i; . - t c p p ~ .  :.-+ -: : : lo it oppeoir !a 
hole occurs I!> t:.- o,~tp.t . Ti,>- $ 1  - nr!ie r r .? ic  IS zhappe:! 
off the detector ,;o.eirr.. --.. , wc:8::" ;: -zz.rs !or st.,:t: 0 

sk~urr I I T . ~ ,  I & -  'z,.! :r~t,~~.tx : z  L::: v-  .:IT:! ,::;c.; :~nr ,x t~ce= .  

lNPVT 
When the nrl:- hti:r acctlr? for . 1-7 - !,erlqc c l  ; ! y e  or ::- 
2 :speti:;.<e LL<;,,[( c,,L.., ,: ,. ;,,\- : ~:;,,,?i ::t; b m  " . " t , ~ ~ , j .  

& I \  T For randox . trort nalse p':::-.- 11.5 t - r e  a! '* . ' ! tcr  :C fo1r1:~ 

- i 8 \ 

bb C4 
O U T P U T  
0 

Diode Detector With Noise Limiters 

effective. 
Kate olso that ~ ! c r  t!:~: n e x t l v e  nn:re bciists OCC..~, 

the neqative vol*c ji c! ;,r'lr.t A 1: ~ r ~ r p n - , . ,  -:. ? f i t  15 

fed bock 0 5  3: .A,. - ,:'.!I,> :c C!T:X t : , ~  :.;c:,~Il :efi:~t:.\,,:~ 

ofthereseivei  :.I!: J I I ~ I J P G ~ ~ : : ~ ~ )  !-:m..c, >wrt . - n q  7 

S O "  : l  : ,  . to . ! ! . ::::o: t" . . . .  ~. 3 .............. , .rur. .i.,-, . , ,  r r  . , ,  . ,  .I".IU * L , Y  CLI:.:CCie,: .....- ...... .. 
frorn po,,,t A I,, , , Y , , : ~ : .  :y.,r..:;li.d ;,- -,e!.7vL,!o . 4 : v C ,  . . m ~ + m - o  . ~ .  . , ~ ,  

... , . . . wkich o p p e i i  :,- . f ~ : ~ ? ,  ,.I! 2 .:, ::,JI:F~ ,-,: cr,: :.G ?OF.. 
,,eclea "cro:;.: t i , .  -?p,!r ,I. qen l ! !  . .  .;- -,!? 8 . .  i"'+.. '.' . . . 
Ln o noncon,duc:irt: sor':!::'<.. .'.i -:: ; r.e::a::ve nolse :,orst 
appems an.: 1 - ot s~ll!>rlir!! :rpl!t8!& tc : : : :c  +t r  -nt':rA . . ,i 

of \!:?,3;c : , , e ; ; , ; , ; c  '.L >-, t!c f;:e, : ,,.S.?,! :nn,:.;, , . --,. 
c a .  t v o l t  2 ! !  . 1. , !n:zi to 
qound .!1 " 2  an? r$:,!.-l..: ..F. '::.;-..-- .--. -. . , , - - 

. . . . . . . . . .  
and alla..;; t'-e ,nc!3~17nr~.:;  y j s e  hl::! .= bC I .  .-L --.-i .=,,. 

,,,,, i ,  I . ' , . , - :  : : , ;  .:.-.:;.., : . .  . . . . . . .  1 .  . . . . . . .  . . . . . . . . . .  
. . . .  

component p r o 2 . c ~ ~  .̂. , . :ct,;., :..-.;~n< relotl,,el,,, .,r. 
offectec.  ~ ~ a n s ~ i ~ t > e r l l : ,  !I,; . 1 :?1!7? toe: n,,! I;.- 

stantanrn~;!: I:.:-r-::i 'r: +i:io:e: 31:. 1; e!frctlvdy 
prevecteli !rcc <e?ers.'l::;? 1-e recii,~; : : , r ! ~ .  : in  l , ~ l S e  
L U I S ( ,  7:,;;;z0 -i -. . . - .  ..; ., . . . . . . . . .  '1, : G I - .  In..-.,.. 

t k  eoiso .-plk: iro-tic, :irr,l:l. ; . ] I ! . ,  -::. t r c  "..-? 

spike I., i i l :  -!lnlnnti.,:, t i . .  1 .  ...qa-~ ---I;. .--,,n ... 
.. ~ . ? !  ., , ! ,  , , :  .., -(:: tie {,v.:.p: -: ] > !  . - 2  . . . . .  . . . . . .  

. . .  
noise 1: cc:.sids;dL;> re..tt:e., ... I .. . . . . - I  ! : z::., .r :zz,- 
tlon, the :i .:t:s: if!?. -:  . I -  .. . . cq t i . ;  ii,t::'re.: c,:lia 
tpmnor"r!!,. r - .  -<. -  + . <  . . . . . I .  . . . . . . . .  . . . . . . . . .  .L. ....... 

. . . . . . . .  " 8 , , .,, : I .  L.:r:.;-: 2 no,;c . ' I '  "T^1"1  _!!'.c!. 
TLe ,..C -1 L .  ... "- .....,I : . 1  ! C '  . . .  ..:,:, :I!:< ,;:;. .", 
~ a ~ o l ~ ~ t ~ ; , ;  . ,r. ?;.: pro.:. '. . reft-; n,.. r c l l  ..-.-. 1 . -  .~~ i..n,- 

peiforr,arlci. 

FAILURE ANALYSIS. 

CHANGE 2 
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will r,ot r 3 r r c l i j  pic:.: 1 -c-c.t; .t ccr:.t:ur, .;a: !rzt-c2 
I p :  7 I .  :; .: c: !-':i-:tl.!i -.c:;i F ! T I ? ~ ~ ~ o T .  

Low Output. A pcrtlcl 3-1nt:r ! ?! t k  <e!?ctor o ~ t p ~ t  
. 

throuqh dlode '.'i ccr zcc .r I: . L !s 5-or!e.', i f  ti-c . n x -  
l ive  h a s  suppl-; i c l t i r e  i z i l s ,  !I  P C :  "t :r:r?e !n !glue, 
or if copccltor: :L, :;, cr C;$ cre ; . -c r  si:crt-,i :r ! e l ? .  
The copocltor:, 3 u  !.e check?'! irr ;tzrt; :!L either 3r 
ohmmeter c: r- Ir-c:.? i t  ~ ~ - . r c i t ~ c e  c',ecker, cn? tti. 
res is tors  can i;e <+?-;:?: :.:::, Jr "5 ,. ..'. . . C."' .. . . . a , *  . . :a . ,,,? r , 1.1 
defective, th r  o3to.t -:!I1 prcbg3!.. CC ,;-: :c:: 2nd 61s- 
torted, l epend i rq  upcr the strc,; c,=cr;ri!-.rce I-. :r i circ':!t. 

Distorted Output. 31nce !I! nrlr~:I 3~cr?tlo:, the  noise 
limiter effectivell,  rlir!?a!e: 3 noi:,e S L ~ ~ C I ,  !t L E  evi'!ent 
that the o u t p ~ ~ t  ,<vavcicr :,:I! :!:.?y; be :liferent tt .ar tb.e 
input woveforrr to a ce r t z i r  ir!ent.  T h -  7 ?!,:ktlh djs- 
torted output ..ill a.::!lccllv 01: I,:: be cS!c:rol .  7.:- Ic- 
qree of the dis t r r t l rn  i c a e r ; ! ~  )!PC? I ? ?  ?esl.;r o f  t i e  clr- 
N i t .  TLle~ret iccl l . r ,  tb .c  1:-lter iti.:lS o p e r t ~  only on 
noise  pulses  .,which c:e !?i?er Ir. cnrplitude t t . 7 ~  the siqnol, 
however, most proctlcc! -:ICLIIIS 5t31t operatillc c t  &!:t 
t h e  85 percent modclat!on lcvcl. iience soye peck clia- 
ping of the s iGn3'  2:; ~:11: ccas:s 32:: r3uscs ,<li:s:tlcr 3n 

the  modulation peaks. In normol operation, a sliqht amount 
of distortion will be noticed and the strength of the output 
s i m a l  will drop notlceablv when the noise limiters ore 
acGvated. ~ o l l o w  the signal through the circult with on 
osci l loscope m d  notice where the distortion occurs. Fur- 
ther res is tance checks of the o s s x i a t e d  ports with an 
Dhmmeter will usually locote the defective part. 

GRIDLEAK DETECTOR. 

APPLICATION. 
The grid-leak detectcr  is used i n  simple tiio-or-thret. 

tube receivers, il:ch cs the reqenerctive tyoe. 9 rce  this  
type of detector is pcrticulnrlv %sceptib!e !z o,.,erlaad a r d  
distortlon ot hiqb. levels  of nodu!aticn, it i s  never used in 
modern hlqhqoin supeihe:ercdv~.e receivers. 

CHARACTERISTICS. 
I s  self-biased hy a grid-leak. 
Provides good sensitivity with increased siqnal ocin. 
Operotes a s  a squore-low detector for s m d l  siqnols 

and a s  o linear detector for I c r x  sionals. 
Is subiect to overload and blockinr e f f e c t s  on s t ro ra  

signals. 
Alt1,ouoh it o rad l~ces  o relativelv !3:anr outoct val:a7c 

than other comporoble A!.! detectors, it is subject to more 
distortion. 

CIRCUIT ANALYSIS. 
Gsncr.1. The orid-leak detector, basically, uses  c 

triode electron tube, and i s  considere3 to operote similorl; 
to a diode detector with !be cdded ;~dvortcqe of triode 
mpli t icot ion.  Althoug'l pentodes have been ,,see to ?re  
vide additional !be triode wltL I low plate v o l t o x  i s  
usually preferred Secoisc of a reduction i r  tm~be noise and 
distortlor. In operotion, tk:e grid or? ;arhu;ie o i  tie 
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tilode opercte 51-ilr::!.! t; tke , : n ~ . -  ;...! 1-17tlclc 3: tke 
conventional c!cr!- ce t i r to r  : !~:CI:-F? prs-;ioc;li ir :i.is 
sectlon of 1t.e F:ri5cck:. ?k 2- >!a: ~rc.i,:c-.: c.: . ,.or- - 
rier rectillcot.or, ir i ! :.-!-p:..? ~ ~ r j ~ i l z t : ~ ?  :pp?~r 
ocross  o r  RC n e t , ~ c r k  incv:r ,c: t ' . i  iri-I-:', - r e  1-F 
modulation a p p e s s  ir. cil,il!:!ci !err i;t::r plute of the 
tricde. Since t!e detectlor ocr,.r.- ,r tt.e "ri! C I I C , : . ~  i t  is 
known as qrid detection. ic.cquec tLe ,ie.!tlcr,c? ? r i l  bias 
is automotlcollv contrcllei h,: t'-:e :.;rr.rr -::.plit'.?e, !be 
grid-leak detector ope:ztes over ; .:.l<e r l n c  5' Inrut 
voltage. On weok signals  it apercte: .eLr ?rc ilcs or:,! 
u s e s  the curved lower pc r t i a .  o! !/i qr~d-c~~rrcn: ,  112- 
voltoqe cb.arocteristic to pro..,iie cn o ~ t r u t  nilcb. vorles a s  
t h e  squore of t i e  input s lqncl ,  3 rd  1s k n o i ,  c; ran-lineor 
[squore-lo..:) ocerctlcn. F3r !oi:t  : ~ i ~ n l i  and lor le  self- 
bios  it operates o:.er ti-? lin-3r p o r t i o ~  of the thorccteristic 
curve. \hihen overloaded b , ~  e a r ~ x e l y  stran.: siqnols, t i e  
bias reaches cutoff anc m n d ~ c t l o n  occ~:r: !or or ly  oort of 
t h e  cycle, and tb.e peak: 3:e clippe,?, creo!>nl excessive 

distortlon. The !!ct~lt.! nperJ!ion 5: t:z!r .IE!~C:?I un?e: 
different conditions i s  disc.:sred i n  t1.c Ic!!~s!nl pcro- 
graphs. 

circuit operotion. The sc'-.enotic oi 1 ti.oical arid- 
leak detector 1.: sho..~n i n  t i e  cccompcrvino i l l ~ s t r r t ~ o r .  

OUTPUT 

Basic (Series) Grid-Leak Detector 

The  r-! !nplit i s  opplie? ttrouah r-! troni!nrcer T i ,  and 
theqrid-leak netnork c o n s i r t ! r l  of ?I c n i  il ?re connectet' 
in ser ies  .wth the ,712 of ' , i  cnd :Le cu :p~ t  of T! secon- 
dary, while the cc t tode  i s  ?:a!ndcd. In t!,e plate circult,  
resistor P2 i s  1 %  plgte l a a t ,  and r s  i ~ a l 7 : e d  f r x  the ! c t e  

CHANGE 2 
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1-1 COmPCIFnt ?: i!C 5-- . .  ..: . . . . . . . . .  1-t- :: -: -L,-. -7. -. ? - * * 
also byp3sr.: - . .- .b ..? , ., .,..: , , . ;.. ,, . . I c c i t ~ r  11, :':-: :, ::,-,I! 
enauqh t o  act 0; c -5ilr1: :r.: t L -  i-t ,c1111-. ,:<lt:::e crpe,;:- 

-. 
ing in the p h t e  arcu!! i. t -.ot tb.e -3;  .17t!:'r:. .!.>:: 2>!.: 

- .  
the  cr.p!?!~-.? 7.c: .!-tior: oppecr: 1 I:- -; 1-1.: :?::.:!or r.. 
and i s  obr!!cii . . !o t. t - !!p .t t i r c  . ! ~ 

IL!!:~, : :: ~! cl:tc 
voltoqe blockiv: cuv;i?!cr Zc. 

In the ai:.ser.cc ci srl I: L ' S J ~  - i  :ns:l, ' ' I  I:. ion!:;:- 
biase? by ~ ~ d - l c ; I  re. : -::: I- I, :rJ opr::ti:  :-:: zi;n 

bias. i n  this con6ltiar.  3:!k 1 :a!! r c * i ~ t i < !  :: halt a 
P] L\. .:iii,: f! -.:, ... ,: .,i.-.>.. L.--,-. .b,? , / .  . ,. . >, , . A 1 ,  

neqctiuc. >!I:; '.'! : -  I-  n pc:.tlnr r r  r~;rc;C :- in.- 
p s i t i h e  on4 np-:!! P - ! -PO! ,!::.-:!:?! !Y r : l !  :! :-.:! 
detw,,nn. T)-P ""mrr pr.. -,*-. . .̂-c.rr- , I 1  .t.. r... 

demonstrates r.r:. '.e :r:::-:t.rc. i: t:.i,:rl: cllrrt::t ,vennc 
3id iL-.̂ , , ......... ' 1  1. .-... . ~-.! ......-... ..... 
and procuces an~.pl>ilc3tion <:wt!. ,:!start],:?.. 

I Ic 

h a l l  Signal Detection Charocterirticr 

n. ~i -...- ;. ,In . I , .  .*.-*.-- ... L". ,:* . .. : -  
.,d -,." . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , , -  

-.o"?ne ," "-..,.*.-? ..... ". ," .. - .  .- *." ... -. . . . . . . . . .  -. . . . . .  
g ?. . . . . . . . . . . . . . . . . . . . . . . . . . .  .... . . .  . . . . . . . .  

to1 Ll i s  ct,ar;c: 7.c .::.,>;., -,xi:.: : .  : .TI" . :.:-,2. 
On the neqotl:r r r i r '  - : I ,  : .., i rIlr-i.8.1 'lo:, . s  I P  ~IICP? orl 
the capaclrri - .,!.., -'-lr..:.~ i +,I. ,,.- -L ..- - r , -  .,-. 
cathode resistonce wh!ch is IWCT !Lm the high res i s t z t ce  
grid-ImL. LC. ; L: t1.c :.,r..:urL c! t ! , ~  .r.d :ku:,.c- 

. . ter is t ic  C'ITVe, ,born-,I. . ." D I - , I - . r - -  7r' ' ? r - q  ,I". 'pa 

negative excursicn;. 9,- IF^::?, : s l w l y  inc~ei ls inq 
=.,eroqe cl!,i,,! !: CF !ie i."rl! r".il!l"!ln?. 

. . 
r ises ,  and tit? : I s r u l e  :ilJ i , ~ : r = t  fi!; ,!:herl !be snr!; 
modulatlan r-r..,:p- : -  zvnl-t:r-:r- .:t. n-- i-.,on 

- , . . 
e ~ v e l o o e .  .::: .:E.:I~C:: 7 I-I::!!.;~ .!zi:?7. :CTC ; .- !. 

which :.crlez clt t t i  x d i o  r-!i qi  ti:? ro?,~l;ti:c ~ r c ~ r ?  the 
neqative 510s le:,c! prcr!'.cr.? 5.; ' ' ?  c-n;tzrt 3-.pI!t,?e 
carrier ~ ~ J ~ S P S .  J i ~ c e  tr.e TI! 3.f , '  ; cortroi; :IE z y r l ~ t l o n  
and plote current of ::i trlodc, 1:- ckcn le  ci 7r:l .:pltcye 
produced by the i e t e c t d  siqncl coases on identicol but 
onplifled plcte i - : . : r~r t  !I . i t .  :I n .  . t l i i  plcte -~::-cct 
varies i n  accar:cEc2 . .  ', . - - .  I .. ... . . .  : , ~ n ,  o :I-;!xi L .t 
m p l i i i e d  voltaqe 1s cc.:~l:y: icr;:: ply:? la+ r;sirtlr 
R2. nls is 11.. . .  .... :.<, ."l*..-c .:: .-... . .., ........ h c i -  i: ;ccple:i 

signal ore effective in causing grid current flow. In this  
condition the detector opeiatlcn 15 similzr to c h c l f - ~ a v e  
rect?!?er, -"d Qaerctec 2 r  - ! :"c l :  "c:cc!cr. '!'I-. m-.. ....... .,, . 
signal euc\a:lnrs prod,~ce 7 r y c t : . r  rlt3:i. 3crons t t e  
..'A IF& t,. -'-.-,-- " .. ..:-. .L- .......... _l..". , . . . . . . . . . . . . . . . . .  . . , L  ,. ....... 

-. , signcl e : : c ~ r ~ ~ ~ : . s  t :.2 ;= -:. -. t.cc;s ','I ::,rv~r;- 

tive s o  that the tube operctes ior o half cycle or less. + 
cause rnoxlmun rnaduloticn pecks proi:lce m m t x n u a  ncm- 
t ive q r i d ~ o l t ~  ,e, !;,,te ,:,2rrer,t c , f  ';; :: !e,;,j,:.:: , I , ! : ; , :  
wdulot ion.  Ihe recuctlor o! clote c l r r i c t  ?:curs at 3r 
audio rote onc pro?ur:;s 3 corre.;pcri:n~ o ' ~ ? l o  oxpu t .  As 
the  current thmllqb e t w t n r  ns>+p:! lnc4 rpr i - ter  :2 re?,lCc9, 
t h e m l t o q e  ocross  i t  crd :l.r c : t r  :I r i s r c ,  :: :i.c:.:? 17 tL? 
wweform; il1us::;tc.i ;n :LC ;:~.o:p:n.;iij ii:iri Z! i i r 7 t  
signal d ~ t e c t l n n  ciorort-r~~t~--. 

The llneor qrld dm-c:nr r 11-r knoiin a: 7 ~ r i l - l e a k  
dc te  7 -  ,L" -..-,I 1 -. ." .., L,.,L a,, a,%-.> L . , ,:;i.!i;, .. , '..I. ruk 

di.t&.iOi ti,? o,,tp,,;  ,.,, ~ J ; , .  ... , , I :  , , :  . . .  , , I : : , -  . ,  . . . .  . . I ; . .  

greatly distortel.  :l.e:ti.:t, !-: .; ;:JV+;~: ~~:!a.:;.. c:, .:c 
sre@,er ,,-. ",' .Ai"to.t,". :., " ....... > ..-.. .: . " . . " , ,  . , . ,  , . , , .. , .. :; ::- 
leak values or? iriuceri to rrrverlt P X C ~ F S ~ , J ~  ;~::t:,rt?o.:, 
zq6 the izn2t si z7,z cc,i !LC 2?:.-c!*r r!7t?,;-!:77- <;- :n. 
ne2Ee! !zcrc.::-p ;:-.*-. - . . . . . .  ." 3 " , ! .  " 1 . . . . . . . .  ..-. ~- . . 
siqnol prndttcez o?t.rotlo. n':i.r . Irir.lt.r r , ! r , ~ +  ,vcl:a-- 
swinq, procucin? c lrpcter ?;:tput :.oltme wit; l e i s  -:P-n!! 
d i s t ~ t i a r , ,  

In operotLon, 1b.e r l c r  .:!!icrence Sere.:.- (7.c I!.- 
. , iypm ul l ~ i c ~ i u ; ;  i; ~ i . i ~ l i l ~ :  t: . ->, i>~! ~!,e I:, J L - ~ ,  ::!;i, 

powertietector 311d DS!CC!I?I C Y . : ~ : :  s~;f!~,-:~ntl: rr-z!i,:t. 
tho1 the !!ow a!.:!: - . , ? - :~ t  :: -!7rrc?fc: t: F -- :. c: r--:!Tr, 

a! tht, ns:,!i-i :..!I y r ] t .  : ,,.!!!!: !!,: L" .,*!! !,!* : :;: ::::!* 
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Lergc Signal Detection Choractcrirtics 

of carrier ~v~:ltn7e, :n:! ,:~rv'rt !:j.:; c-!:lr :FF 1:le :r:d c z p z a -  
tor negolively. Curirc 1% ::evt nc::ti,;e holf cycle, some 
of th i s  occu~r: loted c h o r ~ e  IF+: cfl ti-rau-i !! c I:!?-leok - 
resistor (whl ,?~ IS ci:r.:, z t : :  : -,.:s ' ~ , l , ,  ,::. ::, .?c!m!:!~c! 
during t h e  next pcritl . ,e s-in:. Tb:: -r:< current :In 5nlv 
flow for o small portlor cf the cc.!tl,:c ::clc. In tlc r;,:nll- 
signal grid detector, bov;e,,er, in:. c i r r e r t  !la..ir conti-#:.-1:s- 
ly, s ince  the qrld 1s reve: :men ~ 2 f i i c i e n t l y  neqntlve 
t o  reduce qrid current ilci- to zerz. .,'n?cr t: .ere conditions, 
the charge an the qri:  c ~ p ; c ~ t o r  I P ~ ~ F  l f f  t l . r o ~ . ~ t .  t t e  ~ r -  
ternal qrid-toxothode resl;'mce. ,!;I !ci 1; .l.ct lower 
than the high , ; n I ~ e  cz  ,?:l : n i : :  :?:: .. , -r . ... '"2 .. In t i c ,  

large sign01 power Jetect3r t F ~ i ? - t o - ~ : t ~ l ' ? e  reslstnncf 
is procticolly inf i r i te  dl:rin: r -0. - t  ci  the cycle  :because 
grid current i s  cut of!). O p ~ r l t l ~ r  3!  b t l :  i ~ t e c t o r s  i ?  
essent ia l ly  the sonr or  ,!.a:r i n  t ' i  ,.:.:eiar: illo-trztlnn 
for the sr .a l i  5:r:?:l Ltn:!,;, . > : - . ' ~ t  ti:! f l t  111 I J:-~!L:u?P 
of the large sijno! detector i s  greater, and the grid current 
cut-off point correspar<: t ~ .  the , 1 3 1 1 ~  o f  !,1(17 d~:elopfC i.: 
the  c a n i e r  slnnol. ' , ' , ' h ~ r ~ ; :  IT t h -  :--dl c~?r.:l ?cte,ztor :! .- 
grid b ias  i s  ol::c~- !? is  ti on -:ri!-r:trr?rt c:toff. 

As in d l  electron ti:'% zryl! i l?r- ,  1:" pl:te-current, 
grid-voltage chorocter ls t~c curve 1s linear op to the p i n t  
where sotwct lar  bewr i .  Sc tL'ct 'mt' the  !c-er on? lpper 
regions of operctlon orc cm.~r.;~:.. I! !'-.e : I :~c  s i m i l  mwer 
detector i s  irl.;en ;fiicierlt!;, t i -  !,ed a r t L ~  -!pper 
portion of tt.e c ' x v e  ;:i!l 3!so c.-(::i pI3te ~ , i ~ t i f l e c ! i c r  t: 
occw.  T!,us second on? t h l d  c r rc - !c  ?~z!l-r!ion ccc- 

panents rw~ll !t nrcdu?-! :: : :- - ::err:ll :ete:!cr Cistortion 
will increcsc. It i s  c l -c  necc-.::-qr., :-,ct t i e  ct3rrle 3rd 
dischar?e of ti-e ,jrlri-!e?i i c l l ~ :  : : e  si:q:I ~5pl l tqlCe 
during 1ai.e i l ~ n c l  :rt=ctior, otL,cr..l:e, blockin7 old ? i s  
tortion will occur. Alti. proper cL3!ce of ~ r i ? - l ~ s L  c o n s t m t s  
(whici  is lob- r ic :  :? :o: : : . : : 7 ,  .r: :r a'i'1131e F I ~ t i  

voltage which does not exzeed tube ratings, the distortion 
can  be kept to lo., vcl Jes d r c i t  equlvclent to 1h3t of the 
diode detector. If tt.r !npgt i n n c l  i s  reduced to c very 
small value, the lor.:e s i x 0 1  p i e r  detector merely operotes 
o s  o small-siznal.  snuxela: . :  d ~ t c c t o r  .with o low O U ~ D U ~  . . .  
and t h e  advontoqes of power detection a re  1051. 

The schernotic of a W;lical shirt :rid-leak detector i s  
shown in the occonp3rylnq illustration. Components are 
syrntolized identical to, and operate exactly c s  explained 
fo r the  se r i e s  qrid-leok detector discussed o b v e .  This 
circuit i s  qenerolly used for tb.e power type detector be- 
c a u s e  sllght advantages ore claimed for ovoidlnq blockins 
effects .  The shunt g r ~ d  reslstor p rov~des  more laadinq on 
the  tuned r-f input circuit. however, and produces o reduc- 
tion in selectivity. 

Shunt Grid-Leak Detector 

FAILURE ANALYSIS. 
NO output. An open or shorted i r : ;  or plate  ciicult,  a 

defect ive tube, or cn open couplinq c a ~ 3 = i t o r ,  CC, C O ~ C O U S ~  

l o s s  of output. hlccrure the plote supply ond plate  valtaqe 
with a high tes is t rmce volmeter. Norm01 plate voltaqe 
indicates  tho! lood resistor P i  and the RFC me pro5cbli. 
sot isfactow ond that C2 I S  not shorted. Apply 3 r!,odulate? 
signal from o siqnal generctor to the input terninols  of r-f 
tronsformer 71. L s e  a :'TV>.l, electronic voltmeter cr 3n 

oscillosc-ipe ( ~ t  must offer hl7t1 inpedonce 53 cz nj t  to 
lood or disturb the circgit operctior) connectel  Setween 
grid ondqround, to d e t e r m e  i! tt.e input sl:ral produces o 
slight neqa t lv ib ios  ond i! 3 si,:-.rol i s  present. If no smnal 
i s  present, T I  i s  defective. If  the detected signal con be 
observed in the grid clrcuit but not in the plate circuit, V1 
is defective. If the s i jna l  i s  present in both n i d  and plate 
c i rcui ts  but no output exis ts ,  check coupling capacitor Cc 
far on open circuit. (Use an inxircm~it copac i tmce  checker). 
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L o r  Output. Lo;, s l i t i  boltoar, 2 :tiec:lve tube or too 
weok on input .will eoct c a u s e  3 iel,:ce? o , ! t p ~ t .  TLe>wenl: 
input signal moy occl:r 5ec3 ICP :~' rr?c:f::;n-r 7 1  1s n n t  

tuned toresonance. If TI ":ill not t : n e  tn rPsnnnnce, 
either the signol frequency i s  out o f  i m ~  3r T i  1s !eft.c- 
live. 'When in doubt, ooolv c rnod~latpc input frcrr r; lorn1 
+iy~o!qenermor on? nate !hot the Z:T.S!  peck^ in :n:;n;;:; 
as the  resonance polnt of T I  i s  rencllo?. :! !ilk nc-llrs bllt 
t h e  desired siqnal i s  s t i l l  weok, additlonol r-f onpl i f~cat ion 
or c better ontenno ore reauired. If !h.e siqna! ceremtor 
cannot produce a stronc output, tk.e detector IS prah:blv ct 
foult. Ch-k the platevol tace of Vi: if the plate .;n!to,= 
i s  norrnol, either 'dl i s  rieiective oi  c u t ~ - t  ai!plin-; capcci- .̂ . r-:" 1--L.. *.--. *:-11.. -.-- ' L  . 7.. 

-.- .- .--., I. y".U I.., " pL,,. ,, ,,," &21YLC *YI%Y,C 

is not normal but i s  Icsve? t h n  usual, P2 rnq k.a"e chcnled 
volne, the r!c m l y  '+ovedevelopeo o b13b rec l s tmce ,  or C> 
moy b e  leaky or rhorte?. 1 ' - F  ir n k - r e t o r  t r  r i s k  the 
r e j i s t o c i i  of r2 u!!.: ( i  :. :::-:, and che.ec:< t i e  ;r;;s;3n;e ci 
C2 to qround. P e c l ~ e  :?;! y r t  u:hict t-s 3 r e r i ~ t r c e  
higher or lower than ti-at specified in thetecknicol manual 
i a t t h e  equipment. If the detector s e e m s  to b e  operoble but . ~ 

t h e  receiver output i s  lo.;:, i t  i s  p s s i b l e  that the a id io  
s t ages  followinq the detector ore otfaul t ,  and not ti-e detec- 
tor circuits.  To check the mjdio s to res .  use  on c d ~ c  
signcl generctor and j p p h  i t  t; t h e  o,itput s toqe plate, 
then to theqrid and nate  li tile siqnal increases. Fallow 
this  procedure bock tothe detector t o  locate  the defective 
audio stcqe. 

D I S ~ Q C ? ~  nn?pnt. Fvcescive dis tc i t inc ca: hi 2:si::ct-? 
by o chcnqe 1- t i e  iozsr i l r ts  oi the jr~d-leuk netnom, Sv 
too hiqh a p l n e  voltaqe, or as a result of law emission 
from V1. If  r ep lac~nq  1t.e tube wti ;  o knownqmt  one d o ~ s  
not eliminate the d~stor t ion,  check the plote voltooe ,with c 
hiqh resistance voltceter. If the  plclte voltoqe i s  norrc:, 
check the volue of 91 and C I with on ohu~mete: and copaci- 
tonce checker. If the~r id - i eak  caxponentr  are within 
to le rmce  value ond distortion s t i l l  occurs, it i s  possible  
that the lnput silna! i s  too stronc m d  overloodinq i s  caus- 
ing the disturtior.. I: 1s ~ l s o  possible  thct T i  i s  only tuned 
n w r  r e s o r m c e  2nd trt s ! i e b ~ ~ ? 5  3:s !:er; ~ l i ~ j ~ : ! .  TXC -. 
I lproperly,  and reiuce thc in;l::t ri;na!, ii possible. 

PLATE DETECTOR 

APPLICATION. 
The plsie d e t z t c r  iz -;s: i n  t::~!! :cc?::.::~ 2: z 

, . %we: !c!nc!?:. I! :: .:.;:I. .:: :..:.. < . ! ;xi. ," 
supply o !mge oudio ojtp-1. \:tile i t  c a i  k .sed i n  tile 

. ~. ZO~?::. z~~C:~,E:L:C~::,., .: <G;m;2-: "6 .. . ,drp; ,  

slmpie A,<< voltoqe. .k!li, 11 is usoaliy aorc econmicci 
m i  sm,p!c: tc x;c 2 ,;,i;, ,;<:, ,-I,??. '3- :.;kt:. ,-.et-<!G: 

is, howesJer, 1; ,,:c :! ;.tk- v .~.,.',CL,.,> 2-.--*-. LA:.L:t -:.. ' Lr :  ' 

vacuum tuDe vcltce:Frs i n n  %..!lor tcst equl6::lert. 

CHARACTERISTICS. 
Moy usre:ti .er rclf-or f i ~ e r : . - t ~ c ~  !~e!!-i.ict 1; -9s: 

prevalent). 
c..".,;A," ",.",: ?*--.... - .... "-2 "--; ; . ." ..I-I ._"" ..... ,, " i. ,-.i ".lib .> ,,., ", *"A,,. 
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Operates os o llnear detector far Iw?? ~!,::!ds. 
Is normally operated with l o q e  inpxt .:IYx!: 3s o 

power detectgr. 
Distort?oc i s  mnsiderei? tohe  sli~!;!!~; 1ecrt::cn that . . 

of thegrid-leck detector, wd rot  %!ter f ? ~ ~ : t : : c  I I C ? ~  
detector. 

CIRCUIT ANALYSIS. 
Gener.1. The plote detector ~ s u a l l y  operotes clos; E, 

that i s ,  i t  i s  hosed tc plate cmrrert ,:>!off, and !or tti: 
condition it operotes n; 3 1n1~:t s i a o d  lineor detector. 
'When used far  s-PA! rl:rrls, cr CE :?e ?e:ector 3! c .;zcm~;-- 
tube volt;;ete; it cfierri:?: c:: the I o + ~ r  c 87.. :I sr. 'f ~ l n r  

,, k bicsed r u n r  chor~crp:tr!:r~ ~ n ?  ; r  ,c i , - i i i rp ii.:: ,-P!PC.T- 

In the plate  detector there i s  no rectiiic3ti?r of the siqnol 
in the ;':' ":"I, 'Y :.,? :.! : .;:,,, . ::::,;: - :,,?. - .  .t ,- ,;-- -. - 
voltage tc vaiy t t e  1 -k ,  ;!a!r -;;;rc;:, ; :Z? ;C:C:  k:! ::.,:!i- 
f icanon on: i e t t i l l a r .  . .I!IC:LU., ,c: ,c: ~ : ~ t !  : I!. -3 

plote detector k;cds+ ;:,I, o:;t ;I;; . j : ! ,e  .,i:r.cl ' the 
positive partlon) cooie?, ! b ~  t'.b- tn ?cnd':cl, '!:~!Ic 
negative portlor ~ e n c i c :  !:110,: cm!!,.if ,:I.! !:cs r:o ,:!!-ct. 
Thus the plate otjtout w r i e s  ir c,:cordance !.;it) !! L r-i 
envelope of the modulated corner n: sb.a-:n in  the occoroa-  
w i n s  wave!orn 12: !:nccr 3c:c::;;r.. T:c m ~ r ?  1:;: :E- 

lector operates over bctk tne posltlve cn6 niactl;i .varl- 

otions o f  the mpct :qr .nl .  & c m x  O! 1k.e cuixotwe of ti.e 
tube es/ip do :oc tc r i s t~c  !r- ::.1:l ! n p ~ ~ :  ?!2r.cls, , c ~  
amplified but C ~ c t o r t t i  p l c t t  r1itp.l: rts.llt ~. 7t.e lurclt 
nno;,;,,n -.;i - .  ;"" -., I ., . .. .. . -. .-... r r r"" ..... ,<.,.. . ....,,, : ,.,... , > ,  . ,. ... . , ,  L:- 
the s r , d i e r  neqctlve r,:<ls.1. ; l u ?  r:ir c\.er':le oiltput !r 

. . 
grecter during rn0du:ctl;r. ti.:: .,:t!.c it r,c~:io:ion, ::. sk.c;:r, 
in the occompanyln? i v ~ : ~ r t ~  rr : I : !  -tr:t::.. 

* EC 4 
I 

Linear Operatton 

CHANCE 2 
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I M A X  

Square Law Operation 

Since the output var ies  as th,e s o w r e  of t!.e inout 
signal, a t  100 percent ~ c a d : ~ l c t ~ o r t i - c r c x r i r .  l l s tcr t ian 
can be as hnh  as i: perC?nt. Operati?: ai ,? Ilnecr detector 
the distortion i s  consldercbly l e s s ,  2 -  I c w  ci the s!mal  i s  
s tmnq enoulh to keep i t  !mm operotlnl in the lo,:!ci c:>rvcd 
portion of the tube chorocter lc t~c,  cnr! r ~ :  so laroe or to 
include operotion a m  t5.e upper ccr..,e! prr t ior .  lia::cvcr, 
s ince the es/ ip  chnrocteristic cmrvn c!  !! triz?e i r  rever 
perfectly stroirht hut hos a sli?t:t!v ;o:I.P? np?ccrcnce, 
there i s  qreater basic  distortion 15-r i n  tL.? t.oIf-,>:3-:.~ ~ ! Q ? c  
detector. 

Circuit Operation. The scbc:!3t!c o! 3 tvplccl pi-t- 
detector is shcwn in ti.e iccamc;rylrl il!:rrir~::on. 

Transformer T l  1s the r-i i qp .~ .  t r a r ! o r ~ ~ r ,  ::ith t t . ~  
transformer secar?;ry tune? ';.; 1: L Cct!.n<e hl.? I S  o i  
tained from PI and CL. T t -  DIG!? lo:? PL, I S  kypcs:ii? 
for r-f by C3. :he orlta !t I; a p n c ~ t i ~ ! ~ - ~ l v  c r ~ o l p ?  tilra:nh 
cc. 

With no s i p 3  cpplled, tile 7verwe  Llics r rod,~ced 9 y  
cothode currert ilo:: ti rc:l:l P 1 t.olds ti;? r r i i  to p!cte 
current cut  off. :!!i:oc':h spcker  o! os altof! i i c s ,  the 
tube is cctuollv hospi t3 p r ~ j t c t c ' i  cutoff, ss s!~.wn i r  the 
acconponylnq ill.:-!ict:on. [See sectlo? 2, pa:oorop:l 2.21 
in this  handbook !or n d e t u l e d  ennl,znntion of cctbodc 
bias.) Tt.erefore, lc,otlvc ma:! sl :riel r x c  irrion; occur 
over the curved portion r ~ n !  ?rsri::ct 50-e ; l~?Lt  isto:t:cn. 
Fcr f~ l l l  linear cper?t:en o :i.po::ti :n 'I-:b.cr fixedbia; i ?  
olways applle? cnd the cc;rple:e n-,:otl.;e e.xi.ision of thc 
input siqnol i s  ?llminc!e6 i !k  r c:r:eq ! j r !  ;ciuc!.o:r o! 
overcll d~s tc r t io r .  

\+hen on i rp~ : t  s i ~ n o l  i r  rpcl :e i ,  :kc 9 3 . i t : ~ c  portmn gi  
the siqnal increa.-c. *..c : r l i  -;-It?:?, 3" :be d o t e  c:-rent 
of Vl follmvs, I!'.. :IS?. T- .c I:,? -I>!+ ..T:P!D~- of ' . ' I  
cons i s t s  of p l r c :  c! 7t;rrcnt z' the Irp,:' t r r :  e ~ z y ,  :'.osn 
peak volues t ioce cut c c :r.:= .,:,.lc', .:r:e: r.vcctl\; os tilc 

Plate Detector 

* I M A X .  

G R I D  V O L T A G E  

P L A T E  
C U R R E N T  

S T A T  l C 
P L A T E  

C U R R E N T  
T 
I 
I 

I G R I D  V O L T A G E  
I 

I I 

C U T - O F F  E~ I 
P R O J E C T E D  

C U T - O F F  

Detector Operotion Chorocterirtic 

modulated r-f. Thus theaudio frequency component of 
plate  current develops 3 sirnllar plate voltoqe output wove- 
form across  the plate lood resistor R2 of opposite polor- 
ity or phase. Thus at the peak of current, the plate ond 
output voltage i s  a minimm, while at the minlrnum volue 
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of plate  current tt:e o:>tput vol tare  i s  -;cxir.\~m. Ccpocitor 
C3 bypossesony r-f ,which migt.t cppear on the plote of V! 
after rectification, to ovoid feedback throurlh the plate to 
qrid capacity couslnq oec i l lo t~on  or unwcnted Sects. In 
some instances, C 3 m q  be b w s s s e z  toqrc:m6 lnsteod of 
to the  cothode, this i s  u s u l l y  l anc  in receivers operatirq 
oi <,,e :,iqi,er ,<,,I~CI icec,,,er,c.ieh. 

Normally, no qrid current i s  drnlin and the plnte detn-- 
tor offers onextreaely hqh input i rnpdonce w ~ t h  p r u c t ~ c o i l ~  
no input loadinq. Since the input circuit 1s co! landec 
down, a slight lnprovemert 1". s p l e c t ~ v l t j  is ~~i l .c! ly  a t  
served over that of the md- leak  ?etec!-;r. If. !:a-:ever, tirs 
input i s  lmqe enouqh to draw qrir! clrrent is icnolexceeds 
L!e blcs), c?::ioncl ;::: :.:t.::.-,~ : ;::::r.c,! :?,, c z ; : ~  
'... .-.. . . . . .: --; .L. .", ". ,. " vy.. ?" .,.,,,. -~ ~ . . <  ~ , . L  -.."~" &,&.." ,.-, U,," ~... 
lowered q i d  input i::,peGcnce 0:s:) redllces the s e l e c t ~ : ~ t v ,  
so t),ot tt,e ovcia!) ., Y <  , . l l , , . , , .  .' ".......,"i , -  ,. !,.;:c: !i 3r, :a: t L r  ,--:A , , ~  ,,,,.- 
ieokdrtector. 

FAILURE ANALYSIS. 
NO Output. .b. o j i r  i:F-t GI o c t ~ t  c~Ic;~:, ir ;: ?efn:- 

tive t u k ,  oc -.cl: 7- I 1 7 k - i  E ! Z ~ C  UOI!D:C, ,xi!! CLCC -; 

n w u t p u t  condition. Check t'he p l ~ t e  supply and plote 
volto"e wit5 n t i l t .  r e s i s t n ~ c i  ?olt-reter. No output ~ l t t :  0 

norm01 suppi! voltcl )e, h i t  4 t h  r>n r r l o t ~  v d t r . ~  indi:.ntps 
tho1 plate !ooc resls1:r iji : ,uy be a w n ,  or tnot l y 2 a s s  
c a p a i t o r  C 3 i s  st.crtei.  Check t h e  resistance of Ri..vitt~ 
the plate voltn:e of!, grid c-,eck C3:vitb an irrcircuit ccpz- 
c i t a c e  chec ia .  i f  ;.l;t? ;.;l:l,qe i s  nor-ilol but no o , ~ t p u t  . . ~ - 2  .~ .~ ~ ~ ~ , , - ~  .---.. , . r - . . : . . - ~ : . ~ .  . ,. , . , , , ,  , , . > T  J, . ,~ - : , , , ,,,- , ,  , , ,, .- -" ? - . ,- .- . . 
that on l n p ~ t  ;~7n(ll exist; o n t i e  n l d  oi  \il. if 11 does  
and no olltput exist:, ci:hir catb,n.od~ resistor F l  i s  open or 
V l  is defective. Zneck the 010s voitoge across  R l  with a 
voltmeter. Slnce bios bypass n p n c i t o r  C2 m v  be shorted, 
i t  i s  usually simpler to measure the resis tance of R1. If 
the resis tonce ocross  R1 i s  zero, then C2 is shorted. If R l  
i s  h f i n i t e  i t  i s  c ~ c .  A l s ~ . ,  do  ~ o t  neqlect the possibilily 
of a shorted secondary winding or tuning copocitm C1. 

L o r  Output. 1:- pisti. ~ol!oqe, c ir!ectivc tube. 
or o srnoli i n p ~ t  51q110f X I I I  produce a low output. Check 
the supply vsltocc :::I- c ~ , r l t c e t e r .  i! r o r r a l ,  ci.eck t5e 
plate  voltaqe of ';I; IOWPI [ ton norma1voIto~e onthe plate 
,nc,cotes tnot .-L 7,::s ::',-:cK.'P? ,r. : > l ' i - ,  ::: 1:,2t '57 aE7,:r- 
ma1 plote current exists. Check tb.e :,olto?e k t r i e e r  
cathode onii ,ro~jnii, if it is r o r ~ o l  o: s l i rht ly  lo.,; r5crk F2 

the p.* .~ ... ... .. ... 
,uVe, ,C,I~LJ,L.K A u e  iwi*, pl=:e .gok=a~ at:). 

: . -  -.:" ".- .. ,> ..,,,,,,, ,, ,. ,A ;, .,,, ,,,ei 1; iessr,ai,ie G !c# 
O"t~"1 ca-, J;SG X C U ~ .  1: T: primar, 1s " S K ,  z ;.czk c";~ 
put s i m o l  may s t i l i  be obtained if there 1s sufllcient 
capciuvt ; a ~ ~ i n ; ~  ir~n-crl pzimury s s i u n d ~ ~ ~ ~ ,  >r iv 

V1 grid. In this cose,  while C l  will tune through reso- 
nance there w!!l no1 br he nomai lo r l e  bul1.i up !!i rwtp.>t 
signal a s  h e  iesonanr p m t  i s  p s s e d .  i! T1 ;s defec:;ve, 
a resistonce ono!vs!s con be made wlth on ohmmeter to 
verify i f  the windinas ore open, but there i s  o!so the 
possibility of I; short a i c a i :  or leokoge across m c  of 
U,ese windings. T i  determine i! T i  i s  a: !a,::, t e m p -  
roiily d: .-.- ..' .' : rr,u,~nn, ,, i.u., '!i mA?i ;xi c;nnti: t ic i i lwt  

CHANGE 2 

0967-OOC-0120 DETECTORS 

signal through on i s o l o t ~ n j  capacitor direct to V l  grid. 
A lmge increase in s ~ g n o l  indicates that T 1  must te 
defective. The output of c xadulcted sl2nol ,:enerator . . 
tunea to n? :-put i:?q-enci ccz 25 2sii to supply 3r. 1np.t 
direcuy tothe qrid of '.'i, l i  3 kno.::n rt:onq loccl sl7nol is 
not avoilchle.' If tttc o ~ t p s ~ t  517rd i / ' t o i i e i  - ~n this  case 

, . . , >  , , sr,iI i s  WeUK, "t, ,  ,,,,.r"<,sv:< r", s,~:v,,,.~,., :"TeTl , . ,e :,eT,? 

rator output i s  applied to the plate circuit, Cdbe \ii is a t  
fault. Where oil signols fade in ond out and tie output i s  
low, V! 1s \usually ot fzult becct?se ci lo.:, e r l s s ion .  

Distortion. Sirce t h e  is nor r l l lv  socc ?!;tartlon f ro r  
the linecr detector, pc::ic~!crly cr rtr3-7 zi::::!:: c !.~t 
percentaaes o f  modm;lotlon, them !-a" ::e o r e  o u i ~ t  os  lo  
whetner c r  not the distor1,an IS ;or:il 0: c:<ii;::.i. :,>,?r 

d;*t~rtiar,  ,a > " > ~ e c t e i ,  L L c h  ti.= :;GI= " ~ ; t c ~ e  
cathode bios  with o .:olt-n~ti=r. Annorr l l  vo l tow?  lndlcntr 

that the detector is przkahly m f i ~ l t .  I f ,  Lwievei, i: i; 

iound that t\>n!no ,: i oil--,inotps t1.e ,ii~torri: ,r ,  or rihr i. 
on lyex l s t s  on extrexely strcl: ;lria!.. :-.e ~€t?c:c: I 
most likely perfornlnrl norrnaliv. ;,?en !be cls1oit:cn con- 
tinual;sly occurs ..;it!. c;tt:c: ::c3k or :,tr:~~; :~:na!s t t -  . . detect-. . s  --....,- I . .  -. '- :. . - .  ..". ... .- 

d l  :. , . ~ > I .  . L r L ~  . . . . . . , . . . , . d .  ,. 

strong fadin? exls ts  i t  1s p o s s ~ b l e  that S D ~ P C ~ ~ V P  fndinj  i s  
ohasina out  some of the sidebmd freol~encies  and cousino 

INFINITE IMPEDANCE DETECTOR 

,* ,-,.... 
I T T L I C A I I V R .  -  he i r f i r l t e  r .oc23ncc  .:i.:irtcr I.: ::e;  I,: t m e l  : c a o  
freclaencv r-i:irivur- TI erc IPS: :~:to;tiac t ' c ,  tPr:t . :3- 
pliec by tLe rcn.ipr::-.rnl <,l i t -  ..!--t-.r - :.: !r-,~:, .:.I: 
no qclr  tb~c.:? the <U:CJ::: ;:z:i c;- kc :-I;::!?!. !!?, 

light lgc6inc e::?rt. :::.rprgi.e rers:!!,:l!: snd select!.!!?. 

CHARACTERISTICS. 
Urcr. sel!-?ics, x! rcn  Gef:xn:l-!.j;;f?, :! !i::i:e-?. . . .  
Pravldes 4ood i t r . s . t l v ~ t ~ ,  ..!tl re,: .:-: i~s to r t lon .  
Operctes a; 3 I~ne?: ;:ti,-:.:: !or lzr?? s i i r z l s .  
Is normal!; 3~i i rc t?_.  cr 1 , :::!?:. DC':!?I %tertcr.  

?he cathode o u t p ~ t  c r r r t l n ?  pr-.:-nts any I a r y  lrcrens? 
o! gain. 

Presents  a VFV b i l l  01 , . , l ~ ~ ! t i .  1-rl?. cr.?i. :i. t i  lnnlit 
s i w n l .  

CIRCUIT ANALYSIS. 
. . .:-. .. ' ,-. , .  .. .,. - . .~ 

I" ott,er texts .:i 1 i!=t:-c'-r :i?c,.:.: - i  t i  i n r i e  
vci,,e ;;" .r,lPil: .,. .-,, . -. .. . -  . t . I  ..- - .  .+. 

-jc,")r ,.*. + ' .  . . , - . , . . . . . - -  - .  -- i t  

d p i  " . . ... . . . . ,  . . . . .. . ,  , , . ~ . ~  
cc,l"n thrcll-" ..., 1, .. :::-'.. <, .. : I . .  . . . , -  . . , . I  . .... . , 
and cirriii... -.< . " L .  '." "<-. -- 2 n.m- *-r-  . . . . . .  PL. . .. .. . . . .; .. . . rhehncir ,,,f,r,,* ,~.?,-6mr~ ;P,P?,C~ : .P': ,> ?,.,?"s-a? .. . , 
plcte Load t- -"L,c\.c ;... :L.. - . : .  . .L'. .i i. , , ... . .I:. . , .. .-., ., 
corblneC :-? uc.;lrr-. ,,.< . . .  . ., .. I...:. . :,-.*:!!c. !:; ,!!<< 

. .  , , . . " - .  - .. . . - ' .- -in ~~~.~ ... ~ 
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Detection Chorocterirtics 

plote and cothode voltclgci cr ls t  A:,- : 'lTV:.l tc check tt.e 
grid input voltane. I! no iric si:nd voltcqe i s  found, mike 
certain that C l  i s  s e t  to ti:e proper fret:, :?nc,j 131 tb,e d e  
s:redi 7r,:! s;7y,c !, :-< ;! .:;!! ?,; :?:;: ?\,,- ,. * ?  ,..; ?!??k '! 1 
for continuity wlth :E otmze!er. !! :n ir?::! ;i:rc! ex?.-:; 
on the q r i2  o f  ','I, ct .:, t , :,,J~::T, , :::,!c I ,  - "C t ,  . ,A- 
certoin it  is not open : .;e on i r - i i i e i i t  c~pac i ;once  
c k k e r ) .  

LOW Output. A weak input slqnol :on couse a low . . .  
^ ...-,.. i in.\. -,--. -- .,,kc ........ ::,. "",."" ".."*." '",.,"" " .. ,Y. .."".". ...... .....-._, ."...,." ._.li,li 

on all s icnals  and a low outpot. Lo,:, plate \zol!n?e will 
a lso couse c reduced outout. 2b.eck the olcte  znd cathode 
bigs v o ! t ~ n e ~ .  If  !he :!c!e '!cI!e~e i s  !nw wi!h c c o r c d  
suppli val tcje ,  :t& DL !c; :n : - : :msel  :c;ic!;rcc 
..., .. > ,-3 '-. .--. :.-I!.. .L -..- 2 * . , - - I  .. -" A <  ..-- vuluc "ni *a ,"a rnilulir ar l rLLcu "I ,crny L~~L,,,~,,. I! 
the r-fhild- h ! : ~  l i  i n . ?  ; I  -n-  bqsr. ri-qnnpr' ~ ~ 1 . ~  1-7 
rnmj be leakin? and s i ~ r t i n c  P I  -itt  o low valrie of r e  
sistop,ze, :: ','; ;;<te :,-::.::,: :.:f :,* b~,:"se 2: Is.;: 
ernissio", ,CP.K~ 81 w!;l, ,7r1 c+::t~ne!er ,~lrl ,3 C2 f m  hktxje. 

, , A weak i r p i t  s i w o i  can cis- ce cousrd by defective 1-1 
, . 

t ransl~rmpr;  T i .  ;i Di ; ;:~ti,c:i.;e ;i mis:u;.ed tank : y n i ~ ?  
capacitor, C l .  Ii there 1s any change in signal as Cl 1s 

tuned, the :,;a;:? ?:nr;̂ ;!c: 'r crohbl.,  cc!is!cc!a:v 9r.d 
the prin=r, ;i T! :. ;:rL;t!, .;.:. G,e:k T l  !s; can ti^ 
n d N  with an &mmeter. If ti? t ~ r n s f o ~ ~ e r  continuitv is  
complete ond weck slmais stli! occur an a ~ n o n n  iocol . ,  .L... . -  ..:,I .L. .^ -..._.-_ ---.,.:, .... .in. -1 . -  .. a.q,u,, ",E,C ,a -u.. ,,,.L .L.,," ...... """uau ...., U.", .u 

shorted. 
Distortion. Since ~b.c i r , f i ~ ~ : e  1.: :cL~:r,cc :c.xc:u: i:, 

noted f a r  its fidelirv anc Icck a! lictrraar:,  !! :c Z,:!?SE! 

that noticeable d::tcrt:cr. :r71::!i: :-I:-: : rcr!ol--.:--- -,.. . . ,, , , .......... ..... ,-L-L .L-&,"" ..... " "  ,,"I .--. ". . n .  ","' "< " ,,LLm ..... -.",, ...... " ." ................................ 
~ - .  "..".",,"" *-,- . ". ,*= ,,-,+ -. .-- . .  , -  . .  .- -. .. ,"+< " w . . u . . . . . "  .. . . . . . . . . . . . . . . . . . .  

law detection with i t s  his? distortlan products ,:!ll result 
instead of linear detectiar. 2,istartian n c c o ~ p o r l e d  l i t h  o 
law output con olso be car>sed by n r l e l ~ t i . ; ~  tlzhe. 

REGENERATIVE DETECTOR 

APPI IrATlnU .... - . - .... - ... 
The reaeneiotlve ?etector is  ,1se6 I n  s i ~ o l ?  C.C 01 two 

tube receivers, parttc:~lorly lr: 1: e i.lri f r t r ; 8 : ~ - ~ \  :i.:lr:ls 

where norrnol r-f  o rp l l f i e r i  do not pro,;(:- .'1:/1 .:rlr. I t  !: 
mostly gsed far .:';. ,mi v n ! ~ ~  rirvpt:-,.'. 

. . 
rtos Cett,~Y : ,-r,?,!;, ' I ,  " , ? I ,  ,?a, .,c,#-r<. :3.,~,-Tct,,v<. 

detectcr. . , , ,  . , nu.. >:.;: - 1  . ; 

detector. 
Sas poor !12el!t.i ;.it'. :el:!. il.. :.;: ;:s:ortior~ 101 . 

muslc c?i,  !!erci?:c, .e?cz!I.: 1:;: 1.r rolce 3 ~ 5  -,, 
(code) :ccep!:ar:. 

CIRCUIT ANALYSIS. 
General. T!:c :~;i.zr:ct:.;? li.!r*+-. ...... . .,.l:z?r *' t i e  ? I+  

s e n s i t i v i t ~  o! o <rid-leck :c:cctcr, to,?ett.e; .xi t i  t b i  17- 

creased amplificotlo:! nf!arde!: 5; re-:ererat~,:e feedback to 
prcvi?e 2 !uniq':e C R ~ C C ! ~ ~  ,.!i!b cx! r~me ~e~cltiv!I.! 1": k!:h 
w i n .  Sl"rp nrl<-!r.:j ! r ,p - * !n~  1 5  IUCP?: !he distnrtior 
, , . , , I 
. & \ L ~  ~> ,,1;:,, .:..:: : : k , z : < t l c !  i!r.:=2>:. t1.c 

s e l e c t ~ v i r ~ f  o f  I r e  tuner: 1t.j I ; i r^ l t ,  i rarro.:. b;i,<-*lit!. -. ; , .!A, -, t . ? .  .~ q i x r " .  :3-pcr.er!: ?! 7 

modulated s!cral are ei:e,-t!!e!h ei!rln3tec b.; c!rc!ll! ct- 
lectivity of :'? crjer lf I....? .c. recce,  +:.i: ~i...i' i s  
restricted i n  I ? "  :x~isl-. .n cnc r .n  - n t , x s  z ~ p l i ~ ~ t l ~ r s  
invoivin.: or!iy vuicc un: r o ~ : ?  : t ies t ion.  

There ore a nm~rbe; . i  r i r c ~ i t  . :3;~tlcns, most cf 'W~:IC-, 

involve the .iteth.od n' '-cr:tr ,lIlr: ! te re:-rlerct! :e feedl-0.4. 
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Reoenerative Detector Circuil 

ductively coupled to L2, and consists oi a few tcrns 
wound in the some direct~on as t b s e  o! the secondcrv mil 
and located at theqround end of the secondaw coil lL3 is 
called the "tickler" coil). '!arioble capocitor C3 is con- 
nected in series between qround and tickler coil windira 
to control the anaunt of reqenerctive feedback. Tb.e radio 
frequency choke, PFC, ond capacitor C4, torn a low-pass 
filter which bv~osses  anv 1-1 comoonent in theolate circuit 
to qround. ~abaci tor  ~ 2 ' a n d  resistor P,l !om a conventiorol 
parollel arid-leak arronqenent. The audio output is applied 
to the primory of tronsformer TI, used to provide o stepup 
in output voltoqe between prmory and secondory. Althouah 
any other method of cldio co:lpllnq may be ~ s e d ,  the 
tronsfoimer is usually used because of the lorqe autpit it 
produces in corparison with other types of couplinc. 

Initially, the circnl! rests i n  its c-iescent condition 
with no signd applied, and draws heavy plclte current be- 
cause only contact bias i s  supplied Sv Fil (see Sectlor i 
pmaqroph 2.2 in this Handbook for a complete explonotion 
of mntoct bias). 'We sholl also O S S U Z ~  thct feedback 
capacitor C3 i s  set to the middle af its rcnce and offers o 
low caoacitive reactcnce to oroond. Tickler coil L3 is 

fixed-mupled to Li, and wo,~nd so that joth qrid cnd plate 
ends of the wlndinq ore oi additive polarity. 

When on input sianol i s  applied to L i it is mductivelv 
couoled into the resarmt tank consistina of L2 cnd C L 
The low reactonce of the grid-leak copacitor, in turn, ollo.;s 
the tmk simal to ap;leor at the r ~ d  oi VI, gcross 51. On 

~ ~ 

the positive holf cycle qrid current flo,!i i s  increased, and 
capacitor C2 i s  charqed neqotively a s  shown by the palcrities 
and current flow arrow on the schematic. 'bus os the siq- 
no1 rises in a positive dlrectlon t ie  neqotlve ln< 310s or 
V 1 increases. This nrsative arid Mas incre-en: decreases 
plate current flor; beccuse of control irid action ,.vithin the 
tube. In the quiescent condition, plote ctirrent f1on.s 
throuah the tlckfer coil windma in  suck a dirpction as to 
produce a polarxy s ln la r  to :ha! oi L2 a:rss; L3. Tt. :s 
the plate end of the tickler i s  negative when the grld is 
positive. Since, in the absence oi rJn inpt~t siqn31 !here i s  
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a steady unchonqinq ilor., of plote cgrrert, the field hilt 
up around L3remoins steady cnd constant so that ro feed- 
h c k  voltage i s  induced in:o LZ. I:t.en the irput s i ~ n a l  is 
applied, however, the reduction of plote current witt. the 
increase of qrid-leak bias produces 3 chcnqe in thelines of 
magnetic flux cuttinq thetwo coi!s, and c feedkck voltaqe 
i s  induced in L2 by the current chonqe in L3. ' h e  reduction 
of plate current causes the field oraund i 3  to collapse an? 
induce o voltoqe of opposlte palmity to tiat normolly oro- 
duced in the increasinq current direction. Hence a pas,- 
tlve voltage is fed back to further octivote the arid of ''11. 
Since the input siqnal and the feedhck volt3qe are of the 
same polarity they add, and produce a still qreater neoative 
grid bios. The increased blos, in turr, caJses a furtt.er re- 
duction of plate current, and o lorqer feedback voltcle. 
This cycle of signol hilld-up by regener,zItive ieei?cc% 
nntinues until the input signal omplitude chonges. A s  the 
amplitude chanqes, the feehack octian follows. Thot is, 
as the sionol increoses the feedback increases, und as 1b.e 

.?. , 
signol decreases the ieedback, llne;;ire, 5rc:ecses. i;~t? 

feedback, the combined siqnol value is clwoys w a t e r  thon 
without feedback. Thus, weak sicncls sre qreatly ew 
hrmced ond the sensitivity of this type of detector is 
greater thon for non-reqenerative t9pes. 

On the nesative holf-cycle of input s~cnal ,  the flow sf 
q id  currert is reduced, ond o smoll m a m t  of the chcr3e 
on capocitar C 2  leaks off toqround throuqh qrid-leak P 1. 
Tnerefore, the q id  bias on V i i s  reduced and an increaser! 
plote current flows. The increased current flow is in tt.e 
direction of oriqinal (quiescent) current flow ond produces 
a feedback voltaqe oi neqative wlor~tv, ?hich odds to tile 
negative siqnof voltaqe on the qiid This reqenerztive 
build up in the opposite direction durirq the negotiae !~clf- 
cycle of operotion i s  limited to o value less thcn zero bios. 
since the tube i s  operating on thelowe; berd of !kc 
chorocteristic tronsfer curve. Hence the positive and necu 
live swinqs developed across the priTory of audio outpllt 
transformer T I  are unequal and distortion is produced. 

The accornpanyina woveform illustrot~onshaws the re- 
lationships between the qrid and plote voltoqes and cur- 
rents. The dotted lines in the wavelorns indicate the build 
up of signal by reqenerative action dwirg the positive 
holf-cycle. Wen tt.e irput vcltcge increases, tie srcsqdary 
voltoges increases an6 is further ericnced by fecdnock, 
while the detected signol produces a grid aias -~hich I-- 
creases ond is further enhanced oy the feedback. Tic 
plate cvrrent, in turn, is progres.-iuely red~ce?, ;.:ille the 
plate voltage increases. The c113n:es of plot? ~,~:rt-nt C C C I I -  

ing at audio freq~lercles in the 311..31~ 31 Tl I?. ~ J C ~ S  3 

similar outpllt voltage in the sezor {or,.. 
When the capacitance of fceibcck ccoacitor C3 i s  in- 

creased, the reonarce to nro~nd is reduced cnd o irenter 
r-f current flows thrount. tickler cni! L3, and produces c 
larger ieedback vo l to~ t .  A: : g n l  ns ti'e feedback is kept 
below the point of oscillation, 7cxlmun omplificotion is 
obtained. Once t te  feedhack !>eco;es ore3 e n a ~ ~ ~ h  to 
drive the qnd to cutdf! on? ieyond, t t~e  tube cond.icts only 
during d-.e pegk of t:;e s l ~ . c l  and for less t iar  o noli cycle 
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INPUT  
VOLTAGE 

Grid and Plate Voltope Waveforms 

I P 

, ,  - ,,c,,,>, , , , $ p . , :  : i  <,,, ). 7,:,:,, . .: . ,  ,-,!! r , ,~  .r, ,  ~ , ,<  + I , -  *,~>!>< ,-Ir- 
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6 : -  a " .- .- , , . , , " --- . ,,%. . . . . .  4 ...,.. 
. i .It?o~chtt?e r-i ro".cc: r:.! :. : -  r ! :lr c?rc :?! is 
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PLATE w C U R R E N T  

caused by nodulotio- ond occurrinq ct -;bla freqsencles 
appear in the transforcer primary, ond i n d ' x e  ar output 
wl tage  in the  secondary. 

When voltage i s  fed back from the plate to the q i d  cir- 
cuit, the result i s  to effectively reduce the  losses  in the 
wid circuit. Since the Q a! an :r?u:tancc -s the r m o  3f 
the reoctonce to the i e s i s t m i e  1- tt.e :iiiuit. It is  -.rident 
that when the r-f resistance in th? circuit i s  decreased and 
the s w e  reoctonce exis ts ,  a hiqher C results. Thus, with c 
higher Q tank clrcuii r e s ~ l t i n g  f r o  iee~ikc;~, 3 q e c t e -  
selectivity exis ts .  7 t . i ~  izpio,jed select!.i:y r a k e s  far 
sharper tuning, and will c ~ t  o!i the 'iqher r:sddc!lon 
f;equencies in wideband trc?smissicn suck. 0s :s ' I S F . ~  !or 
music ot h~oaacoc* fre?m>enrt~c. b.t k>-;. :VP, - w i n -  

nowever, tne side bonds ore o mrch snai ier  per:e::tn?e c: 
*>e siwa] -- b-. --, -: -..=: ?;A.,.- ad t , I d .  L" ,,." , u."r,.An2 c!1pp:.: 3=:..:: 

rmd usable voice receptlon i s  possible without excessive 
distor!ior.. Cicce '::n;:ic-i?c: o:;.!c.: : <:; r;rr<;:. 
frequency s p e c t m  o! one thousand cycles  or less  thc in- 
creased selectivitv of the tuned circolt ?::,no !neehock 1; 

not sufficient to  cffec! coce receptlon. One 3! the " 3 : ~ :  

disodvontoqes o! this circuit !or :!~lltn:v : s e  i s  t in t ,  :.hen 
oscillctinq i t  rerodides and produce; 2 l o r  po:vered 'J:', 
outpiit; which, besides iiterfeirin: ::itL nioibv ie:ei;.er; 
tuned to  the  s u ; e  :requer.cj, offi;; ; convenient ::ccns :cr 
the enemy to locote the source with direction finders. ' h i s  
radiation can be eliminated by gse of on r-f staqe k t v ~ e e n  
the  detector and antenna, which octs  a s  o buffer s t a l e  
when properly neutralized. 

FAILURE ANALYSIS. 
No Output. Lock c! 3r :cp;t si-31, ICT; C! 0 1 7 : ~  ,;71t- 

age, on open or shorted input or outpu! c i r c u ~ t ,  or 2 dr!tc- 
tive tube can result in a loss  of output. First measure tb.? 
supply valtoge ,with o high resistance vol t l~eter  to mcke 
certain thot !t,e supply o: .> t i own s,.~pply f ~ s e  i s  IIQ; r :  

iauit. Ihen measure the plote vnl:oje 10 c r c ~ r ? .  :i !,z 
piote voitoge :s norr.al, plate clrcl;!t co r>nner t s  33, 21, 
RFC and !he primnry of T i  are  no! il! inult, !! removinn 
ond replacing the take produces a click i r  the outp;: deuce 
i: ini icates  :tot the secondr r j  of T I  ;; not w e i  a; s i o i t i i ,  
and ,hot the t m 1 5 i ~  i c  noc t  nroinhl? Iocotc-d i n  t k  -nii 
circuit. Turn reqenerotioncontiol C3 past the point where 
?jsci]Iatio; cs"~]bf  k,:ix5 znd ,~: i?  .v;i!!., 
~. y",,i i i  r l , i  ?,, ,A. , .!iC+ i.. e ;  , * c , , , :  !,,,. i~, , ' i  ..,. t"* t L p  +",,<, i c  . . . . . . . . . . . . . . .  
oscillatir.: ond t5o: !b,e :u'x and icedbick ao:tion of tire 
-ir-, " ". - L A ,  aae:otir,a. !f t h c x  st;!l i s  r.,c o , > t ~ t > : ~  t t . ~  ifin;; 
m ~ l  1s probably open or shortei.  ijse 3r ohmmeter to 
check the ino::! mi! 5: rrz!in::':;. !! :hr rci! is rot nrsr 

?-. ,L;,: , . .  .., . ..:: ..... ..J .LA.. .. .r -,--. ..: > i..'..'..y ... ..'. .V ,. .,.".. Y. ... -p-, .". . -  

copocitai. C2, still  e r i i t - .  ?erefore, i r  1: usuallv -asi?r 
to  connect the antecna or t5.e outpit n! o s!qnal qeneratar 
.ikect to t?c :! \I!, !f L+e :- -,,. .. ',...'"" ""... ...? .. ". *..;cr, o! 
the circ7:!t is ot foult ond I? i s  pot open. I -.*,eo!: s i q n d  
ni:: us""::, ;c. I;euld. .A:>" 1 " h k  i",!i,W; ~ " p u c i i u ,  ci, u:,d 
11sten for a n o ~ s e  indicotirz shorted tcnino capccitor p!ctec. 

I! ~o plgte .!olto:e i s  ib tz ine l ,  :!tier T l  or :he ZFC ic  . . . .  ,n,,-" ,,, ,.., .,,,,., !,>.< 
-- - .  
- 2  2: -.: 2 s  ibo:!~?. 3: V.Y. : I :C.  ........ 
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defective. An inflnite res is tonce when meosurinq across  
TI. RFC, or W, indicates  on open circuit. 

L o r  Output. La;,! plcte  voltgce, o defective tube, or 
portiolly shorted or open parts con c c s s e  c reduced autps~t. 
If the plote voltage i s  low, check T I  prirncry, the PFC,  and 
coil L3 for b.iqb. res is tonce soldered p i n t s  a r t  partioll:. 
open windinqs, os indicated 5: o hiob resis tance recein? 
on an ohmmeter. Also check C3ond  C4for  leokaqe to 
ground with an in-circu~t  copocitcnce checker. If fie d o t e  
voltage is norm01 but the output is low, check the second- 
ary of T 1  for continuity with an ohmmeter (if sufficient 
stray capacitance coupling between primory ond secondary 
windings exls ts  we& signals  may be h a r d  even thotiqh the 
semndary is open). Ratcte tcriirr: copacitor C l  t3 ?ete:rine 
if i t  i s  tuning. If i t  tunes the signal, check input coil Ll far 
hiqh reslstonce or cn ooen, s ince  3 small, stray cooac~ t ive  
couplinq from primcry L 3 t o  secondary L 2  rz,ill produce an 
output sinnol even if L 1 1 s  open, especially ot t i e  hioher 
radio frequencies. 'Where o stanq loco1 siqnol exis ts ,  
touchlnq the input windin.; (or V l  q i d )  with the finaer ,.will 
increase the s ~ q n o l  11 the cntenno i s  defective or t w  s n a l l  
( this  type of indicctor moy not be too e f fec t ive  helor; Cecks 
or in  a well-shielded compartment). 

Distorted Output. Since ?:id-leak detection i s  used 
there will normolly be rot iceoble  distortion, porticularlv 
on stronq, heavily modulated sinnals. k continuous tone 
ho t -no te  h e a d  with therroitllotion indicctes the detector 
is oscillotinq ond that a r e o d l ' ~ s t n e n t  o f  the reoeneration 
control i s  necessary to prevent self-oscillation. A h iq i i  
pitched audio squeal rit.ich o c c u s  -;hen tb.e oudia oain is 
i n n e a s e d  i s  known as frinqe howl, ond occurs only i f  the 
R F C  cmd capacitor C4 ore not operatinc rmperly tobyposs  
the excess  r-f plote cornparent to ?round. This  c o u i  ocrJr 
if the RFC were shorted or '24 were open. Firs t  substl:~!e o 
goad RFC, then i! the squecl pers is ts  shunt C4 wltt. o 
capacitor of similar volue. If V1 i s  low in emission, there 
wlU u s u d l y  be distorted s i ~ n o l s  coupled :ritt. cortinu3us 
fading and o weak outp8.t. S?nu!.i the . ~ a : ~ - s  c f  tL,: ?rid- 
l e d  resistor or copacitor c'ranoe not i c~cb ly ,  b t ' l  blccliln3 
and excessive distortion may occur. 

SUPER-REGENERATIVE DETECTOR 

APPLICATION. 
The super-regenerctlve tiettztc: I ?  .:?! In ;;?OF, one 

ortwo tube receivers for tb.e '.'ti7 crd L'HF r e ~ i o ~ . s  .where 
R F  ornplificotion does not provi.!e z.:ct ~ i " ,  3 9 d 3 m d  
selectivity i s  not required. !t i s  i s  particularly popular in 
partoble-mcblle transceivers ard .:;olkie-tslkies, :-b.ere 
smoil s i ze  a rd  low pover cons.lnptlon 1; Important. 

CHARACTERISTICS. 
Moy be seporotclv cce rc ie?  CI se l f -que~c ied .  
Uses a low quenct,.lm !req-ercy to obtcin i-ia!! 3aln 
Selectivity ismuch l e s s  ti-an for on. otherforr  o! 

detector. 
Hos on inherent noise  reduclrl cn? l l r i t lnc  sc!lon. 
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Respon?; c l ~ o s t  E:IIOII~ 1s ::-I1 to : t r o n ~  si7ncIs c 
to weak s i - ~ o l s .  

Provides 5iqh sensitivitv 3nd ,,:in i .  c s i n d e  t'.Se. 

CIRCUIT ANALYSIS. 
tsnerol.  The s c p e r - r a e n e r c t i : ~  6cte::or usc- c la.,> 

frequency (from 1 5  k: to IC: i c )  :: : quench I - :~!!~~cI ,  
generated elther interroll; or irpar:te!;., to ca-,1101 the 
regeneratior applied to s ;nd-leok +tect?r,and t ' r i~s  
supply or entmme1.i t~,:': ,;is fro- 7 sinc!e t ! x .  The #use 
of o quenchir l  f r e p e n c y  r!!ec!:v-I; bmcdens t i e  selec-  
tivity oi tbc ! ;nr !  lriput C.I':JL: t: : i ~  ?iln: xt.ere i t  ac t s  01- 
most 35 i! it .:;-re not t ~ n e d .  Eence, o x j o r  disodvnnto7e 
i s  that ony strono sionol 3w.ultt.in o !etw hundred kilocycles of 
the deslied f re~uency  ,will o;errlde !t md blank out the 
desired sionol. It a lso r e s ~ n d s  sornentct  l o ~ a r ~ t h n i c o l l v  
t o  input signol strenqth so that an amplitude limitinq ond 
AVC octlon 1s obtained. Thus. eutremelv weak s i a r a l s  
below the threshold level oie not detected,  and b t t .  weok 
and stronq siqnals o b v e  the threshold appear ot the out- 
put with nearly the same intensity. Inoddition, hiqh m p l i -  
tude noise interference, such a s  produced by spark iqnition 
systems isrninir ized without t h e  necessi ty  of addinq o 
limiter stoqe. Siqnals with low levels  of modulotion ( l e s s  
tho" 50 to 60 percent) produce only a weok or qarbled 
output,whereos siqnols with hiqh percentaqes of modu- 
lation produce a loud output, ocmrnpanied by hioh dis- 
tortion. In most instances, the interruptions of the quench- 
ing oscillutor produce an oudio output in t h e  form of o 
high-pitched h i s s  caused by noise, ,which appears betwem 
stat ions,  and disoppeors as the  siqnal i s  tuned in (on ex- 
tremely weak siqnols the hiss  will mask out  the sionol). 
Since the super-reqenerotoi i s  oscillotinq, except durinq the 
q u m c h  p r i c d ,  i t  i s  usuolly necessary to u s e  on r-f om- 
plifier o s  o buffer to prevent reradiation ond interference 
with other reception. This  i s  a lso o xolar disadvontoqe 
when used in Military eouipment, s ince  interception by 
enemy direction finders i s  still possible even with an r-! 
s t aqe  if i t  i s  not peifectly reutrclized. 

Circuit Operotion. Ti.? sck.enotic of o typlcol super- 
regenerative detector 1s shown in the occonpanvin.; illus- 
trmion. 

Transformer T I  i s  an r-f input transforcer, ,with pr i rarv 
L l  (antenna w~ndinq)  untuned, ond secondary L 2  tuned by 
Cl. The tuned secondary tonk i s  conrected bebrcen tt.e 
grid and plote of triode V l os a convert!anol ultrcudlon 
oscillator. Gid-leak bios and lo.:: f r e q ~ e n c y  quenct.ino 
i s  provided by R l  ond C2. The audio olltpllt i s  taken 
throuqh r-f isolotlnq choke RFC and 3pplieC to the prixorv 
of audio output transformer T2. The plate  voltone i s  varied 
to control regeneroticn by potentiometer R2, and the pri- 
mary of T 2  is bypossed by C 3  to prevent r-! !eedback. 

in the obsence of on input siqnal, the qrid-ieck pro- 
duces contact bias ( s e e  poroqroph 2.2.2. in  Section i o f  
th i s  Handbook for o detailed explanation of mid-leok bias  
action), ond c steodi. plate current flows. 'When on un rcdu-  
loted carrier s i rnal  i s  cvplied to t i e  input, the orld i s  
driven positive on thepositive peaks, and qrid current 
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for ti-e qrid-lcuk netl;;ori ts i l x L , 3 r q ~ ,  FC tkgt 3 tr:!n of  
I-f pulses rrny be cenercted dur!nq e ~ c b  ~ y p e r i a d .  GI?. 
l e d  hlos i s  developed hv rectif,,ln: t i c  ocsitive kc!! 
cycles of this trcin of r-f pulses each tl:e thfy caNuse a 
flow of arid current. Thus, tLle ,rid-ccaccitor is c5orTed 
negatively cf on r-f rcte, cnc since tb.e ?isctcr?; ti-e con- 
stant i s  lonler than the cbmqe time constant !!LIc co~duction 
of qric current presents o lo"; resistonce cb.cr3e path), the 
chmqe connot leok off the qrld between i-f p ~ l s e s  nrd. 
therefore, bullds up and eventuoll,, reocL~es cutoff bios. 
This cut-off bias point i n  the self-quencher deternires the 
start of the of!-period, and the tube i s  held in0peroti.x 
durinq thls p e r i d  until qrid capacitor Ci dischcraes thouqh 
the lorqe qrid-leak resistance. 

It i s  imoortont to rote thnt durina t t e  OF-oeriod r-f 
oscillations occur at the tank frequent;, reqaidless o! 
whether or not an input siqnol i s  applied. :k.is action 
occws because of the lorqe feedbcck fro=. plote to ~ r l i .  

Thus, in the absence of an input slqnol, the tonk c l rex t  I S  

started asc i l la t~ng by random current flow in the tube due 
to noise. iwhich throuah feedback ouicklv builds uo to 3 

high amilitude and develops a d-c bias across the arid- 
leak. This qrid bios, in turn, reluces the omplitude of the 
r-f oscillotion sliahtly and momtoins it ot this volue for 
the remainder of the on-oeriod. When an inout sianal i s  
applied, the amplitude of  the rf oscillatlon does not 
chonae, but instead, the oscillation starts  soaner lit bas * .  

the signal to help i;), and the duration of oscillatlon for 
the on-period las t s  for o sliqhtly lonqer time thon without 
on input siqnal, a s  shown in the occompanyina illustration. 

INITIAL NO 
BIAS L E V E L  

N O  INPUT W I T H  INPUT 

Typical Grid Waveforms 

Since a neqotive qrid bios i s  produced by the rectifi- 
cotion of this r-f oscillotion, the plote current i s  decreased 
slightly when o signal oppeors. Eecouse the hiqh-frequency 
oscillations exlst even when r o  input siqnol i s  applied, 
the output response i s  limited to the averaqe chonqe of 
d a t e  current which can occur from t i e  start of the on- 
period to the beqinninq of quiescent oscillation. Tne 
result i s  that if the incoming signal i s  stronq enough to 
mask out the hiss noise, there i s  little difference tetween 
weak and stronq signals, since the detector output current 
varies loqarithmicolly os shown in the accompanyino qroph. 
As a result, larqe amplitude noise vcriotions caused Sv 

ore c h o  re?uced i n  intensity. :;\~ct ... m .I: +E 7 !s~:d c r ~ k  
in the convent~onol ?ttc-:ter moeari 3; c r:ti.er C-011 
noise i n  the super-:-?i-ntrctlr, In:: c:r 3e 7?12 ~ 3 5 1 1 ~  

tolerated witt.a.t ii;tr:c!:~rl !r,.- tLe e i i i e i  ; ~ : P ~ I S .  IP 3 

sir l lcr  morrer, :n.:ll .o:!,>tlor. In ::rn?l.*.~:e c o ~ s e d  by lo,,,: 
percentales of 1-02 :l,:tiaq pro4.z~ went 7r.6 ur:ec?aile 
s,gnoI:, ::5.,!1 ::; i :. :,. .:::: :,, -,. 17 :x >-r-.-.r.: , -, i'Ll~:c: 
signals cre sufflcienf to proi,lre cn appriclcSle ou tp t .  

DETECTOR 
C U R R E N T  
C H A N G E  

G R I D  INPUT VOLTAGE - 
Detector Response Characteristics 

The amount ai feedbock and d o t e  voltone i s  controlled 
by potentloreter Pi.  ic: larqei feedkck and areater 
omplificotian the plate volt3qe i s  increased, whLe for l e s s  
mpl~f ica t ion  ond feedback it is reduce?. Far eoch settinq 
of the control the r-f oscillations will reach o ~oximum 
volue limited by :he saturation voltoqe for this operotinq 
condition, and fixed S., the &eloped qrid-leak hios. 

FAILURE ANALYSIS. 
No Output. A defective tube, loss of plote voltaae, or 

open or shorted input or output circuits will muse o loss of 
output. Use a hlqh resistance voltmeter to measure the 
suoulv and olote voltanes cnd elininote the possihilitv of . .  . 
on inoperative power supply or blo,:m fuse. Slnce theplnte 
~ l t o o e  will depend on the ws l t i o r  of plote potentiometer 
R2, it i s q w d  practice to vary R2 over i ts  ranae to d e  
termine whether or not on output con be obtoined. If R2 i s  
open ot some point between the slider and wound, the 
ulote voltoae will be hiqher than nonnol, i f  open on tt.e 
slider side there will be no voltoqe (provided T2 primary 
and the RFC and uupei holf of m i l  L2  have continuity). . . 
No voltaqefor any settinq of R 2  lndlcotes that T2 primcw. 
the RFC, orcoil L2 i s  open. Check forcontinuit? with on 
ohmmeter or measwe voltaqe to ground. If there appems 
to be sufficient plate voltaqe present, check the values of 

~ ~ 

the grid-leak resistor and capacitor using a voltohmeter 
and on insircuit  capacitance checker. Check L2 for pos- 
sibility of o defective tuninq condenser C1 which will 
usuallv create a noise when rotated. if shorted. if still no 
output'exists i t  i s  possible that R i e c m d m y  is  o p n  or 
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shorted. P lace  a pair of headphones across  the primary 
winding or couple o speaker to the primary by o coupling 
capacitor. Any output indicates the secondary of R i s  a t  
fault.  Note also, that I! C3 is shorted, plate  voltage will 
a D D m  a b u t  normal but no o u t ~ u t  will wcur because o! . . 
the shorted load winding. However, this condition usually 
i s  determined a t  the time tho1 continuitv checks ore made 
of L2, R, and W.  It i s  important to cote  that lock of an 
lnput signal will not result in a n w u t p u t  condition, s i n c e  
the circuit will s t i l l  operate, and produce a hiss .  

L o w  Output. A low GI reduced outout can  be c a ~ s e C  bv 
c,,. .e ck,-.., ..,".., .,..--> ..,;...., mnmr+.ml:.  ." .." .i sLo:'ed ~np::: c::a::t, ;; 

inproperly nodulsted i i x a l ,  a tefect ive t-he, low plcte 
""!!I" ?"I +fec!Tte ?'!".L! !T'llsicr-s, T I .  '?icn?!: 5% 
low the threshold level tor detectionond those slqncls viith 
low percentzjes  a: r.c~ul;tio:; : s ~  52; ;r l e s s )  ,v" ; ! :  not 
be detected, this i s n c m o l  operotion. If, i:owe;er, t i e  
~ i " ~ , , l  i c  ...onl. krn.,..n -- ^r - n^r,:"ll., .Lrn.,"3 " .y.,u..u . . -~ . . . . . .~u . . . .~~ . . . . , . .y . . , .  ". ,.y..,,...,,. ~. 
input transformer, i t  can befound bv checkina the coi ls  witi. 
an ob,mmeter. Likewise, with c low plate  valtoqe indicated 
on tt ,e voltmeter, both feedback and outout will be low. If  
the  trouble i s  not in theplote  supply, most likely bypass 
capacitor C3 1s c t  fault an? lecky, check i t  ,with on In- 
circuit capacitance checker. Check the values of the 
grid-leak and wid capacitor, using on ohmmeter and io- 
p c i t a n c e  checker. Continued low output indicates L1 i s  
e i ther  open or partially shorted. 

Distorted Output. The output will nornolly be s o o m h a t  
distorted, particularly on voice peaks, however, the s i ~ n o l  
sb,""." *e ."te,,:":,,F, I f  A:-." ..,an ." -,,IA :.. ~.,,.L, .\,., i".~ L C  .~ .~ ,Lh t k t  tL2 .cake 
i s  bodly gorbied, improper biosinq i s  usually the couse. 
Check the pid- l tok resistor :;I!& an akrrreter  mi t?:e :n? 
copocitance wlth an in -c i rc~ i t  capucltnnce checker. To 
eliminate the followinq audia stoqes i ron stispicion, olace 
a pair o! i.eodphares across the prbrrrv of TI .  If ti.e 
ÎS:"... . . 

,...on s:;sppc::;, :kc ::stc:::on :c ccosec ?+ :r,e ;;%o 
amplifier s t ages  after t t e  detector. 

PRODUCT DETECTOR. 

APPLICATION. ". pr&::,! detectcr i r  l:"ii,prr^l!.. llrn+ li rlotn^t^r . ~ . ~  . ~ .  
!or heterodyning ond derodulctin.; s inqlesidebarr!  trtlns- 
missions in  rnoder:~ ;o~:lrrcr:icatlor;s t i p r  rrcrivel;. 

CHARACTERISTICS. 
, >  , .  , <  ,,<,,",,,, >:e!!-p!"s-,:~ ~- -~ ~ ~~~ 

Operates a s  a c o z b ~ n e d  hete:-+;ne -:xi: 1r2 :etwtc:. 
I:,>. c.,-al!a". .-a\e,-,:,,:,,,. 
,-:,- ; di,!.: .::.prc.;::.~:.! .:. .-.I.. 
T. -Ir-I.ne.r !ir.- îl" <-Y.~^,"'. 

CIRCiiii MALYSIS. 
General. Tt,e product i e t ~ c t o r  can k :~ ;z ide i i i  ii 

iorm of b~eterodyne nixer urltr, on oudio output lnstead o i  
the usuol r-! output. Tne pl;rpcse of tL,i; d c t c n c r  1s to 
mix localli. aeneictei  1 3 '  iieauencv c-rrier csc i i l c t lo r ,~  
......... >.L..* ,... - - ~ ~ . - . ~  ~~~. ." , , . ,  , , , 7  ,,,, ,, , , , , ,  , - ,  . , , ,?, , , , , , , ,  ,,..,. ,, , ? , , ? , ,  ~ , , ?  ,w, . 
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notes in the oudio !requency rorqe. Fcr sin+-sideband 
the beot v o ~ i e s  in b t t .  pitch ond o ~ p l l t u d e ,  prodlclnn the 
detected a u d ~ o .  7b.e product detector -I; also be us& 
for code reception usinq the beot frequency oscillator 
(BFO) to produce o slmjle-tone audio k o t .  Tre . s e  of 
mixing to develcp !t,e beot signal redtices the tendencv to 
grid-block, wk.en c:ron.; si;?lo!s 2sr a loco! osci l la :~:  o:c 
opplied t o  the qrld simultaneocsly ,with a weak input siqrol.  
Ordinor, i . c ~ b ! i s i 4 e h n ~ !  .A! si.;?cls mn ,:Is3 be '!etectr! 
with theproduct detector, prowdud !!re BFO i s  tuned to 
zero-beat. \;hen ~ s e d  ..with c s t iorq BFO input ond a weak 
sign01 input exalted carrier reception i s  sir!Ic!ed. Y;ith 
a stronq (exalted) locnl corner inserted, p h e  cmr-l!ut!oo 
of t h - s i r i ~ h n ~ d  f r ~ " ! . - n ~ i ~ s  dilrine f ~ d i n ~  i s r in~ml , . rd .  ri 
ine  iocai EFG sgcct l t l tes  ior and i l l is  i n  tnecorner. Ai- 
.L , , . . - . . " e-.- - r.",. o ,, e . . c  f: :,.; .-p:c. -., pra.:.c- 
z e n t  ir orilrary I . !  recepaan it t~o; the l i s o d v a n t ; l ~ e  
thnt  i t  ic  i l r l l , - l ly  ilO-ilCqrl. t" 71;,.C! !~,",:,:m! 

BFO !me tuninq control tokee?  tb.e local oscillotar a t  
zero beot. Otb.eiwise, the steady CVi be l t  cote prod:lced 
by the t,::o cm:iers (:nput s i ~ r a l  and BZO) Lcgtin-; t o q e t h r  
garbles the signal. 

Circuit Operotion. .'.'bile there r e  c c :nbcr a! prc2--t 44- 

detector cliciiits, o r e  ai t k e n o s t  prevoleni in use i s  the 
typic01 pentaqrid ;:r,'iiti; iI1u;iroteJ in t!.e i ;sza~. .pir~vi~tz 
schemotic. 

V V 

CI 

w( 
INPUT 

E = r------ 
I ,, 
i i.. j j j  
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A sinqle pentaqrid t;be 1s cor rec ted  os a 'ieterodyne 
converter, wlti. the t:loie pcrtion conrected a s  a simple 
series-led Ha~t ley  oscillator ond operotinq o s  the bect 
frwruency oscillotor ( 3 i 0 )  t o  slrpply a carrier s i?ral .  I ~ P  . ~ ~ ~ 

r-f input with i t s  ccriier z i s s i n q  is lnlected i r  rrlxer arid 
no. 2, which i s  shielded by the screer construction oros~rd 
i t ,  and the oudlo output i s  token i ron t h e  plote of the 
pentode sectlon. Tuned tonk L and C 1s connected in a 
Hortley circuit with V 1, ond the lower end of t h e  tonk i s  
bypassed to qround by C4, while C2  i s  the mid copocitor 
with R2  octinq a s  o shunt qrid-leak to s \ ~ p p l y  the b ias  for 
the oscillator. The screen receives i t s  supply voltoqe 
from drappinq resistor R 3  from the plate  supply. Capacitor 
C5 bypasses  the screen to ground and effect ively connects 
i t  to the lower end of the tank thereby farming the triode 
oscillator portion of the circuit.  The 570 slonol i s  eiec- 
tron-coupled to the pentode section by electron flow f ro r  
cathode t o  screen ond plote. The input siqncl i s  capoci- 
tively coupled throuqh C I to the mixer qrid, and R l  IS tb~e 
d-c return resistor supplying qrid bias for the rlxw arid. 
This resistor is mode odjustobie to se t  operation at the 
proper point for complete mixinq and reduction of inter- 
modulation distortion from input siqnols. The EFO sicnal 
i s  thus mixed with the r-f input sionol and 1s heterodyned 
t o  produce audio beot signals, which vary in accordance 
with t h e  modulation of the r-f input siqnol. Since the plate 
of V I i s  bypassed to ground for ;f by C3, only ti.e oudio 
frequencv current voriotions oppeor in  the alate  circuit. 
These audio current voriotionsdevelop on output valtoae 
in passino throuoh load resistor F4,  and thus develop the 
oudio output ,which i s  co'upled through Cc to the foilowina 
audio omplifier stoge. 

With no siqnal applied. V l  r e s t s  in i t s  quiescent s t a t e  
with the triode sectIan oscillating a t  the i-i ( co r r~er )  
frequency, and with no input siqnoi ti-ere i s  no o.itput ie 
veloped. Operot~on of the EFO i s  by feedback throuch tank 
coil L betweer the qrid ond screen (plate) t o  supply a 
continuous feedback fram screen to qrid ond produce con- 
tinuous oscillations a t  the frequency deternined by the 
tuning o f  tonk capacitor, C. Since C 4  hos a low r-f reac- 
tonce t o  qround, and C5 which qrounds the screen a l so  has  
a low reactance to r-f, the  screen i s  effectively connected 
to the lower end of the to*. Durinq the oscillation period. 
qrid-leak network C2  and R2 alternately choroe ond d i s  
charqe. Durinq the conduction period on positive half- 
cycles  the grid capacitor i s  negatively chorqed, and d e  
velops a Closs C bios  on the grid af V l through arid current 
flow from the cathode through R2 to qround. On the new-  
tive h d f  of the oscillatior.. mid ccpacitor C2  dischoraes to 
ground through qrid-leak P2, s o  thot the bias  i s  reduced to c 
value which will permit conduction on the next positive r-f 
excursion. Meonwkle r-f i s  supplied to the circuit by the 
tank durino the nowconductinq period thus ~ roduc inq  COP 

oscillotor operotion.) 
When on input siqnal i s  applied to themixer q r ~ d  of V1 

through couplinq capacitor Ci the input siqnal appears on 
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themixer grid. Dtlrinq thews l t i \ , e  tolf-cycle of the input 
signol plote currert flow i s  increased, wd durinz the neso- 
tive h o l f q c l e  it i s  decreased. P.s the electron flow from 
cathode to plate  occurs ,  tb.r electrons pilss tk.rooqh the 
screen, and the BFO osclllotlons cre hetercdyned .with the 
input sional to uroduce on m d i o  bent note in tk,e plcte cir- 
cuit. A portion of these  electrons olso ilows t h r o u ~ h  the 
mixer arid and return resistor R 1 to provide bias for the 
mixer grid. Since the pentode section of V i  i s  connected 
a s  an amplifier, th is  bias f ixes  the operotinq point o f  the 
number 2 (mixer) grid a t  the positior for mcxim~rm undlstorted 
auerotion (usually in the Class  A reaion). However, when 
undesired s ignals  c lose  t o  the tank frequency ore stronq, 
the strona s ianals  tend to over-ride the 'weaker siunal and - .  
cause  response to both siqnols reoardless of the tuninq of 
tank caDocitor C. Therefore. if R l i s  adiusted t o  oroduce 
clear  undistorted reception on the stronqest siqnol, weak 
s ignals  will not b e  pulled in frequency and ti:e strona 
signal will not cause  saturation and produce intermoduia- 
tion distortion. The chanoe in d a t e  current coused bv the  . . 
input siqnal alternately increosinq and decreosino plote 
current flow through load resistor R4 develops an output 
voltage ocross  R4. Since C3 bypasses  any r-f s ~ g n o l  com- 
ponent and any BFO siqnol component t o  ?round, only the 
audio beat note will be effective in producinq output voltaae 
ac ross  the load. Thus, the modulation amplitude voriotions 
of the r-f s ldebanl  s lgnsl ,  in effect,  modulate the osa l l a t ino  
electron s t r e m  ondproduce t h e  output. if the EFO stopped 
oscillotinq there would he no output, s ince  there would be 
no beot note developeC between t i e  la!r irequencv i-f sio- 
nal  ond the hiqh !requency r-f siqnoi to produce audio 
voriotions in t h e  electron streor. between cathode and 
plate. 

Althouqh R I i s  shown as varloble in the schematic, 
some circui ts  use  a fixed value of res is tance whicb., to- 
gether with screen resistor R3, i s  selected to provide 
optimum operation. In other c i r c u ~ t  va r~o t ions  o separate  
BFO i s  employed cnd pentoqrid tube V 1 i s  connected a s  a 
simple mixer with both control ?rids biased to operote as 
amplifiers, so that only o simple mixinq function i s  a r  
complished. The cor,blned circuit discussed above rep ie  
sen t s  a sovinq in tubes and economy of circuit components, 
hence i t s  more prevalent use. Reaordless of circuitry, the 
two s ignals  ore always heterodyned to prcduce a beot out- 
put i.i.ich i s  in the audio ronge and thereby d e ~ o d ~ ~ l a t e s  
the sideband signal. 

FAILURE ANALYSIS. 
No Output.  LOSS of plate or screen voltaqe, lack of 

oscillation in the triode section of VI, or open or shorted 
input or outpilt clrcuit, os viell os a defect ive t sbe  can 
produce o loss  of output. Check the plcte and screen volt- 
oqes with a hlqi: resis tance volt-ieter, to make certain that 
a faulty supply or blo-w? fuse i s  not at fault.  If plote volt- 
age i s  lockinl, a t h e r  FL 1s open or C? i s  shorted. L i k e  
wise, if no screen vol tole  i s  pre-ert,  either P3 i s  open or 
C 5  i s  shorted. b!easure the resistors wi:h an at,xmeter ord 
check the resis tance to 7rot.rd ccro-s t t e  ;apaci!ars, or 
u s e  an in-clrmit ccpocl tor~ce checker t3 d e c k  for s i s r t s ,  

CHANGE 2 



ELECTRONIC CIRCUITS NAVSHIPS 

leokoge, and proper value. Determine ii the BFO i s  
oscillating, and if there i s  on i n p ~ t  signal. Use on oscil- 
losccpe cn? cn r-! p r * k  .-m.erte?bee!-..~nn tke no. 1 7 r i l  
and qram~nd to c h c k  tic! csci!!a!ion occmxs. An nltemntive 
procedure ir to ,lie c i i lk-resis tance \,olt-eter, and oloce 
n l-me-nhm r-slsrnr i n  -PTIPS with t b ~  n m i ~ :  nnr! meosirp 

-.m-. ".i".,a"L u ,  , 6 " ~ n ; , l " . ; " -  , , - . , - I  I,, " ,,,L "",*" vLu-,udu 4s.,. ~ L b . ~  . , L .  "~ .,.., udu"~., " 
IO-volt or ~ ~ t t - r  inl!lro*lcr !i o b f v n ~ ?  cn.', i n  cd.'!tlsn; 
when qrld-leak is shorte.? ,!wtt yo.r firqers the a s c i l l a t ~ o n  
will c e a s e  os i~ .dicote? hy n crop in v c l t m e  !a o b u t  1 
volt 3r less. I! o s ~ ~ l l o t i ~ r s  CC not oiciir C L C C ~  coil L 131 
c o r t l n u i b ,  and tiirinr iapocirar C ioi n ehoi: o r  !eckaqe 
( z i e  sr I- circul! ccpoci:g-.ce ci:ecie:). O'eck 7::s-lec? 
- - ,  ~ ~ ~~ ~ ~, . , - - ,  , ~ . , .  ~~ , 
?!' ?_.? i' ,-,, i'l~. ! " C l . -  ',,', , , . , , ,  ,~ ,,,, , -' :,,,. 2,:,.k,, , , ~  , , t  

proper volue. !f st i l l  r o  o s c i l l o t ~ o r ,  check C4 far or open 
clrcuit (I! shorted I! ,-,c:1 -!!!I i l s a i l ~ t ? ) .  : i . ~ t t  tt.e 3-C 
operntirq it i s  still  pn--lh:c ti.-1 " I ic c h o r t d  on,+ i <  i v -  

passing :b,e Input ra ~ c u n d  iq:a-?ii ,C4, u: fo: t': 2: :L iu 

Se open, cb,eck ecch c q - c i t c r  >.v.u!t! 1 capccit;. neter .  
Usually I: i s  only ;t.i!l tlre 310 is no! asc:llctin : :!!at a 
true r.c-o::tput cond:!!a- cccurs, cri. :kc se t  ~ o ~ n d r  &a<. 
If  tb,e BFO 1s ,workln 2nd only t'.e l rpct  slqnol i s r i s s i n ~ .  
there will probably be ;.ol::r illr CI O C C O S I O ~ U I  nmse noticed, 
except of course i! cutp~.:! co!g!?nc c ~ a c i t o r  'Cc i s  a p m .  

L o w  Output. Lo-: plot t  or screen vcltaqe, a defectiue 
t u k  or o change ir. ; o re  pcrts vclher C C ~  F ~ O ~ : I C E  0 *ieok 
output. Meoscre the alate ,  screen, and sgpply voltaqes 
with o b.iq5 resis torce .:ol:meter. Lo..,, voltaae indicates 
thct ,-5 fir (-2 i r  ?i !b,bt "1 i s  stcrte2 2..! .?rc...i.l 
lorgri Ikon norrr~ul cu:rer,t. %;!~,eck ..r ;upositors -- w i k  a 
capacity chezker. With normal plate and screen voltages 
check the voltages on both grids with an oscilloscope and 
on 1-1 probe. On some detectors i t  i s  s t i l l  possible to get 
a weak output even though the BFO i s  not operotinq. Also 
check the odiustment of 81 since fi.e s i m a l  mav be biosed 
o i i  too far  nnii prnvlde o wpok outpi!. Normoily m t h  the 
oscillator and incomma sirno! should be about the same 
level, but in no c a s e  shouid the BFO voltoge be greoter 
than the r-i sideband voltage. Check a l so  the setting oi 
the rezeiver RF GAIN cantiol s ince i t  may be s e t  t w  low. 

Oistorled Output. I! the i n p t  siqnai is too st:arj, tt,e 
$erector con be aver;oadd u!ll ca l ls t  i i s r o r t , ~ ~ , ,  !rake 
certain thc recei-uer R-F GAIN or kVC system i s  hoidina 
t h e  input siqnol to ine proper level.  Also i t .eck ti-e a& . - ..,-.---. -. - ,  ,. ,, , "  "". .-. ", .""--. ,"l',,,".. -. ..., i_ .. ii. "? _d. .._"..l.,.._.l.-"-,, 
a:"- ,.",, . ,k,c ie:ec:c: .;;:!I ?;c:!ok z?,? ?:z!3:t cz :,!:c?,; 57- 

1 . I  .. I .  , . , >  . . , 1 
C.".". ,.:,c;. ~, .., "" " -" .,,L ." 
clear, tk~e wecker s i ~ n o i s  will still  be readable. i t  i s  i i l s  

, , . . ,  . . b  .. . . , ,  , 
i . t i i>>ii i" I i G  i:;c ,i.c..r: .ri.Lu .. r!.L "."ii;, ;I 

in  s i n q l r s ~ d e n o n i  receptlan otnerwlse, t c e ~ . o a u i a t l o r  rrcy 
be present but i-ueite?. ur.?. be ja:blcd zzd ur.in:e!!i;ialc. :; !L:- - 

>.I- LU> 
un a rsce~.v.cr c- .,,,,.... , . , ** r .  > ... ..., : + -  :, ,~,;jc; ~ n ?  !m- r  

sidebond switching, ploclra  the snitcP. to the opposite 
s ~ d e b a n d  p s i t l o n  v i~ l l  eliminate the distortion. Since 11 is 
necessnry to keep the inserted cmncr w ~ t h i n  10 to 12 
cycles  s! the proper !req'>ercy, cl:$t irei;:lezc; ir.z!ci.!!:!;- ;.. .Le ,ece;., . a*" """, "*", ""., -c"r."?,l,. Loen ,Lo ... .,. . .. ..e. !ubul uu-:!! ".". ...-, -u..-.u...., . 
5t"i,"$, i i r r v c l l i v  i r i i t , ,u .  ii,,> ..ALL sic", UG cL5 i i~IGit iW, 
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which d i sappwis  os the  BFO tuninq i s  slichtly readjusted. 
In the las t  cose  the trodble ex l s t s  in previous receiver 
staGes, not h e  detector. l t  IS, howe.er, d v i s ~ h l ~  to he?!< 
!he EFO !or drift  first 8~si.g c stable  prinary rtondnr?, if 
ovo~lable .  

C L I  m n  s r r )  n c r c r r n a c  
r m  t u n  r m ,  v r  ILcEun*. 

The process gf le tect ion (?emod,~!z!?oc! r enaves  tbe 
modulation (trcrsmitted intel!iqence) i i o r  a recei\zed r-! 
signol ond tians!o:ms i t  bock to i t s  crialnsl i o r r  53 that it 
may be used for communicotlcns or 0 t h  purposes. '!c'b.ile 
the P M  detectors erploined pie,,iously in this sectior! o! 
tt ,e t i andbok  ore used :c le r -6  ;late cr, ozp!r:o5erc~~;!a!c 
...., . . . , :.: 5,;"", 

. . ,  . , . . .  
. . . ,.," ~, : :!. <:eIecIorr e x ~ ~ c ~ r : e ~  ':,+: ;U~LL ,~O.~ : I~ :  

porograpb.~ ore used t: dcmodnlctc o i r e q ~ ~ e r , c y ~ o l u l o t e d  
( I  r i n  %cz\~se c! !he z~ri!~: : ' , ;  Let,:eer c 

circult cllurlqss or ~ i i u s t ~ e n t ; ;  t i  ~i,:.o?ulii!e i c k s e  
rnaduloted siqnol. 

41thouqb. the c i r c ~ ~ i t s  r r t ?  ?r TI.1 t i w s n i i s i o n  ind i i  

ception ore more complex tt.an tLlose used in I,:.!, 7?? i..as 
a number of odvantaqes which lor outwelch this disod- 

. - ,  .. .o,,.~,e. -.-- . 4- .. iT--..--. .. .r-,.-..L - -dv "..." nn,--- .- -. -. : !.. 2,:e: ;!.I is !te 
r e d ~ c r i o n  oi distortisn :LC :c nctl;:~! cr.2 ;;:on-r.dr rhoise. 
Most nalse occ;:rr in  t'c far. of c-pllt-2c -::::-lions in 
the r-i siqnol, and in .A?.:, the intelli?ence i s  olsa  carried 

* 
by the on,p!itudc vorictlor;~. .he  il.: receiver ccn not 
J:..:--.:.L L . ? -  ...-,.. 2- ,-.:-*:---"-,.,.-A L.. , , : , : . , , " , , .  , ,.i,:l, ,.. ,~ ,,,., ~ , .  ,,. 

tne lnteiliqence rrd t::orc c-!sur; r i  noise, cnc cons- 
quently reproduce; ht1- :keno:ce 3nd t h e  intel!:?cnce. ! c  
-, 7;: , i.o.iever, t-e irlt-lli--nre i 'nrriitj ? y  i r i ~ i t encv  VO:I- 

ot:fin< in the r-! sillll -:T/ !he ?d receiver i i  ,i..i.:ne.i :wn 

r iot  i t  does  !not responci to m-p!ltt:?i i , : ~ ' c t l o n s .  ;h:;e- 
qurntlv, the noise ri not reoradricid i n  the r?l r e i e i r e r  

" , ,  ",,rn,,* ,-,nnrtnn, "",.-,,,"-" "' Y ' i  l,rrl ,",, ! ?  t?,? "-.v".. . ... " ....yu. - . . ,- -. . 
p o s s i h l ~ t ~  01 ;i,'.?-bor< i;n~crnisniar. Epccilse of the 
higher ccrrisi frequenc:r5 nOl":n!li ;-& i .  frequency 7>zlL- 

i a t ! ~ n ,  i t  i s  pos;ii:le to , l i p  c .-.11c1 v:ider uona o! r o c w  
-, 

latinq ~ T C ~ I I P ~ C I P . .  .:.I: ;~Ic.ss TI.: to be rus&!o: suct.  cp 
pl!cotlr.;c oc b.11r ' ~ i p l l t ~  tr:ris!:lssion :S:IC~ nl: in !?I? 

;I.: ;r100CC.151 L.li,::l cr,: :or n ~ i t ~ c z ~ ~ n i l  1o:m~.'ll~ot~o~: 
(such n c  inco l -e r i i a l  cozmunicationsl. !.:oreover. F!.! 
transmitters v n  C I W  ie des lmed  to oroiuce 7 ncrn'w-ban2 

, , 
O,,~~,,l, :,I .,.,,5 ,,:<>:,,L<,,<::,;L id  ,A,.'.: .,L#,.-.,,,.l;.; ,,:.c,, .i ,L 

, 
<?:,l!ed ?- ,,L ?.,. L: , A > ! , "  : ,. Lu,,:,.;,,:i,=!: >.,i!,l!, .. : .... >li 
;",i,~,,.' , . i ~  . . . ?  . ,  i . , - -  ., , . - L : ) e  F?,, .. ... mnn . , , . I  cor.tcir; :be trccsm:tted intelligence ir 
. k tc ILr I , ,  .. 0: ,,,s,zr.l\::,eL.:.~ ;It,t:,lr,,c< "'::.,:I, ,:;.: :<, 3 cLr;.;I<,!!: 

omplituie r-1 si9nol. Ilerefore, to <cnol::lote t!:c rc- 
~ ,, . " -, , , -. . , . , ., - , . , , . , . , . , , . . , , . , , , , , , . , , . , . , ,, . , -, , , , , , , , , , 

Oii.J Ci( iil"-;(. ::(-ilii (2nTL. ': ...... .. '. .. : ,...... .,.. .. ".." ..u.. .. ... d ."..""* .".."tlu:;:. 
which O ~ P  i.ienticol to the v n r i r t i n n ~  in 1'- 0riolno1 i n d ~ b  
latino voltu.rt. Am :orlztior; in the oupli:ode 31 the r e  
ce,\.e.' ')." I r e  1 - 0  -.c.:" - 4  .;r\.;nn+r,? noire  3- 

:od,c,Q, G:,? .;;ill resl.!; i!., ,:ls:~r:.an G! :!:c ai;tp,jt :lz:.Ll I! 
-. -----; .L.-. -L ~ L -  7 , ,,, "*-. .>- :,' .-.*-. " " c  . , , , . .- I..lW.. . I . i i . i  "ii, i . i  . .. a i l - -  
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tor must respond t o  mput i r e o u e r q  venations, but not to 
input amplitude variatiors. 

Three types of FM detectors ore oreser t ly  in common 
use: discriminators, ratio detectors, 2nd q a t e i b e m  
detectors. 9iscr imimtoi  c i icui ts  ent.ihlt excellent response 
to f reql~ency variations, but a l so  respond to orrplitude 
variotions, and therefore, msJst be preceded by limiters to 
ensure thot the discrininotor i n p ~ t  i s  3f constant amplitude. 
Ratio ond gated-beor, d e t e c ~ o r  c i rcui ts  exhibit sliqhtly 
poorer response to frequency variotions tt.an discriminator 
circuits,  but when properly adjusted, do not respond t o  
amplitude voriotions. Therefore,rotio orqated-beom detec- 
tors are used when economy and simplicity a re  desired, 
and same distortion con b e  tolerated. Ciscrimlnotors are 
u s 4  when an extremely distortionless sizncol i s  desired. 
or precise  control of frequency (AFC) i s  needed. 

FOSTER-SEELEY DISCRIMINATOR. 

APPLICATION. 
The Foster-Seeley discriminator is used os the  detector 

in high quolity FM receivers to derodulote  the received 
r-f signal, ond in automatic frequency control (AFC) cir- 
m i t s  t o  transform frequency chonqes into d s  control voltoqe 
chonqes. 

CHARACTERISTICS. 
Converts instantoneous frequency variations into in- 

slontaneous d-c ,101tilqe variations. 
Employs a doubletuned transformer ondt,.vo diodes. 
Has very low inherent dis tor t~on.  
Must be preceded by a limlter s ince  the output i s  

affected by input amplitude variotions. 

CIRCUIT ANALYSIS. 
Gencrol. The Foster-Seeley discriminotor (3!sa known 

a s  the phase-shift discriminator) uses a doubletlmed 
transformer connected in such o wcy thot tt.e instantaneous 
frequency variotions of the input FI.1 siqnal clre conver:e  
into instantaneous omplituce voriotions. T r e  a m ~ l i t u d c  
voriatians are then rectified and filtered in  c mclnner s ic i lor  
to thot employed in  AM detectors  to provide o - c  output 
voltage which vories in amplitude and polarity as the input 
sign01 vories in frequency. The  output valtoqe i s  zero when 
the input frequency i s  equal  t o  the center frequency (un- 
modulated carrier frequency). Illhen the input frequency 
r i ses  above the center frequency, the output voltage in- 
c reases  in one direction (for example, become nore  pos~ t ive l .  
ond when the inpst frequency drops below the center fre- 
quency, the output voltoqe increases  in  the other direction 
(for example, becomes more neqotive). ' h e  specif ic  
palority of output valtoqe obtcined for on increcse or a de- 
c rease  in input frequency i s  determined by the d e s i m  of the 
circuit and moy vow in different circuits.  

' h e  output of the Foster-Seeley discriminator i s  d e  
pendent not only on the input frequency hut c lso,  !c o cer- 
tain extent, an the input amplitude. Sirce vorictions in the 
amplitude of the F:<l siqncl are due :o ur;;antec noise or 
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fading, they must be prevented from recchinq the discrimi- 
notor. Theie!are, the disriiminatar i s  normnlly preceded by 
o limiter sto7-s. The limiter produces on output o f  constont 
amplitude reqordless of variotions in the input amplitude, 
and bus, efiec:l\rely removes :t,e noise  from the recii.>e? 
FM siqnol. (Pefei  to sect ion 15 of this  Hondbok  for o 
complete explonotion of limiter circuits.) 

Circuit  Operotion. Tne cccompanyino circuit s c h e  
matic illustrates a typical Foster-Seeley discriminotor. 

Foster-Seeley Discriminator 

The  input tank circuit,  made up of capacitor C 1  cnd 
the piimory rvindinq of transformer T i ,  i s  tuned to the 
center frequency ( i p )  of the received r-f siqnol. Capacitor 
C 3  ond the secondary windin? of transformer T l  also form 
a tank circuit tuned to the center frequency. Copocitor 2 2  
couples the input sicnol to the center tap on the bolcnced 
secondary winding of tronsiormer T1,  rit.ici. i s  r e t ~ ~ r r d  to 
ground throuqh radio-frequency choke P F C  to form a d c  
return path !or the diodes. Diodes V I and V2 rectify tt.e 
signal from the secondary tank circuit and develop opposinq 
voltoqe drops ocross load resis tors  P land R2, respectively. 
Copocltars C 4  and C5 are r-f filter capaci tors  which renove 
any remaining r-f siqnal from the output. Tt,e output i s  
token from across the se r i e s  comhinotion of the two load 
resis tors  (from the cathode o f  V l  to the cathode of V2). 

The aperctian of tt ,e Foster-See!ey discriminotor cor be 
best exolainel  ~ i t i .  vector d i a q r m s  which. show the various 
phose relat ionshps between the voltaoes and currents in 
the circuit. The occomponyinq vector dianrom ill\>strctes 
the circuit phase relotionships when the input frequency 
(1) i s  equal to the center frequercy '!RI. 

The  input voltoqe applied to the primary tonk circuit 
i s  shown os vector ~a on the dioqram. Since couplinri 
capacitor C2  hcs  negliqible reoctance ot the i n v ~ t  ire- 
ouenoi .  ond r-f choke P F C  i s  effectively connected in . .. 
parallel with ti.e pricoiy tank circuit,  voltoqe e p  also 
appears ocross tt,e choke. '?!hen voltaqe ep i s  applied to 
the primary windlng of tronsiormer T I ,  a voltaqe i s  induced 
into the secondow windlnc -5ich causes  current to flow 
oround the jecondory tonk circuit. \\'her the Input ire- 

CHANGE 2 
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Vccmr Diagram at Resonance 

quency i s  equal I? :!re center i r e q ~ e n q ,  the tank i s  a t  
resonance and oc t s  res~iti , ,e.  Therefore, tank current 1s 

i s  in phase  witt, primaiv .:olto-e ~ p ,  c s  S ~ C W P  in tt,e .vector 
A:"".".. TLr .;."?. '1 - - .' - *--\ .  - ..-I*--- ".",'" ,,. . , I I ~ , .  . , < _  j L i _ i i  

drops to be produced ac :o~s  :3ch hcli c! tk~e bolonced -. , , 
secocdsry .-!?!in: n! !n?::si~:::.rr 1 I, :.r!c:: :re 3! rc':zl 
moqnltude cr3 opposltc pei3rlty i:~t'l r-spec! to t t e  center 
tap of the winding. Since the winding i s  predominately 
induct i~ie ,  tile voltaqe "roc ocrCSE it is T o  031 oi  ohase with 

. . 

arranqement, the .;o!tanes to sor.nd at each end of the 
seconder" windin" are l5Ooout oi  phose, and ore stnwn 
^" ""-1 " ^" ..CC*". .4."̂.̂.. 
i..; ,1114 -) .,, . I .Y. "I" ji". . 

71:e vol!a.rr c p ~ l i r :  tr t l l rpl3te  O! '.'i z ~ r : s i s t s  O! t ! !~ 
vector srri-. oi vo l t c l r s  w orlc! i!, silobrn as e, or )  t i -  dlo- 
-?-, ! ,L"..:;-m +>-, , , * l + T ~ "  ??-,,-,: 1- *bn"l",n -':,7 

2 .  , , . . . 
consis ts  oi  the vp-tnr ru: of , i~! t3ces  er CP? e,, show" 0 1  

e. or) the ~: ; , ) [LI : , .  S L : ; ; ~  ct :eso::o:~c:- :i,e:e L> :,c p!uh t  . . .  . . =*.,. . .. -v-  :. .-".,", --  -,.* ...? h.. ,.. c--c, - ............... - a  ................................ , -  - 
length L C L ~ I  'ii:ti V O I ~ , ,  oI1 i0,iei i ;  ~~i . L 
" r" , ) , !~~  .-,2u,~l uirjrv ,:,~rr.~,,t, : ,  , . I !  ~~ ~ L r , ! . , 1  ~ ~~~~~~ : ~~~ .,, I-- 

s l s tors  ~ : O L - I I C P  P ~ : J C I  nr.7 npnc-lte -;-ltc,m- 1:. 17: F,: ,z- 
..-.. ............ 7 - ' ,  : .-..r...-lt... .> -! ,.,,, J . . 
:re z!,::<*L :L +:! . : ! : 2 , ~ - ,  <r8:, s.;.:c :!.L"- ."!:..y:.. 

"rlin"rrc,.cp"l O.l.-, lip l,,rl,l :ni!7-e ?, .*:~"" >*-* . . 
i s  zero. C(rr- !I.,. -po-.'tr an'; .' , I  P -ecOn,+lT.i ..i".~lll-- . . 

cut ": piluae, U<II !  UI,C :,,,LC LL., ' :U~L~ ui  u L L N . . ~ ,  

c a n d i i t i c r  occurs is i se r i e s  of ii pliises occij;ini ;: t z i  
center r z i lo  i r eq i l e rq .  .Aitk,st~,;i tt.e o ~ p u t  of tf,e i102r. 
i s  a direct car:c!;t it conrains n :lcple co-wnent i t  th? 
center :iiu:.-rc~:. TL8is :-f :o:wri.r.t L; !iIt?r;< _! i~ 

. ............ - ...... L ........................... ..,,",. ,,,,,., .. , ,  , ., , - ,  -. ,,, F, , ,,,,. , F ,  , , ? , , ,  

to around (action is s 1 x l o r  to 3 power supply filter capnci- 
~~ ~ 

tor except for thelrequencyl. 
When on lnput frequency i - iqhr  than the cen te i f re  

quency i s  applied to the d~scriminotor circuit a phase 
shif t  occurs ,  and the current and volts7e pt ,ose relotiom 
ships  chonqe as shown in  tt.e acccmpanyinq vector dlaqom. 

Vector Diagram For Higher lnpvt Frequency 

%en o tuned clrcult operates ct 3 h a h e r  freauency 
than resononce, the 1nducti.e recctonce of the coil in- 
creases, v:t,ile tbe copocltive reoctanceaf  the tunino caooci- 
tor decreases. There!ore, cbave resonance the tonk i s  p r r  
?c-irately l~,?~c!!ve %c nc!s !iLe n? ind!:ct~r. k e l c e ,  
secondary cbrrent i s  logs tkte primary tank vo!t?je e. 
~ 1 . b -  ,,," b , ,  -r-or~c.,.v-~,--.. -.- ,L,,v L.L... e, . a:,; c ,  c:? a:l! !?! 2 e ~ e e s  

out of pt.ose, tt.e. arc a l s o  90 dei;rees aiit of p t , x e  -itt, 
the current whlct. prodaces tt.em (IS) .  TLII~E tile chonoe to 
a loqoinc secno<:ory cllrrent rotates the vector in n clock- 
,.,ire ;..ert.nn :"i"..i"" ," ,La .,",-,". -:,^^r^r. ,, ," """" ... "" ".~ b..".,. . ." "."" .. ." " 
that e, is brought nearer in phose with ep, w h ~ l e  e, i s  shif ted 
further o ~ t  of phase x t b .  ep. 'Y~.'JJ tl.e vcctor suz of ep 

and e,  i s  lorgei t h a ~  !hat of ep m? e,. Therefore, a b v e  
tt ,e center freqgenqi, disde V l  zonduc:~ b.ea.jiir tt.on 210:s 
\ r "  , -&nJiwintly, . ... "... C ' . . . . ' - - . A  ...... 
"L. ,.'",,",!~ L, .Ar"c,""cL "L.":,* .s 

! h , ~  F jni,alnna3 nrm;; Z; ,mr2 t i r  ,.nl,n,o on . ~ . .  + . ~ .  
copncitor ::,I i s  likewise jrec!er t! qn on C5. 7 . 5  comb!ned 

. . 
ourpat ' ~ 2 l i u 4 t  15 i!:eri iuri ,  '2 pr:..t..z v l i l t i ; ~ .  

.,., ,..-? "? ... ".,. ..qv.n* , ?  .."" ,-- .... -. . -. ...................... -. .......... -. .. -. ..... 
. . 

!s ocollr: tot;; , ! ~ i ~ ~ = ~ r n t n r  ,:!rz~.it j cia.-c ;)!it 0110 

,-,,-.,i* I , ,  : . , -  ,,,-, i . ' i, ..- lil,,, i,, ., ,i,. 
ct2r:e :u :;t.c'::: I? tr:? ~cc? :?~cT:~???  : Y C ~ O T  C!::rm.. 

'I,L.. . . .  ,* l . . . . . . . . . . . .  .., -,  , , , , . ,, , , 1,- .,,,or Tr=,.,,at,,~,, +: ,,, 
.~ . . . . , . . ,  .;-r.." ..-., ..L ...... " ". ... l .... i ""LL- 

-itnr . . . . . . . . . . .  i n , - r c . - n -  ,,;,In : ? ; , - . I .  . . . . . . .  e .a".-..-?.-- q: ,;c .?,I ... 
decrecsps.  ILp:ii,7.0, +lo:. -rsn",:--c t i e  1,:rli 1; r y e  

, . . . . . . I .  . . . . . : . .  . . . . . .  I . .  "" ...... " l-.l ..lll..... .......... ..- .. , "  ?,.-. ~-.. . ,-,.,.-, 
secondary c;::c:t : z  l eodr  ::i ;::n.c:.. !:::k ,,::!tg:c cp. 

,. ."n , Air\iaulh seccnl::;; ,,:ai;a.;r.: t, on2 e, ;re . iuu  .au ;c.arecs 
out o! p k r e ,  t L r ;  crc clso 9U 2eorc~ :  ~ ! t  3!  P'CTI. *.::! 

t ;.',,.: ... -, , . b.,?,cer t. i.. . . . . . . . . . .  . .  I t .  -'--..- .- tc : . . 
?""--" " .* ".-. .- '~."".,,,. ..................................................... 
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Vector Diagram for Lower Input Frwuencv 

clockwise direction. Fro3 the vector d~aqrom it is seen 
thot e, i s  now brouqht nearer in phose w~th ep, while e. 
i s  shifted further out of phose -with ep. Thus tb.e vector 
sum of ep and e , is  lmcer than thot of er ond e.. There- 
fore, below the center frequer,cy, diode V 2  conducts heavier 
than diode Vl. Cansequertly, voltage 313p E4 across P2 
i s  greater tho" E3 across 81, cnd the voltcqe an capacitor 
C5 is,  likewise, qreoter than an C 4  thus tbe corrbined 
output voltaqe is o neqotive voltcqe. 

When the input voltoqe ic ,varied from c lower irequencv 
throuqh the resonance paint o: tbe discriminator and i s  
then raised hiqher infrequency, the typical discriminator 
r e spnse  curve shown in the occor.ponylnq illustration is 
obtained. The usable portion of the typic01 "S" shaped 
response curve 1s from polnt A to po1p.t E in the i!l~strotlon. 
Between these polnts, the ciJr1,c i s  linear cnd the instan- 
taneous output voltoce is directly proportianol ta the instcn- 
t a m u s  irequency dev~otion. 

OUTPUT 
VOLTAGE : DECREASING INCREASING 

FREQUENCY FREQUENCY 

, 
I 

I PEAK 
I SEPARATION 

I 
j A 

I 

I 

Dircriminafur Response Curve 

When.~eok A-?l siqrals which ore too small in ornpli- 
tude to reoch the limitin? level pass thmuqi. the limiter 
stage, the omplltude vor~otions couse primary valtoqe ep 
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to fluct~~ote with tt.emodulotian 3rd induce c sirifor 
secondary wltaqe in Ti.  Since 1t.e diodes ore connected 
as half-wave rectifiers, these smcll A-\! siqncls are ce- 
tected a s  in a dlode and ODDem in the outout. Tris t:n- . . 
wonted AM interference 1s cancelled out in the rotio detec- 
tor (to he disc\!ssed later in this section of the Hondboak) 
and is thenoin disadvontoqe of the Foster-Seely circuit in 
comparleon wlti ott~eer F!.! :.:detectors. 

FAILURE ANALYSIS. 
No Output. A defect inthe pri-ncri i;indinc of trons- 

former T1, I n  the RFC, or in copac~tors Z1. C2 or C? mw 
couse a nwutput condition. 3se  cn ohmmeter to check 
the primory windlnn of transformer 7 1  nnd the PFC far 
continuity; nlso check hothfor leakose or shorts toaround. 
If these c k k s  fall to locate tt.e trouhlt, !use on in-circuit 
capacitance checker to check capacitors C1, C2 and C3. 
Note thot the failure of either diode will couse distortion 
rather than o nwutput condition: if both diodes foil, haw- 
ever, there will be no output. 

LOW or Distorted Ouiput. A defect in neoriy any com- 
ponent in the discrlm~rotor circuit may cause the output 
to be either low to distorted. Therefore, ~t is 3 w d  practice 
to use on r-f sweep Generator and an oscilloscope to isolote 
the trouble. First, ,Ise the osc~llosccpe to observe the 
i n p ~ t  to the disc~iminator to be certain that the precedina 
(limiter) stoqe is not at f31tIt. ij the irput sianol does not 
change in amplitude a s  t:.e i r p ~ ~ t  frequency varies, the 
trouble is mast likely in the discriminator circuit. To de- 
termine if the discrim~nctor is at fault. vound the qiid of 
the precedinl llmlter staqe,connect the I-! sweep qenerotor 
to the discrixirator input, ond connect the oscilloscope to 
the discrimmator outpm..t. '';,!it5 tt.e ?Keep oeneictor set to 
produce an output 'whih ,;cr;es nto.,? on? below the center 
frequency, the pattern o'lserved on the oscilloscope should 
be similar to the discriminotor response curve illustrated 
previously. De i~c t s  ~n t ie  arc,.:: -.ill cor~se elther tb.e en- 
tire curve, or o portion of it to be distorted or !lottened. 

If the entire response c m 7 e  i s  distorted, the trouble 
may be caused by either improper aliqnrent o: by c defect 
in tronsformer TI. First check to be certain thot both the 
primary ond secondary tonk circuits are properly tuned to 
the center frcouencv. I! the discrin~nator is properly clioned. 
the trouble is most probably caused by 3 defect i n  trons- 
former Ti.  

If only the upper portion of tt.e response curve i s  
distorted, thetrouble nay k caused bv a defect ir  diode 
V1, capacitor C4, Resistor R1, or trmsformer TI. Use a 
capocitor checker to check capacitor C4  for vclue and 
leakage,and use cn ohrmeter to check resistor RI for c 
chonge of value. If these checks foil to locate the trouble, 
trrmsformer T1 i s  probably defective. 

Conversely, if only the lower portion of the response 
curve i s  distorted, the trouble may be caused by a defect in 
diode V2, capacitor C5, resistor R2, or transformer TI. 
Check capocltor C5 for valse and lakoqe, and i;se on 
ohmmeter to check resistor R 2  for o chonqe of value. I! 
these ckecks !a! to locare the !:oublt., transformer TI is 
probably defective. 
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TRAVIS DISCRIMINATOR. 

APPLICATION. 
The Travis 2iscr inl iotar  1s ~ s e d  as c detector in F.: 

receivers cnd 10: cutornotic f r e ~ u e n c v  control (P.FC1 cir- 
cuits.  

CHARACTERISTICS. 
converts  lr,itar.taneo:~s !ii.caercy vnr:lt!ons into 

i n s t a n t 2 n e c ~ s  ?-c : l k a ~ e  var:c:?on;. 
Enploys o triple-t,:n-4 trcnsfoirner. 
Has lo.<; ~nk.ercnt dl- tor t~cn.  
C l r c u ~ t  1s 21fflcult to u l l ~ n .  
Must k orc,:sdei by a 1 1 ~ i t e ;  s ince the 0,lB.i.t i s  

11_.._A L. . . .  j. 
,AcL,c" " r  , , .~" , " , , , , ,A . ,  "-c "'X.<:,Gr ,.,, 

IRCUIT ANALYSIS. 
-. 

Gsnerol. I r e  Trc>v!s ~clzcr!nlcn!or ,:se; r;o reccndorv 
tonk circuits, with eoci. tank turned s o  s l l ~ i ~ t l y  c!!ferent 
resonant frequencies to convert the r?.' Input slnna! i r e  
quency variations into ornplitude variations. The i-f iirnpli- 
tudr  vorict!ons orc tiler! rr-!!!id ur!i f ~ l t r r d  to prolwce ; 
d-c outp::! :olta?e w5ic'.,:c:l?r ir iccor?orce x ' t b  *LC v-.r.- 
a t ions of the input ! r~quel ry .  Wbe? the inp~ i t  frnq~;ercy i s  
e:l.d !c ti.. center frequency i,:-mc<~la!eC COTT!~T  ire77!9??i) 
the discriminator output vo l t a l e  i s  zero. As the input 
frequency r i ses  obave the center frequency, the output 
voltoqe increases  in one direct:on, for excrnple, i rcreoses  
In the pasitlve i i rect ion,  m i  3: tile input frequency drcps 
&lo.,; t t t  center ireilsenc;, t1.e 08,tput b o i t x e  increases  
~n the other h rec t ion  f o r  encmple, increoses i n  ti..e neaotive 
6irectlnn). 3 1 s .  ti.- . ~ C ~ ~ P ~ O - - C I I S  4iccri-ino!ni n,!!Di! 

vcltoqe i; ?crcndent c?. t ' e  !x!:.:zneo!!s incg: !r.vcer.:; 
deviatlor (s!.;it) from tist ccr ter  !req,lencv. 7le specific 
polcrlty o: o ~ t p u t  v a l t c ~ ~  o b t c ~ z e d  for :n lncrczsr or r: ie- 
r r ~ a c n  !n !npll! i r z : ~ : . w ,  .; ,4.-tPrF!ln< L,: 1" ..if.!7n nj 
.L. .......... 
L,,C L,,L,,l, ",,L , , ,dy  , a . y  , I ,  i , i :r .e, , l  , 11,; , , t * ,  

The  :;cvls disc::-:nct3: o:~tp;t 1; ::C:C~C~,: x t  znl,g 
on varlatlons i n  t . . i  1rp:lt frtq~rnc!,,  Siit o lso to a certoln 
extent, on ;.oriotlans in !he i n w t  ixcli:~;de. Since w i i -  
otlons in tne omalltuie oi  r::e 7: sloncl arc CO~JS& 3\, Y.>n- 
wontec ro lce  or ial!.:, t t e v  : se t  'k 2rc.vcctt.c i r o ~  recch- 
In3 t!!e Clscrlmlncto: or !I.e  cult rep:oJc;e 1t.e UII- 

wanted nolse as well oi the j e s l r e i  intellinence. 'To DIP 

vent ti.lr: the ilrcrl-:n:tor ir :r;tcIl,: orec~d?! !v v Iil-it~r 
. , .  

SUE,, ,>:, ,!IO:.F ~ x t > i < > ~ r > ~ , ;  i ~ ' ,  .--, ; IOV : . ,n I .  I r >~,ir.,r,rm<. 
-. , , , - , ,  , .  . . . . . . .  : ' .  . . .  . . .  ' . .  , I  i i i i  

p .  : , :  8 : 8 ,  , . 1 :  . , 2 .  

thus effectiveiy ei l r . inates  any .::.I co isc  frs- r5o i':.: 
Li,u:u. 

Circuit Operotion. i ! .E  9Z~0' : .~2:? , i r l~ SC! C:..zll: ...................... ' . .  -. ... .,,--.,-, "",". , .~  ~ . . . . . . . . .  - . . . . . . .  
uGDOCL~O: ,, J :;:I< ::I? p:17.Wv ':.,Z~>l;? , ,Lpj  a: t;,?n.:- - 

hrnei 1 I iorn, r : ~ q n ~ n ; t  tnnk ,:irrt~!: : h ~ , - i  i s  t .w+  tn 

the cer ter  frequercy. T i t  i.pper k.alf ai tt.e secoi~darv 
,v;".J;p" ,I .. ! "' .."?"'" .-*. - . . . . . . . . . . . . . . . . . . . . .  ! 0-.: ?.Tcz:!?l ^ i  !?TI 3 
:cscr,an. .-->. .:.- < ,",,h .,,..,: ,.":,:ct, ::, t .At.,? , > t o , ~ ~  t! c ,:enlc? i:e - ......... 3 .  ............... .>" , ,  ,> ,, , : , , ,,, !c~,,,c, ., , , -  . < ,  . , .  
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Travis Discriminator 

Input f r e q ~ r r s y  .e,.:ct.?r. 1:e :o;,:er Lul! o! the seco:!?~rv 
windinc !L3,! of t ix iCs-me:  T ! :::? ccpccitor :? fv:- 3 

resonont t d  circuit ,,;..ti:' :s !,!?:6 l e ! ~  !ire ct.c!ir ! r e  
"#,e"c\, A,, tbm sc-n T-C,:"! !! c: t:: ,:pze; 2r,tc .-lr7,:lt :; 7 -  I - . :  -. . . 
tunes cjave 1i.e cer te :  irct;,~cncv. I be r-f s!onals fro=. the 
two tank circ ~ t s  =re r ec t l f~ed  bv diodes Vl and 'ji, ord 
a d< voltage i s  developed across  load resistors R1 ond 
R2. Capac!tors C4 and C5 orc i:!ter capacitors ;thich r e  - . .o;e r i e  i-i ripale compoztnt from tr,e i e t e c t e i  ;lonois 
de-eloped across resistors 3 1  ond I??, on3 holds ttlese 
voltanes r r l c t~ , i~ !"  cnnstont. Tile f r t r ~ !  ntltn8:t ..O!~?~C. : c  
taken nciozz t t e  series c o ~ i i n s t i a r  n! rPr!sto:; ?: 3rt C ?  
(tb~ot i s .  from tt.e c a t h o i i  o! Aode ';; to r raundi .  

'!hen an inpl;t .i13nol xi th  a frecuencv eo1131 to the 
nnt.. irn""~".i. 3 .  ,. qp$!."!l prl"rll.; tZlk circ.li! 
(LF on2 C:;, 8) V L ~ ~ U  i t  ih III~UCC~ II!IU i!!t secondor,; slri- 
i?,q of ::c~s!o:xc~ T 1 :;h;L i l?~.clzps r-f i o l : a a e ~  i f  e ~ u o l  
amplitudes in sfcondory tonk c ~ r c u i t s  i s ,  cnd ii, ard 
Ls, ond 23, os shovin ir tt ,e ccco-oonvlm illustrotlon of 
tank clrcr!!t rrspop.sc. 

S l ~ c e  ti.. t,.vo secnqinry tnnk clrr'ut; nri t':ner! to 
resoncrlt :reqJercles :!I an? 12) eculdistont iron the 
center freowencv, bath tank circultc are t : lwd o!f-rescnonce 
Sv en!:nl c r c l t r t s  n;? -q:lnl r-' vrit:-er 1;. prr '  TI; O r  
~ite  W S I L J V F  i ,:if <)i ~ r , r ~ , v  ,.,~r.ie npo6m ni ''i; l c  
;I;:,;:,v<: ;-; - .  ............. , , . ' ,  % 1; ,,,. 5 l r r0 , j -L  re<!st,,r T., ?m,:*ip,pirlc 
,. ,.-- . .  ~ : . . .  : ,,, :, '......-"me.. i-n . . ,.. ....... 
matic. Sirnuitarm :-I,:, !h anode oi  ;lade i Z  is also 
i)as:iivc or,,: I: r 2-5 L .ID .i ii,x li: ars;jie; ocr!,;i :.L r:u 
ccrrent flo:: i s  eoua! or12 3ppv.s:te l i c t  of 3L '75e:eiore. 

. ................ . , . -  ,r,,,.. .".".. ..,- ." .- , ,  . . . . - . . . . . . . . . . .  ... . . .  ... ........ ! . .  ... " :  . .  .;.- -- 
"b..." ...... b" ,," . . < ~ ,  .........., ,.. ,. ,\,. , ,,,. > \,"fi. 

dltion i s  sl-nwn nr tFp  ?:.rtnr fjill:pnry ! f 7 )  "F t i c  n ~ ~ n r : .  
panylnrl iiscrlxinator r e smr ; t  curve i l l ~ s t r u t ~ o n .  

,,..,t"-ar " ~ ,  . c A c . : ~ l  mp,-; --.--. .. . . . . . . .  -.-.... '? "A  ..-'-tc. . .;...! L 3  A. - .-L- .-..-, ..... 
:espe:: ta  7?otlr,2), . . T ~ I J , I =  x, ~ - ~ e I o p ~ ~  acrobs IG~u,: 
.- ...... n. . .  , , , . G n r  , , ,  T !  - , I l ~ , , , P , t ~ , ~ %  , , , , i t , : :+ 7% ,<  
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PEAK SEP4RP.TION 4 

Tank Circuit Response Curve 

Discriminator Rerponre Curve 

equol in moqnlf.de and cppos i t i  in polaritv to voltcqe E, 
a t  the center frequency. Thm~s, nt the  center !requenc.i, 
the  output voltoqe ! E a u t )  i s  zero. 

When an Input frequenw hllt.er thcn the center ! r e  
quency i s  applied to 1t.e primary tcnk circuit of the discrimi- 
notoi, o voltase i s  induced ir.to the s e c o d a r v  w ~ n d ~ n n  of 
transformer 'Ti  whlci. i s  neorer to t h e  resonant frequency of 
the upper tank, and tt.erefore, a lorcer vcltcqe i s  opplied 
to V l  onode. Consequently, V l  conducts heavier ond the 
larger current flow throunh R l  produces o loiqer d-c output 
voltage, E 1, chorqlrl? 'z4 !c o :illb.er volue. In  o sirnilor 
manner, the voltaqe d e ~ ~ e l z p e d  across  the lov;er tank circuit 
a s  shown by response curve 3 is further awov from the 
lower-tank resonant frequency and the positive onode volt- 
age on V2 i s  1ov;er t i a n  t5at of 'Yl. Hence, t i e  small cnr- 
rent flo-N throuqh resistor 02 develops a smoller output 
voltaqe, E2, ond C 5  i s  choroed to a lower value. The net 
output voltaqe, Eout, across  the two resistors 1s positive 
when the input frequency i s  hi-t,er t i o r  tb.e eentei frequenw, 
s ince  E l  1s always posltl,:e and qreoter thon E2. ::'hen o 
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st i l l  hiqher frequerc.: i s  appllec tt,e piixary tork, 1h.e sa:p.e 
action occurs encep: t i a t  E l  becares muck. larner ;nd E 2  
becomes xuci: sn l~ i l e r .  Like::ise, ,when the input I r e s u e n o  
i s  lower ond reorer the lower tcrk frequency ti.e oppaslte 
condition prc;oils. Tt:ot 1s E l  Seccces saol ler ,  .xhile E2 
becomes lorner. Corsfo~>ent ly ,  tLle net o!tp,lt '!oltc':t. 
Lut, across the t7,o re i iz tars  i s  nemti,;e when the input 
frequency i s  I ' , ~ e r  tkon tb.e center frer,:ency, s ince  EZ is 
olwoys neqa t i j e  crd 1cr;ler tb.cn Ei. 

T h s ,  the output .;oltoqe j f  t i e  Trcvis discriminotor 
vanes in maqnlt>de and po la r~ ty  c s  the Input freouency 
varies a b i j e  and hela,,! t t e  center frequency. A s  rent inned 
previously, tt.e disciiminotor o'utput i s  dependert not only 
on the input freqi.ency, i s t  a lso to a certain entect on the 
input amplitude. If  t i e  input slunql omolitude drops belo:.: 
t h e  limitin? level of tt:e preccdinq limi:sr s taqe,  the s isnal  
and any variations in ti.e s l7ral  anpl l tude :vill ODpear ot 
the discnmlnotor. Since the discriminator dio'es are 
essent lc l ly  holf-wzve rectifiers, they .::111 d e t e c ~  the arrpli- 
tude vorlotlons in much the some manner a s  on AM detec- 
tor, producinq noise in the discrixinotor output. Thus, for 
proper operation, the Input sionol to the l im~te r  must ol- 
ways remain obove the lirritinq level of the stoqe. Another 
disodvantoqe o f  the Travis discrininator i s  that i t  i s  difficult 
to olign because eacb. of the three tcnk circui ts  r .ust  be 
tuned to o sliqhtly different rezonol.t f r equenq .  Fecouse 
i t  i s  sensi t ive to amplitude variations, and becouse i t  i s  
difficult to oliqn, tb~e Trwils discr in~irctor  i s  ro t  often 
used in modern FI.1 circuits. 

FAILURE ANALYSIS. 
No 0 ~ 1 ~ ~ 1 .  Loss of Input siqnal, tt.e failure of c w o c i -  

tor C I ,  tronsfarmer T 1, c r  both dlodes con c a u s e  a nodutput  
condition. (Not- that if only one diode fails,  1i.e output 
wi l l  be distorted rother than completely absent.) I f  the 
diodes a re  not a t  fault, either transformer T1 is defect ive 
or capacitor C1 i s  shorted. 

LOW or Distorted Output. The fcilure of nearly anv 
campanent in the Trovis riiscrininator r r iay  cause the output 
to be low or distorted. ;herefcre. !t i s  cood practice to 
u s e  on r-f sweep qenerator on.' on osci l loscope t o  locote 
t h e  s o ~ i f i c  oortion of tt.e circuit that i s  fa>!ltv. First.  
u se  the oscilloscope to observe the input to the discr ia i -  I 
nator t o  be certain that the trouble i s  not due to distorted 
input siqr.01. I f  the correct discriminotor ~ n p u t  sional i s  
present, ground tne ,]rid of tt ,e l~rniter s t w e  precedinrj the 
discriminotor, connect the r-f sweep qenerctor to t i c  dis- 
criminator input, and connect the oscilloscope to the dis- 
criminotar output. Kith the w e e p  oenerator odicsted to 
produce an output ~ i . ~ r o l  :,!:ict, "ones c b v e  cnd below t i e  
center ! req~ency,  a chorccteristic "S" st.aped discriminator 
response curve will he o b t a l n ~ d  11 the c!rcuit is operetin7 
properly ond o l i p e c  correctly. l lefects  in t$,e clrcuit or 
aliqnment, b,o.!;ever, -ill ccuse 3 portion 01 tbe respon5e 
curve to be distorted. 

If only tke upper !posit~.ve) wr t ion  ci 1t.e response 
curve i s  dlstortc!, .?. t r c h l e  mTj be co :~sed  by a defect 
in  diode V1, reslstor ?,I, copccitais 2 2  or C4, transformer 
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T1 or misa l iqment  oi tsnk C,, LS,. Chiack resistor R l  for 
proper value with an ohnmeter, and check capacitor C 4  for 
proper value, leakage, or a short with on ins i rcu i t  capaci- 
tance tester.  If  these cb.ecks foil to iucate the deiective 
component, the transformer assembly (consistin3 of Tl and 
C1, C2, and C3) i s  e l h e r  misaii2ned or defective. Check 
the alignment. 

\'<\:in only tt,e lower :ne,aot~ve) portlo" of the response 
cur je  is distcrtec, ;: -.c; Sf ccuze? by 3 defcct i n  5:dc 
V2, resistor ?2, copocltars C3 or C5, t ions ia iwr  T1, or  
misalignment of tsnk C3, Ls,. Check resistor R2 for 
prapr7 .,-l,,p . . . . . . . .  ,,., .- -- -.. -"--.,or - .......... , mz check ccpcc~mr Z C  ic: 

prcpe: uq!:;~, ! r h , ; r ,  :: c s tc r t ,  .:::th cc ?r-a:?:.! cc;a=?- 
f""? tn ,?- T. *La<-  --,,-v< ,-.I .,- I?,--+- ,.,n .m.ecv..,o 

component, tnp t i u i l s t o i ~ ~ i  osselrkly ( i  1, L i ,  CL, m i  is, 
is ci:!,cr :,,,1:2!; ;r,~2 cr ,!,.:Lsic. Z?,eck ;!,c :h:r,;,z,:. 

E ~ s t a r t i a r  31 ilottecinz O! t i e  entire response curvc i s  
...... ,,c,, "ll., -,, ,,-- z k\, , " ~ " v m . , = ~  ,.I! -?. - ' , L a  : : . - ?~<4~" ,~~  .-.. ....,....r..r.. . 

although i t  may a l so  be caused by low diode ernlssion. 

RATIO DETECTOR 

APPLICATION. 
T lire rr:tio rii.ti.ctnr i~ #J.>C? 111 G! r e c ~ i ; e r s  to dc, IO~?:J- 

i a t r  ti,e itcel,,rd r-! ,I i r l - i ,  in: l i ~  u.,lu,:.ulic ioitl;,le c o w  
trol (AVC) c ~ r c u i t s  to trapsfor- f reqiercv c t o n c e i  LEO i - e  
contiol voltaqe chon.;es. 

CHARACTERISTICS. . !  f : ^:=:.CLs I?. 

stontoneous ?-7 .;rlt,.:r v7r:otiors. 
r ".. j. k t . ,  . :..-~.' P... . .,~:. . 4 - 2 ~ .  ". I _/ "..,,L L ,  . . . _ . . . . . . . . . . . .  ̂  i... 

7,cs .,.cr ", ,<,;, ]. . ,,..,,,. . ,  ., .. ........... ,_ 
01;131jt n3t +!fctel! 110-I! c-o:ltu~!i .!cril:iors. 

CIRCUIT ANALYSIS. 
Generol. i.n 13!10 JC-~CC!OI 2:~: c ~ ! b l e  tl;:ec !:mi- 

, . .  
iorrre;, conrcc'ca so tr.01 :re Icirlntnreo2: i r t7uenl . i  
vorintiors n' t b p  I!.' ,-rllt ;1m1-1 "1'. ^n~:~r!-". nto 17 i tn r -  

tcnecss  crp!:!:!? ;cris!ione. ?4?- ?-0!:1'1i- ~icr!<':c-i 
ri^t,l inA I" .,. ,,.. :.!,," .Ii. ".+".,  .. ,Li" i  ..^.,n- .- -.,,. ... u u .. . . . .v .  ....... - ..... .... 

~n o n a l l  .!', I , : , !  o I ~ I : ~ I . .  1. t h ~  I :  w t  . I ,v,ol , . , : t ! c , z  1, 
- 

i:~q;ercy. .!:c r ' : tp . t  ir zcro ::kr 1-c i r .p l t  ireqicrrr; 1; 

rr;.o! :3 :kc center f requency ' ,:. :. . ,! :,: : -::: .: v:- 
.. , . . ,  ,-. , , -, , .  , . . , .  . , . . . . . . . .  a .  . .  :. . . . . .  
f r i 4 ~ ~ : , ~ , .  t : . t  "_ltL". .-:,::.= .,.::=.::.:. . ,J!,E :I,=-:. . A .  
.......... , ........... -~ - .  ..;' \... - ..-...-.-. . . . . . . .  "-.. ..... 

,, , , , ,,:,e,,, t t e  i,.b,.t I-*<: . , ," :r<,L: .3c,, 1 ,. ce;,ter f r . ~ -  
qm>.rc.. , , !Li ?.!1. , !1 .,.!.?-- !yrr=rcp:  1-  t = "tLFl illL^!!?" 
I!?. i.v",.n!n :,n-"..r,, .n.-,:. , , T,,. ,..,"c,,,.nn, -,,. ... ̂'.LA ^ . - . . . . . - I  ....* . ? ..-.-- A -. ..... . . , "  \>, ~,-u>,.d-, . :,..: ." ,... . . . . . .  2 ,., r .- 
r e  1 " I  r ,  : I , i , ? .  I -  i t. .ti>,,,, "1 

r L P r l r ? , , , ,  .,, . . .  ,,"- , 7  .. ....- ... - +  -,,- .. 
C i r c u i t  Operat!on. T! - I::- - il .L.:r,.  ! n :  . rL .! . :- "-"... <,I,,",.","" " ,,,",""I ."+," 2".-".n. ..-........... . ......-.....-.. . . 

Ratio Detector 

- ~ ~ 

! t 1 r i t ,  x i  :> O t  CiD;eiti: '- i -. 
the prim.lry ;u!.l'.!.,.. "I t l c l C ! C l l . p y  ! I ,  ! C  f - ~ l ~ , i  t" t i -  
center i:eq::er-. ' ir) n! t ! . ~  rice!:-cc :-f s:1;:I. Cm;cltor 
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Vector Diagram ot Resonance 

flo,a oroljrd t i e  ;r;ord;r\r tack clrcuit. ';,'hen the inpu: 
frequency i r  i t  t i e  cent?[ !requercy, tt ,e tcnk i s  at 
resononce and oc t s  resistive. Tierpiore, t m k  current i s  
is in pilose with the pr l rary ,voltace 4, as showr i r  the 
vector dloqran. 7 t . e  cllrrent flo..;lrg in t i e  tank causes 
voltage drops to k produce? across eoct! hclf of the 
halanced secordary r:lnd~nq of transforrer T 1, which c re  
of equol nojnittlde on? oppasl te  palority with respect to 
the center tap of ti,e ,>;indin?. Since the wind,"? i s  p r c  
dom~notely inductive, ti-c :.altoee ?:op ocross  it i s  ':CO 
out o f  pi-osc i i t i .  the c,tr:ent tirou-ri 11. Because of the cen  
ter top orronqenent, t!,e voltcccs to 7roun2 at eocl? cnd 
of the secondary a re  lEOO out o! phase, cnd ore s!iown os 
e ,  and e ,  an the vector dlo,~r-m. 

The valtoqe nppl!eC to the cathode of 'Vl cons i s t s  of 
the vector sum of voltaqes EP and e ,  shown as e ,  cn the 
dlogrcn. Llkur:isc, t i e  ;.cltoqe cpplied to plate of '$2 
cons l s t s  o f  the vector sum of voltoqes m 0°C e,, sio-;n a s  
e, on the iilooro,. Slnce 31 reson3:1ce there 15 w ppiose 
shlf t ,  voltage: i., a:>i -. are n;l.l;l 31 shwr. 5, the sorne 
length vectors. 

Consider no.; thc lnonner in : :hci  :he t ~ i b e s  operate 
with the discrlninator volto7es discussed o h v e .  ://hen a 
pasitlve inprlt siqnnl 1s applled to L I ,  o voltoqe of opposite 
polority is lndtrced into seccndcry L;. As sho'vn in the 
occornponyin.; slmpll!~cl! schernctic, the catho?e of '!I i s  
neqotive :ath respect to : : z  alate, ;:bile t+e plate  of V2 i s  
positi,,c will resppct !o i t s  cathode. Since hoth voltaqes 
ore o! c q t ~ c l  r . o ( ~ n ~ t d e  ot resonance, b t h  tubes conduct 
equally. Hencc, current flo:.: throuli- Y l  i s  in o r e  directicn. 
:vhlle ctlrrent !lo-, ti.rou I!: '!;is in the opposite direction. 
?his d i i ~ c t l o n  of currcnt !lo,:; ccuses 3 neqctive ~ o l n r l t ~  

0967-000-0120 DETECTORS 

ot paint A an? 0 p s i t l v e  p l c r i t ;  c! p l n !  2. 3"' tbroo?k 
Ps applies o pasitit-e :b:r:e t c  C1 In  a similcr ncrrer 
current fla,:: t i r o s q i  V2 ~ r c i : c e s  o ~ s ~ z t i ~ e  p l n r i t v  ct 
p l r t  ii nrd o po:lt~.;c C C I ~ T I I V  at ::. !icr~e, cou3cltci C/ 
1s ct,arqc? r e . ~ ~ t l s . ~ l v .  Slrcc the m l c n t i e s  ore odditivc, 
copac:tor C 5  ocross t l c  o'.!'~,:: cb.or..is to t i e  serles .:olue 
o f  twice this voltoqe. In the exomplc shown it is assurnel  
that equal hut oppo:;ltc .:oltoles of 5 volts e r l s t  ccross  
C3 ond C'l. Therefore, t t e  tatcl :'.cr.:c orros: CC i s  li 
volts. Slncc I),- . ioltaqes 3cross C? and C4 are equol in 
aolplitwde and of opoczlte oclcrity ti.e output scrass load 
R L  i s  : l , i  ~ & e b r o i c  s u n  or xr3. 

Current F low and P o l a r i t i e s  at  Resonance 

'tihen t i c  input e :-c!  reverses p"lor:!v, tb,e secon.!~n, 
,voltos;e across L.2 01;o re.erses polarity. 7he cati.ode of 
V l  is na-; posl t l re  : i .~ t i :  respect to i t s  plcte, and the plote 
of V i  i i  -e:,:tlv... -*.!t5 respect to 11s cathode. Under t i e s e  
conditions neither tube conducts, and there i s  no out- 
put. :~lec~:,,:,.i.llc, C5 re tams l ras t  of i t s  cb.aroe because of 
the lor?. ttme constant ?,:.ppl~ed by P, l and R2, and dis- 
charges very slili-tly. 

>$,  riher c r  inp:lt freoocncv ~ , I - T ! E ~  thcn the center f:e- 
quency is oppi'ed to ti." detector circuit, a phasc st.ift 
occurs cr? tile c8jr:ent crd ,:oltaje phose relotionsb.ips 
channe os :i.own ir tb.e ~ c c o i o a n ; l r ?  vector diaaraz. 
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Vector Diagron br Higher Input Frequency 

,," ,dP,er. z :.Jr.c : -::: .:t rc?:s!c5 Z! z !.::her :rcq~,":,:,j 
thm re.c.v..r.cr.j : r  ,. ;.:: .., , .; "-r ?: .!.- - . . . . . . . . .  .?i! -.. 

... L.1-  t i ;  ..n -,-^-,"""^ "' , "."^ . . . . . . . . . . . . . . . . . .  . ....... 
. A C  -.-.. . .  --.- '--- ..Lr..- -- " . . . . . . . . . . . . . . . . . . . .  " ........ !kc 

tank is pre~:om!nafely :nC.ctive - ,r,., ; --I- -L a lik. a~ !!~8,:s,r+cr. 
Hence the secon?~r ,  .r-c?t i?, loss  thc prlrnon. v o l t a x  

ep. AIttioti.aL1 C C C G I I : ~ ~ ~  .o:t; IC P, a d  c ,  are still , 5 i  
deqre~s n i t  oi cbn.;r, t . t ,v  cre olsc K, ,?wrees oLt ,:f 
p i o s r  : . i r i  16- r:.rrPr.t :+ r,ro,! ,re.. . i t . .  :i*;j. i i~ . : .  t i 8 e  

chooile to !,:-?!n iiwcrdcr,! i\!r-Crnt ro!~!~;. tie \rector !r 
g 1 . " "  -.:.,r'c - 1- ,:-. >..-tnr ?lol?"- i f  

cc; k,, .' . . 1 , : :., : i t  . r..;:.; . < :  .::, .::, ,:i, ..:.l:c 
P, IS i - i f te4  it:rt'~e: oilt oi p ~ r p  -:.'ti m. ;.:)\IS trw --rtcr 
, < . . : ..~, . . . . . . - .  :,,.. ? !  c. p I:,,: ' e,. :-, c re io le ,  

ctc.:r t t c  cc:::: i r . 1  :::;:. ;:! ::!:ct i: ;;c!:z? !0 :!; 
. . 

catha.ip ni  '.. i :c~c:..P: :ri.:re: ti.cr i.,, ~I:P VOIIS :i. W Q I ~ C ~  
lo the plutr cf 

i e t  :ls no.; incm.lne tt.e m3nner ir .v t lch t l . ~  tllhes 
operote : !  I:,. i l i , - r ! - : .>?cr .:c!!~.:c~ -:...t.!?~.< 3hovo 
mso.C!.:c.? ,:: iiir:!<:.?< ghfli'". ,'.'hCl. 1 i"c?!?ie 1r.r :! 

;i j ia! .: Xi!.. . tc  ! ;. 1': :,I:,,? Dc,l,:ri:y :: ic., :k,e 
previous euc:nplu :~?:.!s-ei c ! b ?   ex!:!^, noroel%,, ' I  I 
"",L?,,o , , ,,. p-..,. , ,..- - " A  ','?"I",<, : . - r nc  :*:,,<, 2 

~ ~ , ~~ 

k .  " 3  * : .. . I  ... -. 7tn.-  ." .*........ . . . . . . . . . . . . . . .  ,,u,. . L ~  . , L . ,  . . * . . . . . .  
6 - . -  A,"-- , -.- --.- .La- -.-A- ,, --. , ., .,,, . . . . . . . .  , , , . , , , . , . , . , , , 

, .....-. ... . "L". .". .- -I."",- "" -* ." ..p---.- , -. '(."L . . . . . . . . . . . . . . . . . . .  
r t . . , p:L.,2: .::L-': ;t.-,,. -- Tb .. ...- ,-- :  ,-- !n :NO ; b - , l r m  yn 5 . . m i .  -- :!..- .... -" .. ! 

. . " - . * , , . , , , . , - . ,  , ., -..< . . , ? . ~  ' .  - - * - ,  * ,.,?. 
, . , ,-  .?-- "", *- ' :  ,'- l,.*-.,* . -- ...... " . .r..' .,, , . ,  , ., , , ,  ,,,, ,, . , ,,.,. 
, , . . 
: . , ,  : I  .... ;I. . . .  ,:..it, 1.L :.b. 

~i +hnci . n- I , I + - + . - A  

t!.: i!.~,:! .t ::::: :, !>L! ::.:,;, :!.L W!C!.?, c! !!? 
rarn.i^.,. +:.; k."c.n" i n t L  -linr-~; I n  .Ln nnnni,tn ........... . . . . . . . . . . . . . . . . .  . . .  uy"". . .  
'd:r?~!l<>r ,!, . !>!-,?-Lt,,.: :"r:J'::,l5!.. 1 J r l : ! :  !I,= :#<!!'- 

, , , . . , - -r.=: ..:-. ,,.I = , - .  - -. . . . .  . .  , - -. , , ~ v :  

, .? . . . . .  .-.. ~ " , , ,  , ,  , ,,, , . , ,  , , . , .  

Current Flow and Polarities Above Rerononcc 

, , - : ,:\ ]a:.tr r-,,:r t i c  i i n t r r  ir- 
quency I F  c x i i ~ c :  TO .. ,~ , !a re r~?r  ,.:rct~il, <I cjrr:.:? l i t  
olso occurs,  on^ t c clrrent and ;alto?; p t : ~ ~  :elat.on- 
ships chcnle os  srown in 1't.e accomponylrr ./ector a i o j r 3 .  

Vector Dioprom for Lower Input Frequency 

,,.. 
viner c tdru2 :!1~11t o~erctes ct o IWCT ire~~enc: 

than risi::ll;ee, t'.,e cupoclti ,? reactance of the tunlnl  
copocitor increases, r'i!?  ti,^ ind.:ct:ve reilctancc of t!ie 
coil d~ciecsi~;. Theiefori., i.p!ci I P S O ~ O T P P ,  t t e  tank i s  
predon~nntcl,; ;cp;-:'.. ,- 1-- 1 --'- . . ! i t .  IPenrp; 

sccon?3r.;; ,:: c;:: . , ,cadr .L ............ . -.. r , .n I~^  "" ," ,c cp. ,AAtt,3,.,7t. 
secondary voltn,xs e ,  cr;;: F, i r ~  i t i l l  150 ~P>TFF:. nut o i  
phase: tholi i r e  : \ s o  C!: Jo7 r005  n,lt Q! nilnce ":!t i  !LO "IF- 

rent ,,t?et .rs'.,:zr :!.-. 3 5  t i e  ~ h . ~ . ~ ~  tc ? !k?ir7 
cor?nn"r,, r , , r m r t  mt^lec  t i n  . n  m,,n+nrrlr,r,.. ,.-o . . . . . . . . . . . . .  - .- -. . - . . . . . . . . .  
*,ILC!II;.:, . .-. 3 . ' .  ..,. <'.' . ..",. . ,. . . ..... ,.-,. c." !, ?:, 9.: ,<.,,, .b,., , , ; : , - - . . . .  . I  . . . . . . .  . . .  *, ..- , , 
f t r t l c r  o1.t ~f r.L:crr :: t i  -7 .  T1 s t t o  o i  FT 

-: 
i.,, ... 7.". r i , ,  ,,. ........ ,>,, ., .,,. n r u  ;P 0 .. 

cecte: :rp<~oerry, e,, .,,I:z~. is  CDC!:?: . . !T *I:? :1.>!+ c f  ~ , ' ? ,  
:x -~ , r ,c"  ;?-"tk? t:."r, L,, ::.c .-::> .: -!>P;.c: id . J. -. ,.- ~, "i.<.n,j .- - - a t , m  - L,-. .- ,be -,-I ,-.,- 
tie- a-,< ;G1;7;c- ~;.,~~:p:,~ j;- t i  - ! - i T  t i ;< rC:Or.7r,-i 

c.r,l!!!pr, (\"c. 1.71r,  ! ;P: ' ! m e  c~n+,,P,s"" b,!* . . . . . . . . . . .  . . . .  
t ~ x t  ,.; !. :or.;.~t.!. , :.aye t b , ~  . 2 ,  .::#C ,e;,:?, ~ ~ ~ ~ J c I ~ o :  
, . r Is -L_l.-r. .r : i ;  I - - - - -  ;.ri:7,2 ..j,; , ..!: , !, . . . . .  . .  . -  
- - , . . - b .  - ..-I.. ,. - .".* .-.- . . .  - ,  " - >  -...: ".,". ... - . - "  ..--. .. .... ."~.. 
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in th l i  co;r :; ,; ~c;';~I.;F 6.:clts b e c a \ ~ ? s  24 i s  necotivelh 
charrjed ;:,I+ r e s w c t  tc C3 A-lain t i e  cL:crle .-cross c-go- 
citor C5 csnsls tn  c! :be sum of the v o l t a ~ e s  ocrass C3 cn6 
C4, or 10 volts a s  ori2inolly developed. 

10 
VOLTS 

Current Flow ond Polarities Below Resonance 

\!)hen t t c  inpl:t :: :n:I r iverces  1's pc!ority, the slcnal 
across  the secondary c l sa  re\,ersF:: 1's palcritv. ?,c 

cathode o f  V i  i s  lo:.: pnsltr;e !,:itL, respect to i t s  plole, 
ond theplate  ci ' . ' ? is  neloti,:e .:,ith :;spec! to i t s  ccthode. 
Under tnese ;onditio~?s, -.cl!kr t t ~ h e  eanducts, but the tlme 
cons tc r t  a f  ',.3 in.! ,I< r r : r ,n lps  the ctlrrcnt throoqh the 
load in c n q o t i v l  dlrcct!cn 'lntll ! t e  next zyclc of inpllt. 

Wher tbc .rp:tL sim.l 15 varied iror. a !o;.;er thcn cc r t e r  
frequency, tl.rouqb. center ireqoencv, or6 i; raised to o ! r e  
quency 'llcher t'lan t i c  zenter frequency, the typical "St 
shaped d i sc : j c~ra to r  respanre cur\c stln:.in i r  tt.e occompo- 
nying illustrotion is obtained. Tt,e usoble partlor of the 
typ~cz!  "S" $t,12?? :c:pZn::r 2s:-;r is f r o 3  po i l t  k :s polnt 
B i n  the illustrotlon. k t w e e n  t h e  po i r t s ,  the curve i s  
linear on2 t+e lnstnntorleous output ;,oltcoe i s  d ~ r e c t l v  
proportlonol to tke instan:cnrn*:s freq~lencv devlat~on.  

' h e  ootout of the rotlo detector cldiusts i tself  08.>tc- 
matically to tl:e avera.:e r-! amplitude o f  the input sicnol. 
Throuqh the action of resistors 8 1  ond P2, tacether .,:it;? 
capocitor C5, oudio os.!put voriaticns ,which $would occor 
due to r-f amplitude voriotions in the input (such os noise) 

a r e  e l ininated.  As pievlously mentioned. C5 cb.oraes t o  
the sum of e, and e.. The overoqe sum of e, and e. d e w d s  
"Don the overone r-f amplitide o! ep. ASV amplitude 
voriatlons ot the Input of the detector tends to chonae the 
voltaaes across  9 1 ord Ri, hut *cause of the !on7 time 
constant of C5, across  the resis tors ,  th.ese voltaqes ore 
held constant. Before the capocitor can chorae or discharoe 
to the hiqher or lower a-plitude ,vcr~ction t h e  impulse 
disappears, and the diffeience i n  :hzme on C5 i s  s o  sliqht 
that i t  i s  not disccmoble in the outp:~t. Because the volt- 
a o e  a c r o s s  C5 r e n a l r s  relativelv s table  and chanoes onlv 
with the amplitude of the center frequency, and s ince  i t  i s  
neaat ive w ~ t h  respect to mound it i s  usuallv used for 
oufomotic wlumecontrol  (AVC) applicotians. 

Capacitors C6 and Ci toaether with resistor R6 form a 
low pa55 filter .which. attenuates the hicn oudio frequencies 
and p a s s e s  the lower frequencies. Th i s  i s  known a s  a 

/_DECREASING I I N C R E A S I N G  : /+? 
OUTPUT 
VOLTAGE O 

1 
I A 
! 

I 1 
Ratio Detector Rerponre Curve 

d e m p h a s l s  net.:ork, .;;I: cL ry-.p-n-ltes for tt:e nre- 
empt.niis :.:!ti :!ct 1i.i. ! ~ ; t '  'req~:encle; TIP t rznsr i t tcd 
and retnrrs  the n !  'lo ' r eq~~ency  bclonce to norrnol. ',?;hen 
pree-.pi-ovs I;  nct -~n layc , !  t !hs i  parts sre not reeded 

FAILURE ANALYSIS. 
No Output. A defective diszriminator transformer. T I .  

shorted t lnlr: cnwc: to r  ('1 or ('2, on Open 3':tpit resistor 
R6, on open :ouplln-j znpoclto; C8, or shorted filter capaci- 
tors (;5 or T i )  ,111 pra::rce o ro otltpo! condition. Ctleck 
the c o n t i c ~ i t y  a! the windings of T 1  with. an ohmmeter. 
Check copucltors C l ,  C2, C6 znd C7 for shorts, ond copac- 
itor C8 far an open .wth a): ohmmeter, ond meosure the 
resis tance of R6. Ii above :becks fail to restore the out- 
put, check al l  coFci l tars  rvith on ine i rcu i t  capacitor 
checker. Note that one defective diode w ~ l l  produce o 
partiul loss  of output, arS thot h t h  diodes must f a i l  to 
c a u s e  o complete loss  of output. 

L o r  or Distorted Output. A defect in nearlv or." 
carrponcl,! ~n tile dctector circuit rrmoy cause  tile 0r:tpt.t to 
hs e l t i e r  lo.: cr .!i?torted. Therefore, !t i s  ,mad practice 
ta  use  an :-I s x e p  ;)enerator ond cr oscilloscope to isolate  
the trollhle. Ground the lr:r! cf tlle lost I-F !#:be, connect 
the r-f s:;cep 'Icncrctcr ' o  il-e de:ector input, and connect 
the oscilloscope to the detector or:tpl:t. '%th th.e w e e p  
qererntor se t  to pro.!orr o -  or:tc#.t .:i.icl. v a n e s  o b v e  3nd 
belo:: :kc x r t t -  ir;- ;rcr -) , '-i. pc::em znrciv.cJ clr the 
osci l lcscape sb.oul? he s!:::i13r to the dlscriminntoi re- 
sponse c.lr\.r il!#;sl-nter' previc'.zly. Defects in 1b.e circuit 
will c a u s e  citl:cr t i e  entire i u r , c ,  r r  3 portIan of i t  to be 
distorted or ilottenod. 

If  t t e  entire response curve i s  distoited, tt:e trouble 
may be ca:lsed hy either ! n ~ ~ o p ~ r  aliqnmert or by c defect  
in the transfoimer T I .  Flrst ct:eck to he c e r t l i r  that b t h  
primary and secondary tcnk circuits :re properl,i tuned to 
the center frequency. If t i e  detector i s  properly alianed, 
check capacitors C l  and C2 with on in-circuit copocitor 
checker. Check R l  and 32 ,>;ilk on o!~mmeter for their 
proper values, and capccitar C5 far value and leokoqe with 
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on i n - c ~ r c u ~ t  c,:pcc~tor c i cke r .  IL tbe  t r o ~ b l e  i s  %ill not 
locoted, the trouble i s  ~ o s t  likely cause? 59 : :c!cc: in 
transformer TI. 

i i  only t!,e upper portion of tile resborlst i,,i.$e is 
i i s to r t i i ,  tt;e tiouk:~e mcf be c z t i i i 2  by ii ?ei ic ;  in &o?i  
J1, capacitor C3, or tiansfoimer T i .  If the diode V1 
: h e c k  ;cod, zze ;? i;ii:c:it c c ~ c i ! o :  z5ecke: !o check 
:3 ior voiue and leokoge. i i  h e s e  checks fuii to iih-uie air 
rouble, transformer T! i s  p;oSo',l., defective. 

Conversely, if only the lower portion oi tt.e response 
:urve li ?L;!J:~-.J, t!.e ::i .L:e ::y ;e c i u ; ~ !  !+ 2 ?t!?:t - .  ~n Cicdc Vi, rnpcar:: IL., cr ::-7:-fs:::;er Ti. i:cc or Ir- 
zircuit copoiltor cnccker to check C4 for value cnd ieokoge. 
L f  these checks foil to locate tine trouble. transformer T i  
!s picbnhly d?!ect!'ie. 

GATED-BEAM DETECTOR. 

APPLICATION. - 
Ihe qatea-beor, ie tector  l i l ~ j e i  ir Fl.: iecelvers tc 

der,odulctc the :iiirvid :-i 3 : : ~ : : .  

CHARACTERISTICS. 
Cons.erts instantaneo\ls !r?q~!encv vcrirtions into in- 

stantaneous ri-c v o l t o ~ r  vilrlntior,c. 
Employs t i r e e  tuned tonk circl i ts  arc 3 special  tern.- 

p w e r  tube. 
Has low inheren! distortion. 
Output is independent of irput ccollturie vorlations. 
P rov i i e s  jo<n iizir:n: on2 i1s::i-;;nmcr 3Ct:in in c 

sinq!e t h e .  

CIRCUIT ANALYSIS. 

General. T t e  isted-3.z~. cetcctcr uses o octed-oec3 
r u k  In limit, detect,  cn? ~.:r>iliv rk~e ierrl,,ed i-m r-i sin- _^, ?- - .,-.,. . -  - 2.- .."3*-." ,..L:-L "- :" --,:.,.:- "",. ,,,= u",p"L id  , ~ "  L ."L,",L ..... b,.  " L ~ ~ L >  >,, u,,,,..,""u 

ond polarity cs tb,e Ir.put ,!cries !,. !TPT~CC:. Thj; netput 
voltaqe i s  zero +;:en t i e  1 c p ~ 1  !rfquiricy i s  e y x l  to :t.e 
center irequenc.j (unxod:;latcd :c::lcr irequency). W e n  
the Input f r ~ u e n c y  r i ses  o k v ;  ;ie center i;eo.;ency, t t e  
o u t p ~ ~ t  vcltoqe ircrens-u in 3 ncsitl.;- .^!rectlon.. nn? when 
the lnput trequenc; r a p s  below the center ::i'xiensy, tne 
0iltpl.t 1ncrea;es ir c no.::tl-.? ?lit.c!icn. 

Circuit Operation. &!are ilt!PI.:ptln'! t r  expialn the 
, , , , < ~ r c : , ~ r f  O!>~~ , :T IC I I ,  c,i I : ,? <c>!vc; : I +  .I: .;r~e~:~or, c. r m e ~  revge:, 

. .  . .- . -, 
,I , ,  r r .nc : " ,  l i i  : . r .  ,"I '  ;:, ' I  .,. ',:.:,,:;. I , , , ,  ,::::r";,,;,:,r,':- ,:, :rrr,-r,,,. . . -  . - . .  . .  - . 8 , .  , ., . ,:.. :,, , , ~  ,- !:clu,-L 
nated-kt;-, t .:ji. 

$ p,erF :Tut:.(, : ,),n: .)T . . r :~ .  -; , ?.: --7. *pe  ,:ctec- 
beam tube nnd on o i i n c r y  pen:&. F ~ r s t ,  the flow of 
l : : o  : I !  c :  : : : ; : --.z:ntz:cc5 :: .. 
concml!!:lr,. !lea!l! Ior::,eU tw !! c -.l--er~t: i: t3e t ~ t e ,  oni 
seconil.y, cot ic?e c:r:rcrt !la-r T! !:!! !I-?:, F.,:$- d c r i n ~  
th? "erind ni tirr i t ~ r t n ?  ::iicll no olcte c8:r:ent ! lws .  

TL:e ;:iel? z:o:::? :Lo ~ ~ t j . ~ 2 i ,  k:.:..:. z; !cx:i:.; 
pio:e ;xu. I ,  1: !!:ter!,"lIh , : < J ! , , ! ~ C ~ ~ , . :  I,, ti!,. ,.:,t;!j8:e, ,,,,.: 825 
tbp ir.:vw I : C  . ! . , , I +  t i t . "  r,:>. i , , ~ , : . i , ,  t,o:ro>. 

DETECTORS 

CONTROL 1 CONTROL 

!LIMITER1 IPUADRATUREI 
GRiO NO 8 

I I 
GRID NO 2 

\ I  

FOCUSlNG 
PLATE NO 2 

Gatcd-Beam Tube Crorr-Section 

cper.:nq :n the st,:eld, h c t  is 3: c3tLcde p c t e ~ t i o l  cn? 
repcls eiectrons. Tl;s c ccr:"';: s t r c o r  of elec::cr.; 1: 

forned. 
As the  electron streom enters the occeleratinr: c'lomber, 

which i s  ot a t,iqt. positive potential,  it tends to spread, 
&e t s  t$,c ct!xc!icz c f  tb,c >xiti.;c fi?!?. Gr+:zz;i!,;, t!,,? 

s t r e m  wouid contince rc sprecc, rut 3s i~ approacres tble . . . . 
No. i control ynd,  i t  is prevented from s p r e c d ~ n ~  f,;rther by 
the iepelllnq action ai o second i a c ~ s i n q  plate, o l : ~  con- 
nected to the cathode. 0r.c~. the e l e c t ~ o n ~  P O C S  thmlcch 

. . 
the f i rs t  contra: ari?, the) c r t  at:ractt,'. :o.;;or:; :cc 2cci:i- 

rator qrid, which i s  a t  the xrne potentio! a s  the ae:ele:ato: 
~ l o t e .  and a w i c  the P!~C!ICI strecm ~ D C ~ F  !o FE%?. . . 
ever, k i n r e  the spreodinn becomes excessive,  t h e  stream 
enters the field c f  focusin.: plate  ?<a 3::hch i s  3150 t , . 
cathode potential, onu iurther spreaolnq i s  crlecked. :tie 
focuslnq plote is p r o v ~ i e ?  wilt. a rcrroiv openlnl.  .wt.~ch 
concentcotes the bem into o norrow streom w a i n  cs it - 
passes  rhrouq-, tnls o:l:lcr. .:#e eii'cran st re37 t1:er 
passes  throu~t:  o second control qr!? (reierred to as t h e  
quodrmare oridj and 1s attracted to the potent101 p o s l t ~ v e  
-,..- plulc. 
. . 
, , > , ., , . . .  . .  . . 
:I , ,L: ,> "ppi~c" t" t , , ~  :,::.t Luct!c; "r.,:, .A,.- 1:  . . ..,. . : : : I :  ' A  I . ,  . : - . , ,i., 

passing through it ,  the eiectrons opproochir,: t i l s  ;I:,: 
iopliiy oullc ;p i ;cr,sc ..pace znnrle  1:. ;;;:I; :.i :.i I:.... 
Ekcouse electrons repel each other, thc occrnuIc!c~: ipoc i  

, . , 
"L"."- .-? *--.. "; "-0 ," .,, ," <,,, " ,,t:!32 ,,!! r!T:c . ~ ~. , . ~ , ~ .  -....., . . 
ciirient iloa. an; icr;,;,r,;. I,?: :r.c :;7::79 zt;:-oif t a k ~ !  
choracterlctir.  IThs ,:antral 2 n d  i s  oico r ~ f e i r e l  t o n s  the 
biter nnd  fcr  :+I; i e ~ ; a r . ,  Tiie i1ec:rors c c n r i t  ;c:.iir, to 
t k  -?tho& ~ P - ? . : T -  - r  ncr:~,.: C P P ~ . ! ~  !r !h !orwin7 

3 1. .. , -,,,. ,,c, arc ;ttr:~tcd tc !!/C ;;:I! c! t!.L c c ~ c l c : ~ : ~ :  
;hnb,-; iiiitio<, .L .- Î .-.̂ . - -..L-.!- - t ii ,,,"., ,>,\.,,,L,,,Giz,. ...<,, ""L LL.,,c,, ,.".., 
us i i iusi ,uir i  i,"i"i.. 

CHANGE 2 
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First Control (Limiter) Grid at Cut-off 

In a smi l3 r  71rrir. ::!:~r. : s17rol ' i f  sufficient strenoth 
ond of ?roper p31ori!v tc repel tile electron s t reon i s  cpplied 
to the q.~adrotilre i r ! ?  !::n. 2 control ,jrld), w t h  the limiter 
grid a b v e  cut-of ,  plate  c:lrren! .;!!I! r a t  flow. Ccthode 
current flo\\, contlcoes, :K:.o.:c:, hecar:se the electron 
stream i s  attracted to the ccrelerator .xall i rs tecd,  os 
illustrated belo!+. 

ACCELERATOR 
PLATE 

Second b n t m l  (Quadrature) Grid at Cut--off 

To summarize tube operotlon. boti: tbe llr.iter 2nd 3rd 

the qucdrature ?rid mcs! be sufficiertly positive at the 
s a n e  time to pcml t  pcsscae  of the electrcr  strea: t o  the 
plote. 

?,e occompanyino ckcu i t  sci-enatic illustrates tb.e 
gcted bcar tube ~ a n n e c t e d  cs a typiccl qated-bean 
detector. 

The input tank circunt, cons l s t l r a  of L 1, the prirrarv 
of i-! transformer T1, cnd copocitor !:I, i s  tuned to the 
center frequency of the incorinq f-m siqnal. L2, ti.e 
secon.'o:y of the transformer T I ,  and copacitor C2, a lso 
comprise onotb.er tank c i ~ c u l t ,  ,v:!.!ch i s  0150 tuned to the 
center frequency. The  first qrid of t h e  tube cnd the cathode. 
perform 1k.e functlcr of c l ix i t e r  stooe, wit5 resistor R l  
on3 copocitor C 4  ir tbe cotb.ode circm.iit to provi6e o method 

Typical Gated-Beam Detector 

of odjos!lnj tile llr,;iter bins. The rccclerctc: m d  i s  cor- 
nected to ,;oltcne-iropplr7 ri-s!;tor P3,:;n:ck estobl lshe? 
t h e  proper vol tole  on the accclcrctor ~ d ,  cnd C5 byonsscs 
i t  to nrolind. Ccpccltor IZ, tolei?.er viltb L3, !orm onether 
tank circ!:it 3 1 ~ 0  tne.: !o tb,e CCI..~S:!:ECU~~CY, and i; con- 
nected to tile secord cor:rol riri5. Desistor R2. (usuallv n! 
a small value) i: p l a c r l  i n  t t e  plote I c a i  !o Increase c!t- 
put llneority. 8esl;'or 34 i s  the plate load, on? t s ~ e t 4 e r  
with capacitor 116 !or,-s ,:' il 'elrrtln," ret::ork .;hhik ppr- 
duces the sinr-;r!e o~ tp t : t .  T ~ P  o-lt>ut i s  tcken from 
ac ross  C6. 2nd o o c l l ~ J  to the m l i c  s tme:  throinb couolino , . 
capacitor Cc. 

The  llrn~ticq cmoiiilities of the qoted becn detector 
a r e  much better thon thct of o conventiancl p e ~ t o d e ,  Sc- 
c a u s e  o f  the sharp control cl-aracteristi:, os sh0n.n in the 
graph helow. 

c LIMITER GRID VOLTAGE IN VOLTS --, 

Limiter Grid Tube Control Curve 

Cathode resistor R l  i s  adjusted to blos the limiter c t  
t h e  center of the s teepest  part of !t.e controlcharocteristic 
curve. Yiith no siqnal opplied to the l ixi ter  qrid, the tube 
conducts. \\hen the electron streox arrives ot the a ~ ~ o d r a -  
ture  grid, some electrons are absorber! by ti-is qrid, and 
the resulting current flow chmqes C3 of the quadrat~:re 
tank circuit. 'When C3 i s  chcrqed sufficiently ncoative, 
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the  qrid current s tops cnd ti-is neostive chorne ao.;entarilv 
rnointoins the quadratcie  rid a t  cu t -~f l .  Tonk inductor 
L3, however, tries :a keep the current movinq in 1b.e s m e  
direction, but -her 11s flclc c o i l c p s e ~  i t  COUCPE c reverst. 
flow a1  c!irrertt which. disci-arqes C3. ;,:?en C3 disci:or-es 
suflicientiy, the qrid cqaln becoxes pasltive or? k q n ?  
? i " ~ i , , ~  q ~ i <  c"rfe,#t, u d  tl,e c " c k  1cp""tS. s,,,ce tl,? ?uI~A 
is tuned to tb,e center trequency of the received sicnai, 
it oscillates ut tile tuned !rerjueniy. -!e volto,le across 
C 3 l o q s  the current which produces it ,  and tk,e reswlt is a 
ser ies  of pulses oppearlnr: an the q~~odrcrure mid at the 
center frequency, but loq:!~:q the 1lr.itei qrld va! tc ,~c by 90 
degrees. 2ecuuse the qua2;oture qrid ilos tire ;a:i,e control 
charccter::;!:~~ os ti.? 1irl:c: n::d, ti:ese ;il;e; P!XC 1k.c ... LL ;'.. -- -.-'.. -.-.. ': ..-.: -. "- -1.- 
i u  .~ -.,, "~".> ",-".<:. u,,.. ".." ,,-.,  " . ~ b ~ , , " ~ .  

hall cyc les  o! o i c ~ l l n t ~ o r .  
'Xien o si,~nool i p s i i r s  a i  i e  !ixt'i :il i ii :LC ien:ci 

freqt~ency und incrrcisrs sliqiltiv l i b  o positive <irrcr!on, 
the tube i s  eflectlvely crl\.en into s a t ~ r a t ~ o n .  ;Fat 1s. ;s 
the electron stream posses fhrouqh the i im~ter  0°C c c c e i r  
rotor orids, and or;i\,es a t  the o ~ c d r c t ~ r e  orid, ti.c L::lcdrc- 
ture qrld !s oit-sf-pt.oss an2 1s a? clit-of!, r ?  tt.e electron 
s t r e a r  1s sttrccted to the scce!erator *.all. %o.:.e.;er, ; o x  
90 Ceqrees Inter, tb.e qudra to re  qrir? sb.i!ts in n positive 

. ,  . 
d i r e c t m .  ?eco,>se o! !ne !cvorcb!r "EC~~!O!~CP oi !he SIX<- 
roture tonk, ond this  time the electron stream i s  permitted 
to p a s s  tirough the quadrature qric to the plate. Eelore 
the quodrcture grid phase chanqes, :he s i m a l  applied to 
the l~rnlter grid dri:.es the tube qmckly into cut i l i l ,  and 

-. 
pioie current oocm ccoses.  .ne  i e s u i t l n ~  .ii,:noi CppeZIli; 
an the plate, theie:ore, 1s o stluare shaped pulse, n-t.ich 
storrs ,.wit+ the d ~ i o v e d  npenino of t i e  o:>n?mtire 1ri3, cnr' 
ends .with t t e  closir: of the l!mi!er j r ! c ,  zs i!!!~s!:~~tci 
b l o w .  

LIMITER I 

GRID PULSE i i 

Relotionship 01 Pulses at Center Frequency 

0967-000-0120 DETECTORS 

if the siqncl on tL,e !imter irld ~ i ~ f t r  to o fr~(j ,>erc\ ,  
h q h e r  lhan t l c  center ! r t q , : ~ ~ c v ,  the plilse oppecrs o .  :t.e 
hrnltrr 31:: cr an ecrller tk:c  ti:ar ct t!:e certcr  !ri:uercv, 
on,: ti,cre:qrc., 71:; o r r , . e >  ,,t t;,e j!,tl.::<:t.re 1 "t a,, 
earlier ti I W ,  Z I,<::. 1 h  ~ s ~ l ~ e : .  (,I. tile O , J ~ ~ : G ~ S . ~ L  c . r d  JIG 

st i l l  acc~;::ln.: ct ti:? -pn:rr irnn::crc: :becct)sr 01 tank 
:. . .. I! ... .~ \ .., .,~. 1. . .-. -- .I:- .  

L"L"" Ya-"'"L'".,,, Ul,L L, .C l l . . , .  I11 ."Ul*i  "1,. .ii i Y i i l L 2 ,  

the ressitln? puisc :ilct:anti~.~?; are as s:.o,::r i n  tze second 
wavefoi,~! I I I I I S ~ I V L ~ O I I .  

Relotionship of  Pulses above Center Frequency 

:incier t \ , c  t i  , r c , .  - - -  ., ., ,. . ;.. ?i;ciisre? ahovc, 1i.c 
prnk c i~vp! l t>~!~  nl d g t k  zlirrrnt re-sins t h ~  some !it is 
~ f f e ~ ~ , . : e l ~ .  <f $c!.~--f:n- or6 l , -~t i .?) ,  ,,:b~!e tbe .ccrirt~onr 
,n r i m  .' r... err\ r , ,  . ,  0 n n 1  r , , i c r c  "TP r ~ n r ~ l ~ r l ~ i i  0, l i i~  
, i ,  . . . . - : - ! >  . il-i C;rjii C,iiiPni 

:LC ' , , . , . , . . . / , . ..-n . .. .. , , r . , ~ ~  . .. , : ,  . . ,.. . :?,r':t!<,n. 
. . 

o; p l l t ~  c , i i cn t ,  nr:: a i;;;:ir Inout k e c i e v ~ ;  pradilces il 
lo;, ::: '.#,:,;'lc.,, <,: RlT,?  ,. .r,-,,t. -. r, I ,.;+ , - # i  . .  , ! ,.e:er, IF nr,.m~rrin,? gt q r ~  r-f 

. , , L ~  .<.., . . ..L.L.... ..!! .;: :- 'Cp;:<x< : :;; :! < :ci 'z :r ,  
I t .  T O V . ~ ,  Y ! ,  : : : I .  1f.e ~ ~ l r i t r ~  u: tvr  ~ ' l o t c  
*..Irn- ^C"T,. ,:I.. .. "... . ..^"^,A ,~,....~.. .. , +-r ._ . . .ucncc -:I:+ t!:c I-::: ::'c.';- - 
inti"". ,be ?i",i. ".I P i  7: r l o r "  i f  In fi :.-I" mt". ,/PTP 

lo.. 'i. 7 .,., ,,. . .. ,.. ., y . 7 : ~  . ...., n: .::.i-. ;: S U ? ~ O  !rr,::errcle:, 
nn: ? 2:e?bl,, ,:'.:IT> cv!tY,: 1: OD?O!!!C< !,,: zn ,,,!e?rc!:17,, 

, , - .  " ., ra.. .".b .-nnr,r...-- ?. ,. . . , . , . - ,  , 
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QUADRATURE 

GRID  PULSE 

PLATE -1 I 
PULSE 

Relotionship of  Pulses below Center Frequency 

varies 31 the szme rote os tbe overone plcte currcrt,  takinn 
the o u t p ~ t  f13P. C , ~ ~ U C I I O I  C6, 9rovides 32 3 ~ d i 3  ~,.t?ut, . and at the same ti.?e, i t  chanqes the squared ps~ l se  into o 
useable cine-wa;e to a inir : lze  dis!ortion. 

Thead.:cntc-le of the Gzte3 iear ;'elector l i e s  in i t s  
extreme sirnplic~tly. i t  employs only one tube, ,.et 
provides a w r y  eiiective li:nitcr ::itk, c \\near detmtor .  
It requires relatively fnr ro,panents,and i sve ry  e o s ~ l y  
adjusted. Opeiation, 50:-ser, i s  1l::lted to tile f r ccuerc ie i  
below 3C '.I=. Since ot the b.17:lrr !requeccies, ti.e s t . > r t i n l  
e f fec t  of the interelectrode ccpac i tmcc  bct'ween t i e  limiter 
ond quodraturc c r i i s  i s  sui!icient to pradlicp cn 0~1-31- 
phase vc l :qe  ccross  the quc?r3:,.re or,,:, .xi-!-?. s ~ ~ b t r a r t s  
from the quadrature ,roltoce cnd reduces tile outpnt. Tk i s  
e f fec t  i s  rnlnirnizer! in som2 circcl ts  LV the odditlon of c 
screen <rid, to the t c k  or bi carif11 shlcldirq,  b,t neither 
method coxpletely elirrlnotes the aut-oi-pi-cse cffect,  a r c  
far this  reoson, the g3tfd-he3r :~ICLL: 12 1511011$. ~ ; e i  
only in law frequency cpplicctions. 

FAILURE ANALYSIS. 
No Output. h defez! .r necil:, or,\, co-oorent ir the  

circuit could cause o no-output condl t~on to exist.  Check 
the plate supply voltoge ot the tube socket, i f  plate volt- 
age is not present, check resis tors  R2 cnd R4 ond copoci- 
tor C6. If  plate and grid voltages ore nor-GI, the tube is 
probably defective. 

~ . . - ~ 8  ..K fs: : ;llnzl on tile l ~ r l t e r  lrl:? !:iti: 3r cscll- 

loscope. If I:O s lqrol  i s  ?resent, check for 3 ~ 1 1 . 0 1  on the 
primcry of the trcni!oi:rer. If s!!ll nc ; ~ ? ~ c l  cppeari ,  tt:e 
trom~hle is sore.>;,;i.erc !n tile preredin; stwlr:., and t t ~ e  dc- 
rector I;  pro10b1) not f011i1y. I f  tL.ere !; c . s ~ l r c i  cn !kc 
primary ;i t k i  lrcnsfoir.er,  J L P C ~  It.? + ":n? ~ ~ 0 0 ~ i t O r t  
.with cn in - r l r ca t  cnpucimr ~ t e 5 : c r .  I! tkcy cre found to 
be good, the trouble i s  ?robably o Srfective transformer. 
Check c n h o d c  resistor i; i for Tmper .:cI,!- ord cdjcstmi.nt, 
and capoa to r  C4 a l ~ a ,  iuslr : I n  :r-ci:,.-!>i* zcpccltcr ct.eck- 

.,.. 
er. c;ltLI the o:c,~~;sc~:Jc, ri,ez!i for 0 ;l?n31 on   ti,^ ~ : _ c d -  
r o t ~ r e , ~ r > d .  I! : - ! ~ c l  I ;  c-0.:-nt, :,:lo s l ie  i t  1; ct t?.e 
center frequerm:;. Ii r:c . - 1 -1 ,  :I 1s present, ct.cck 'C3 s I!. 
or l n i i r c ~ t i l  :_;pS,:!tor rtez:~:,  C T ~  L! . . . I b  7n c i ~ : l e t e r .  
Ct,er-: P? for proper .:I,e, r;d 8:: !or c s'lor: to vrorn3. 

L o r  or Distorted Output. !: 1; :;r:I!Lel~ thot c lo;: 
o ~ ~ t p t ~ t  co.. '~tlon .'.!I1 i:~;,, but if I! does. Si. 54, or 3E 
isno:t lli:elY ct i.1 :it. I - i : L .  31 c r d  ?4 for proper i c l ~ l e ,  
a n i  Z F  . i : h  nn in-: :. (11 cc?ccltor checker. 

I t i .  t is to:..?, -:13ke t h e  checks irlst 
rmtlonrc. 3ir j . . , .  for c !O . c ! f ~ u t  ~on!ltion, cnd i! :he 
!i::tort.orj -1111 ;cc!::, r c i c  cellrjln t 5 !  the t h e e  tcnks 
crc 511 : r e :  r f y r ' .  , :r : -0. '7.: .-o '!efective corponents .  

, . 
Alzc -!PC-!: h i  for 0rapi.r : .F zr: ,:cl;:strer!, IJSI?;~ o 
,..ol:oi :-. .  , .:~r .;. ! ,:l.-c -:i:k, :3p,,-:tc- ':/ :.!iti cn in- 

r,:c,llt r72c,'l!or - '?-.'.<:. 

VIDEO DETECTORS 
, , .,,:,.o :..-I,.: : . : -<!!-, ,c !).C s13rd31i i : . j  

detector, . , ' \  ':.- .-\ :-yt:sn o! tt,e rez~!lr?--:cn! for k,cndlin,~ 
o b rood~r  7 2 .  :,- I .r. ,rllt-nar:. b r c r  it i s  13cotcJ bctv:een 
thF 1: qr-! 1 : :  ..I : .I :. l.:^j, It 11J51 !-c &Ie to 
t,un?lc th r  ;,:..e .it:c r;r,:i. c! .'recl!e-cies os t i e  I F  and - 
d I !  : ?  . :I i r t c r t . c n .  I!.. I i  f r ~  
qJe9ZIr?:, ::.c4 87 :G :s: I;;.;.?J::J?.S '<Or) 0bO.l: 30 HZ 
tc 8 !,,ijr, . . , -  . . . ,  . I * .  . ...,...., ,~.,c. :--.. - - - , .  ..ku. 2: hldz to 4.5 Hz. 
?',: . . r.q.:r, .--.  .,n::,:-.tnt.:i I.!? :r-.: ": i!.,!,-freq,.ency 
coir,pm:31!:1.: PI.-':I~. I?  !. c ~ P P I - * O ~  >,.!pu!, :.hich conslst 
o f  :mtil s?r!,,,- ran;! .-!I.'* c,:-k!r, : -ir:,.:t;. 'See pnro~rcph 
2.5.: !r .r,-t i.1 . o! !! is -Icr!!i:mk 10; .:- cxo1;n~t~on of 
?L peak!. I c:r:t.l'.-9. &!I i.: yr rc i : .on .  :b,o'.>l- l e s s  
critlcol,  1.- tV.- .-;I,-.. ,:I -! : $17-!c i t b  c lo:.: nlcte to 
cnthodc r-:pic!tnn.? . Gp.-rn1:on nf tie ,v!ic> dctectnr 
1s tt.e sor:e os tt.01 o: cl ,-yo ~ 7 1  .X.: riicde detector, except 
lo: t: c .'re:. ir -,; rc:V .-P --I or,lc: iol l ied hv .re c i  t t e  
co!?pm..:,ltin I .!rc':!t~, 

BASIC VIDEO DETECTOR 

APPLICATION. 
TI. 'v~dcn d ~ t e s t c :  :. . s k  to chanre t 'e  recr7:ei C::IW 

litlldc rnod,~lot& ..,iden slqnal intc  c 6-c vcl tow.  

CHARACTERISTICS. 
Emolcvs o ':,.!::~c A:.: iiade detector. 
F.2; o :vide; bord.irldt:, thcr  the con.:er!iclnol A!.l 

detector. 
E:ploys cmpcnso t lnq  net.!:o:ks for frequencv con..pensc. 

: ~ c n  cnd to irrpr5,:r lirearlt". 

CIRCUIT ANALYSIS. 
General. 7h.n aoerctlon o! t?.e bosic v i d m  ictector  :s 

identiccll t3 tke cpcrotlo:. 31 the A!.: diode detecto: pr-- 
: , ic>rIy !icctl-se<i ir 'b.:s sect ion of the 'icndhcok. Tte 
or ly  ?iffcrcrce l i e s  c thc cd?i!lon o! cOn'pFr:ctln7 ;~rct!its 
for the :ride? frecorrc,;  response require-nen!:. Clsc !si-lor 
oi rke o?cr?! -: c! I!'? detrctcr  in strippin7 off t i c  ncd~:- 
!3t!o:. fro,, :!. ,-j::l-r 1; mic-e (  ccn i l e t e l ;  !-A t t c  ;:i.!:. I; 

CHANGE 2 
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discussion of the diode detector. The reoder should refer 
to  the discussion of the Ciode getector i r  this sect lor  of 
the Hondbaak for proper background before p roced ino  wlth 
the  d ~ s c u s s ~ o n  of the vldeo detector. - 

Circuit Operotion. l h e  schematic ?ia?ran o f  o twico i  
video detector employing ser les  a r d  sb.l?nt peakin: i s  
shown i r ~  rile occornpanylng iilusrrarion. 

OUTPUT 
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of Z L  These circuits ore so t~lned tkc! some overlap o! the 
tuned circuit response curves occurs, as shown in the 
followino illustrot~on. 

ZI RESONANT FREQUENCY 77 9F9WANT FOERIIENC* 

INCREASING FREWENCY - 
Combined R e r ~ o n r e  Curve of Z1 ond 22 

Sicce theii.pe&nnc? o! 2 sericc :me2 ci;cci: is zip,:- -- 
mum 01 resonance, zn; a i i s t i i e  LL li lr ser ies  '?;!t't. the 
Load, t te  ovap:tt n r re  3 , n i r  ir ~ v l r r ~ n ~ .  3,-tt,,-!!,. L" :- 
se r ies  peaked usinq the s t r w  capocltance to ~ r o u n d ,  and 
is also broadened by shunt resistor $2. 

T h e  resdtont  overal! :cspcnse cuxe for tb,e .ddw 
detector 1s a s  shov,n beloil.. 

IF 
INPUT L- -=- J 

ZI RESONANT FREQUENCY ZP RESONANT FREaKNCY 

Boric Video Deteclor 

T h e  onode of diode V l is connected to the untuned - .  
s e c o ~ d ~ r v  c! i F  !rnnc!cr-el, 1 1, ~ i !h  !I-e zri-nrr ! ~ ~ o r l _  
by capacitor C. Indoctcrce L1, In scr ics  ;;i!- resistor 
F.1, tooethc: x i t l  i:~aci:or 51, ic;xz ; r i  .r: 3i3ki- 
circuit,  referred to a; ~zpedar icc  netaork Z ;. !r.luitince 
L2, toqether w1t5 FS, !oms c series peaking circuit, 
referred to os  impedance network Z2. Capacitor Ci is the 
ol,!p,,t C U , , ~ ~ ; ~ ~ , ~  ,:,,p,~,:i:~,2!. ?e>;s!,2! ? I  'L!c,Jde!:> 9~k.e 

bandw~dth o! L I ,  on? H/ oronens tk.e!xnc:-!.'ti- a! Z2. 
Peaklnq clrcults L. i and Li ore utilized to inprove the 

output linearity, mrl pmvide o wide t.cn?-pzss rhmccter- 
istic. The circuit operntes ip. tt; !dla:>ix1 corner .  A 
I -  - - - "  .L- -----: ....- .=--.--.. -: , , e r j s e > , ~ ~  I,.L,euac buuac3 L,lc LuvuL.ribr I_I_LU.ILC U. 

the stray cnpnrironre to (ie?fprqp, "(14 C ! P ~ O  ~ t m l ,  

capacltonce ( i epres~n ted  hy Cl) ; iol t ;  the n~:tput ,  the 
outpG. . i, -k-?- ,,, . ,,,, ,- ,, vL.,Ld.- .> --.+,-sc ,-, -' 'i::-. \.!.:x iiequz!iilst. 
7 > , , 
&, ,> <: f,,:.,,\l?)-l,:?v:! ,:!rr:,li, :-~-"qc:-,. :,. Y?.? '!i+ *!- 
quency at ;,i:,ci; tile ;,,rp:i; t:--. , .-1'- . t -  ,, ,..L :r-r-r r.., -P , '-,V ) ik.E 

. . str,," an2 Si5trib,;tei 7:ir,r.,7 on,-, C ? r r > > : !  ,-,r.,,-it,:~,-e r+r,r+ 

sented ay CI. Since t i e  x p e m R c e  ai t?e rzrzl!el !::nc 
,- ;5.,->.,,-c, . L -  - .~ (sh;n: apnle?: -i;-,I:: ;I 7,.;:..,;i-- ;1 --  ,, - . .  ..c,..i 

~ez.5:7.~ li:.c:: :rjor..: ::.c b..:!. !:eq,.c:#:, 2:cwf! &;I.! 
, - 

[wi t t .o l~ ,  conper.l!!orl. ."e >~n?.::.' oi t:,; t r - , <  

(shunt pwked) clrcuit i s  widened because the C of me 
. -. 

c i r r i :  &crezs?i b+ t:,c ;;cse<,<= L: >er,es r"s,>ta, , ,.. 
As the astput !:equenc;. 15 ~ncre -se?  st;!! !;rthc;, it  nasses  
beyond rhe resorani peak oi Z:, and as ;te lmptdorce of 
Z l  now decreases, t b , ~  C I I ~ P I : ~  o m i n  tends to ?ecrez-e. 
22, !,oweve;, !cr:s an;tle: Li::,il..-t:::ed ;::c..it. 2n; 15 .. .L. -.-- .~~~ , , . - , . , , , ,  , , , , , , ,  - ,  , - . - - . I  I .  : , .  i .: 

INCREASING FREQUENCY - 
Overall Response Curve for Video Detector 

FAILURE ANALYSIS. 
No Output. A defect in trsr1s!om:er T1. o 3 e i e ~ t i . i e  

tube, or on open C2 w ~ l !  cause o n w u t p a t  a n d i t i o n .  
Check the continuity of the windings of T l  with an ohm- 
meter. Ct.ecl: 32 fo; nr :j:r xit: a- :!,:;eter. :! J :,& 
Output c o n i i t i ~ n  :.till exists, ckesk t'.e value oi t ie  mpaci- 
tor .with on ic-circuit mp3ci!or Csk-11. 

L o w  or Distorted Output. .'. ~:%C:;,C ~ , o ? , .  ,- J:,GU: 

the only cmpcncn t  ir t t c  a r c c i t  that :.xu12 :alse 3 10": 
output condition to exist.  :'$hie o iow o u t p ~ t  1s oiso possl- . .  . ~. 
Die Eecause !he values a! L! 2; :.!. m-; i r i  
change the response curve, this p s s l i i l i t y  i s  r t ; t h ~ r  ie-nnto. 
r. c,o not neglect th* mssib!!ity ci -:tbc- F! :r 52 :?z:-.-- ,-.-= 
value sufficiently to a f f e c t  the iespcmse. 

?(,La m..r..+ I -  .:<C.^.*r^--:.. .̂.L. I. .--.- ~- ~. . . ~ . > ~ , ~ .  ~ ...-..- ~ - . ." ~ . , "  -,,,, L.,, 

:i.e ? i i t ~ :  i b  C:GL;;,:~~ 11, ~ : . , e  O: l i : t  c~:.?ore:11; C I  _;. 
Check th? vni ,~? 3! L!. ".eel. il iz: zx:;:;::; 2r.2 31 
for proper value with. on ohxneter. 

i i  rile ourpur is i!storrec oniv a t  the t.i;ner trequencies. 
ser ies  peaking circ ,it Z2 is proixhly ~!ifectlve. t ~ k  _'i 
wlin cn in-;lrcuit ccpocitcr checker. ':beck !.Z far con- 
tinuity and P2 for proper v c l . ~ .  
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PART B. SEMICONDUCTOR CIRCUITS 

AM DETECTORS. 
Detector ci:cuits are used to remove the modulotion from 

the :eceiued modulated :-! s i ~ , a i  x d  transfe; it back to its 
original form, sa that it may be used for listening, viewing. 
mmmwilicntinn, nr nther pur?ncnc. There ere m ~ 1 7  fc~ms of 
detector c i r c~ j t s  ziid mznv voiiiitiolis [ ~ f  these ci~cuiis. 
n e  circuits used in the semiconductor field me simila: 
to chose used in the elecuon-tube field. The diode Alrl 
detector i s  o particularly gwd example of this parallelism. 
since the semiconductor diode merely replaces the diode 
tube. Only AM detectors i i l l  be discussed in the following 
pnrsqrophs; other types of dctcctors wi!l be discussed 
>~. . .  ,",GI. 

The semiconductor diode evolved from the original 
"cryslO1 detector" of the early radio era, which was 
hasicolly 3 "oint-contact qnleno dia6e. Todny's qrown PN 
,~ ~ >,n, 
lul : u r ,  ~urtrtiuia d i d r  is :::we sruale an: physicully nore  
rugged than the early galena detectar. !t i s  ~sua!!y d e  
signed to handle fairly high voltage md  current, since it 
acts os a iorqesignol detector after a number of I-! or i-! 
amplifiers. Because of its smoll size, good power-handling 
capabilities, lack of power consumption, and smoll cost, 
<be desiqn trend i s  to repiace the electron lube diode with 
the semiconcuctor diode. 

Generally speaking, the semiconductor diode detector 
for AM i s  used in one of two types of circuits: the voltage- . ~ 

output circuit ond the current-output circuit. (In other texts 
these circuits ma" be called "series diode detector and 
;hal: diode detena;".;, Ahhsujh se-i;;~cct.3in ;;er;te 
basically by virtue of 3 chanqinq current, ,when current is 
passed througi. 7 resistor a ~ o i t ~ ~ e  drop ib produced UCTOSS 

the resistor. Thereiore hoth types of clrcuits are oppil- 
cable to either tubes or semiconductors, and the functioning 
i s  similar reqordless of whether tubes or semiconductors 

, - . 
llsen, :Re  uohcgc 31.[F.! C::C1.:: :C, ..C.U:!lj. 3:e:c::n: 

for electron-tube opplicotions. 
Because ot the lock of qoin in the dlode detector, trm- 

cistors nre nlso used for ?eter t is~.  D.e tnnsistor detectcr 
provides amplification a! the detected siqnzl. 'i\'ith the . . . ""A !. r --- ' ..", . ,.,,,.. ,,.,. ,,,.,., ,,,, uLas i, iu,, x male the semi- 
conductor eoulvnlent of h~ rjrid, olote, or infiniteimp~donc~ 
electrm-tube detector. By suitoble orrmqement of b~asing 
pctentia!~ mi proper se1ec:ion c! :be transictc:, eithe: "-,"."," :....".>"."-.:, -- -"- L -  "-L:"..-> 

&,, ,,,, =,>, "c,rL.,i.>,, L",, L C  ",.~,ir"c.,. 

!:>;:c *,c ;mi;ar?d;t,2r ?ij?e ?ctenor is ~ s e ?  x:ivei- 
~4!,{ ir eiecr:oc.:2be :he ::y,.ristc: triode 5% 
lector i s  jenerolly u s i d  only in ill-Ironsistor rqdipments. . *hen used, the- !ronsi~tm rii?tertilr is !imiti?l fe t h i  r3m~.?? -  

hq-P m?-o-??"-0-itter cncfi?ur?!ionc ilprl8:ie ?! !Ln 
less-:hen-;m*+ ;:in provided bf the zommm-col!citsr 5:- 
iuii. 

VOLTAGE OUTPUTDIODEDETECTOR 

APPLICATION. 
I nc semtcondr>cror 310:~ ietectc: n.j:t. 3 l ~ i t i l 7 ~  O L ~ T I :  

. . .- . , * , ^ i i . ,  .,<& .< ,in +o*rr.^- ,- -.-o-in."-^2.-"n .- --" -.., -- uuuu..- ... -" *-.,, -.-.u-...- 
."",.:.."." -. " - "  , :-"".A a.n-.-. I"..": --... -:--->- ,""" ..-, ", ", "" " ...,. ", " -..-, ". ..,,- ~. ."~"& d>d,,"*- 

,re suppilei. Ir is a150 us51 in yest eql~ipneny *rere 
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linear response i s  desired, os in VTVM's snd field strength 
indicators. 

CHARACTERISTICS. 
Operates linearly over a iurge runge of voiraqe. 
Does not amplify the input signal. 
Ycc on overage efficiznrj of ap;;;aim;:e:j % piiieit. 
Normal iorge-signal disrortion i s  on the order oi i to i 

pe:cent. 
Is not restricted to m y  particular frequency range, but 

i s  operable on the entire electronic spectrum. 

CIRCUIT ANALYSIS. 
General. Since the electron tutr diode d e t ~ t o r  i s  p r a c  

:icoiiv idenrlcai wlr" me voi:ar]eni~rput semironooctni 
diode, read the discussion on Diode Detectors in Port k 
of this section, before continuing; refer also to the discus- 
sion on Junction Diode P.eory, in 9orag:;'Fh 3.2.1 a! Sec- 
tion 3, for o rewcw of the basic operztion of the diode. it 
should now be wident ha:  the priccipal 2iffererrce between 
a tube diode ond o semiconductor diode is the reverse- 
leakage current of the semiconductor, plus o difference in 
current and voltage ratings. As for a s  the diode detector i s  
concerned, the reverse-leakage current is usuolly negligi- 
ble. Although it does produce a sli$ntiy increased !oadin-; 
effect on the input circuit, this increojed loading i s  of  
interest only when the diode i s  operated as a small-signal 
detector. In this instance operation is not lineor, but o h  
serves a square-law response (output vories a s  the square 
of the inpist voltnqe!. !I is t h i  wwk-si:"fl! c ~ f i ~ r e - ! ~  
;;.jponse ,,,"'"" ". . - .Lib:. ..ectrs t ie  inherent disroition in <ne dioee 
detector. As normally operated, che diode voltageoutput 
ietecla: :s employe+ aker 3 numaer oi stuqes a: 3mpliticil- 
lion. Thus, the input signal to the detector i s  relatively 
large in amplitude, the response i s  rela!ively linear, and the 
basic fidelity of the diode 'etector is achieved. 

Crrcuit Operation. s1mp:i:ie: s;!lematiz of tite volt- 
agedutput diode detector i s  shown in the accompanying 
figure. 

Fro- !hi- !i~;:c it ccz Se seen th:t di;dc CP i s  i' 
series with the input voltnge: it acts i;s 3 sir,pie :ectifier, 
hith Rl os the loud and Ci os the fiitei. Yne diode con- 
d, ,".~ on.!" 4\!?i".; the E"S~!<,?? , - +?!!-:\)?!? ?! ;2?2: z:T.2!. 
During the negative hnlf-cycle it remains inoperative, since 
it i s  then ri~erseiias?:. ;:'hen ills i io& ior lwtn,  cur- 
. , . " ; ; n.n?.,r.c - --r-;c . ..-.. . . 3r. - -.-. ." 

Voltage-Outpvt Diode Detector 
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the resistor. The voltage developed across R l  i s  equal to 
the peok value minus the drop ocross the diode (whlch i s  
very small and much l e s s  than in an electran tllbe diode). 
Since copocitor C l  1s connected in parallel with R1 it 
charges to tile same voltuqe. Since tb,e diode response i s  
considered lineai, the larger tile Input voltoqe the orroter 
the current through R l  and thelarger the charqe on CI. As 
the positive hali-cycle ceoses, the diode ceoses conductinc 
and capacitor C l  discharges ttlrouqh R l  for the durution of 
the negative holf-cycle. 'fit copacitoi dischurqe i s  con- 
trolled by the une constont of  R1 and CI,  and is not quite 
completed before the positive holf-cycle again begins. The 
diode a ~ a i n  cond~c t s ,  ond copocitor C l  i s  again charged 
for the duration of the positive half-cycle. Slnce these 
alternotions are ot rodio-frequency rotes ond the RC time 
constont i s  on the order of seconds, tile voltage to which 
C l  i s  chorqed never taus time enough to reach the full peuk 
value of the input voltage, ond the voltoge to which C l  i s  
discharged never has time rnouqh to reoch zero value. Tne 
voltuge i s ,  however, proportional to tile envelope of the 
modulation, rising os the input siqnol onlplitude increases, 
ond falling a s  the input siqnal amplitude decreases, a s  
shown in the following illustration. Thus, the vaitoqe 
across C l  i s  o nmrly h e a r  replico of the originol clodu- 
lation. 

IN 
VOL 

AVERAGE 

DETECTOR WAVEFORMS 

When the time canstont of R l  and C l  i s  too short (ca- 
capacitor, resistor, or hoth are too snoll), the capacitor 
voltage cannot follow the envelope (11 reaches lull churye 
before the signal reaches i t s  peok), port of the signol i s  
lost, and the detected modulotlon i s  distorted. %en the 
time constont i s  too long, the copocitor tends to smooth out 
variations in the modulation (11 cannot respond to very fast  
wltage voriotions-only slow variations), and distort~on 
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occurs. With the proper time constont, tile copacitor i s  
never fully churqed or fully discharged, but rather follows 
tile peok excursions of the envelope in accordance with tine 
audio modulation. 

FAILURE ANALYSIS. 
No Output. A noi~utput  condition con occur irom failure 

of the diode to conduct, fro% on open or shorted lood resis- 
tor, or from o defective capocitor. A resistance ond con- 
tinuity check will determine ,whether the resistor i s  satis- 
factory, whether the diode front-to-back resistance i s  nor- 
mal, and whether the copocitor i s  short-circuited. With the 
resistor and diode checked out, it i s  a simple niatter to 
connect a capacitor in parallel with the suspected capoci- 
tor to determin~ whether it i s  oper, (on output will appear if 
the capacitor i s  open). If an oscilloscope i s  available, it 
nloy be used to observe tile waveforn ocross the load resis- 
tor. 

L o r  Output. Low output con occur from c change in the 
time constant of the circuit, or fror, o lock of sufficient 
input to the detector tu produce the desired output an~pli- 
tude. Poorly soldered connections, o leaky copacitor, or 
a defective diode can cause thls condition. Under normal 
operation, the amplitude oi the signal across the detector 
should be from 80 to 90 percert of the input amplitude. 
Less tho" this value indicotes lack of efflciencv due to 
increaswi resistance in the diode or leakage in the capoci- 
tor. 

Distorted Output. Tnis con result from o change in 
capacitor value. Either too large cr too small a capacitor 
will cause distortion. A change in a resistor oi  copocitor 
value, producing too short or too long a time constant, will 
also couse distortion. The ports should te  witt.in 10 to 15 
percent of their roted volurs. If the volues ore naimol, the 
trouble must be in the diode. A high-resistance condition 
caused by a poorly soldered joint i s  always a possibility. 

CURRENT OUTPUT, DIODE DETECTOR. 

APPLICATION. 
The current output dlode detector i s  used to detect 

the audio modulation in semiconductor receivers, where 
the voltage output i s  small and does not "cry sufficiently 
to produce full output from the audio amplifier stoaes. 

CHARACTERISTICS. 
Is usually self-biased. 
Lineor current swinqs produce lineor output voltooe 

swings. 
Impedance ot the output i s  low, md usually direct 

cowling i s  employed. 
Is inherently a small signol detector. 

CIRCUIT ANALYSIS. 
Genorol. The current form of diode detector operates 

similarly to the voltage form of diode detector. Except 
that the output variations ore in the form of current pulses 
rather than voltoge pulses. However, by possinq this cur- 
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rent through a shunt resistor, c voltage output is developed 
across  the resistor. The voltaqeoutput i s ,  however, much 
reduced so tho1 o current amplifier i s  requlred t o  build up 
the signal to o respectable output level. Thus, while the 
voltage detector wili supply on output which con drive tt.e 
fallowinq oudia stoqe, the current detector usually utilizes 
h r e c t  coup i~ng  m d  an addl t~onoi  transistor s tose  to con- 
trol onother tronsistar s t o l e  i r  the output. Becouse of the 
direct coupiinq, response 15 somewhot hetter. On the other 
hand, the hiqher frequency s iqnals  ore sliqhtly attenuated 
by the coil reactance o! the ser ies  inductor, whlch operates 
similor to the power supply low pass filter. >ills hos the 
e f fec t  o f  elirnlnatinq o v  hi l t ,  frequency rlpple ond d i s to r t~on  
in the output. ~3 tho! o r ~ c t i c c l l v  the resoonse i s  iaenticol 
ro tine v o i r q r  diode nur oi lesser  n!uqrlirude. Actuoliy ri:e 
current detector operate: os a sqaxe !c- detector ond is 
usuolly used in c i r m i t s  o;her than the superheteicdyne 
(wt,irh ~ ~ S P S  tL.? VTIIC~P form c !  ?etnrtc.). TIPIP~D~P;  t+e  
shunt dlode (current) detector i s  used mainly in reqenerotive 
receivers of the packet variety ond i s  usuolly cov,bined with 
reflex audio circuits t o  provide a loud but distorted output. 

Circuit Operation. ;he circuit of a typical current diode 
detector i s  shown in the acmmpm.ying illustration. 

Current Diode (Shunt) Detector 

As shown. :he diode i s  cor.nected i c  sheet ,with the in- 
put circuli, and L i  i s  cor.:,ectn! ir: berlrs, riitl: 1002 
resistor R l  clso corr,ectei :K chcnt !3  ara~c:. T'-e LP  
combination of L ?  and B i  ! .c.e a co,?.h,ne6 !l!!,.e constant 
~ h ! +  i~ ~ o t i ~ f g ~ t ? r . .  lnr rlelnrtlor~. 

When the input s1qnnl 1s wpl ied  ocioss  C P l  t i e  output 
i c  e ~ a 3 t e +  !? ~!",: [,,v +L ,;,,* h ,.I! P\,, ~.!- n f  ) I , -  ,-r .- -. 
input signal becouse ;?; G ~ , C ~ C : L -  orii i~ ~ t p i l i  xc j i i .  
Ucrilq the w5ifi,:e 'o! i -~, : l~  ~ L F  -i.;:rll i r  TC!ic.,l to ! i 
m d  curre.! !lowe !i:c '~7t P I  to zrc8:cl or? p n d u c e ~  3" 

-, 
output current wNcI: ioiiowi the r-i envelope. i n l s  acrlan 
occurs because of the lnteqratinq effect of the LP circillt. 
Uuring the currcnt flow thrount, L i  onc kii to qraund c heid 
i s  built :rp morlnd L i  which tends to keep cilrrint flowinq in . . 
the  some iirwtion wiler: ,con2l>rtlon i m s e s :  m c  c ::IT ; 

, . , .  , . , :he 4."- ." .A- .: -.-. -............. ,; c........ ",. .,,- -........ ... ..,,,> ... "~ ...- -."-- .. - .- 
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ground, the field dischorqes throuqh R1. Thus on inteqratir 
action occurs similar to thct which would be produced if 
R1  were shunted by a capacitor, and the output current 
follows t h e  peak waveform closely. Becouse of the reoct- 
ance offered to hiqh frequencies by L l ,  there  is always o 
l o s s  of voltage which makes the output smaller than tt .e 
appiied siqnoi. Slnce o mnductlnq pcth to qroand is 
offered on the positive ho l f syc le  of input signal, the  
renif icot ion eff ic iency i s  lower tLlon for a ser ies  connected 
diode (val taae detector) hence this circuit i s  not of ten used. 
In addition the low shunting e f fec t  durinq conduction ond 
the low overoll impedance to rjround during the normcon2ucting 
period provlde a heavy load on the source, and creotes dls- 
tortion when sufficient drlvino w w e r  i s  not o.:ailable. - 
~ n u s ,  the shunt detectoi i s  usualiy i e s s  preierred tilor) h e  

higher impedance, voltage-ostp-t for-. 

FAILURE ANALYSIS. 
No Output. if the diode i s  shorted, or i i  either L l  or 

R l  a re  open there will be no output. Because of the few 
components involved a resistance check ~ , i t t .  s n  oh.-eter 
will usuolly locate the defective part. 

Low Output. A defective diode C R i ,  hiqh resistance 
soldered joints, or large changes in L l  or R l  con reduce 
the output. Check the values of L l  and R1 with on ohm- 
meter. 

Distorted Outnut. if the outout i s  continuouslv 
distorted, check t h e  diode. If the distortion s t i l l  persists,  
u s e  rm osc i l loscow to observe the input and output siq- 
nals, s ince  the distortion i s  probably lomted  in m earlier 
1-1 s t age  or a later audio stage. 

COMMON-EMITTER DETECTOR. 

APPLICATION. 
TL . -- -... ..... , , , e  LO ,,,,,, on-e , , , I  ~ , e ,  ,,~,,s:stc: ?ctcc:z: :s ~ s x l l y  

used in semiconductor superheterodyne receivers to supply 
a detected and amplified output. 

CHARACTERISTICS. . . 
u s e s  self-bias. 

..... O''".. L:-L : :-- A,,*-- 
Ul i iL2 C .. .<.. '..r"L .... +E"",..i. 

Is  equ~volent  t o  tt ,e CoCe detector in quolity, witt. 
more qoin ovo~iable .  

, 8 - .  ,v,"y L L,? ~per,a!wd ,ns e i t k  ,; :r,a:l-<.;,c;,7l, ,n: c I=:::* 

siqnoi d e t ~ r t o r ,  dppenlin? :?on hi"' ,mlt?qr. 

CIRCUIT ANALYSIS. 
ten e,ol, ".- ;; .--.-. .-  -r I--* .- .Lr -.i; . u-,-u.-, .- ."... . .. .... - 

detector ~ s e o  ,n electron t loes .  l n e  i n s r e m i t t e r  jwi t ion  
..-*- "b." 3C a recti!iLr icr ;r:2r-;i2>;l lire;: ?e!ec!izl 
w h e ~  Siased ~2ffic?ect!!:, I r  35 c t ~ ~ a t ~ t ! ~ - , ,  zmd!-t!~nc! 

.... 
detector wnen opeiatlno .c:lrn iow bias. vvnen used in o 
receiver wit,! only a few tiatrsistors 11 operates US 0 small 
signal deteztor, -#hen used in  superheterodvnes i t  i s  uaec 
a s  a large s ~ ~ n a l  6ctpctrr.  >.p ~ p e i o t i o l  i s  similar 10 

that ni  the  electinn ! I . -  mt:ntprpnit; ( q r  6 nn? plate . . . . . . . .  n . . . .  "".**.-.*, ""*?v,--" "".,,"- ," w,... ... .",&. vu. ....... " ...-.-.-, u.u-..u.- -" ...-. .... -. ... -. ....- --- 
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Diode detection occurs in the baseemit tcr  ]urc:ion 07.' 

amplificotior acc'Jrs u i l n g  t t e  enitter-collector junction. 
The  combination con be considered !5e some a s  that o f  c 
diode ond a transistor osed separately. 

Circuit  Operotion. The  schemotic of a typical transistor 
common-emitter detector 1s sho?~n in the occompanvina 
i l l u s t r m ~ o r .  

INPUT CI 

Common-Emitter Detectos 

Tuned input transformer, T I ,  hos o prlmorsi and second- 
my windir,q. The p r imry  windln?, L ;  1.i t~ ined  by copaci- 
tor C! to the opercur.: i requenrj  ( ln ilsert,?tiro:jne :i 
ceivers i t  i s  t u n d  to the IF), w h l e  secondcry L2 re-nains 
untuned ond inductii,ely coupled. ges i s to r s  Pl cnd R2 
a re  fixed-bias voltoqe dividers c0nnec:t.d irom the supply 
t o  the base mdground. ?esistor Ri 1s bypcssed by C2!or 
radio frequency ond thls  PC ;ombinctlon a l so  a c t s  a s  the 
lood resistor and Syposs copocitor as used in o diode 
detector. 7F1e audio 1s detected 11 the haseerr i t ter  ciicuit 
ond i s  applied os a d-c bias wryin? ot audlo f r q u e n c ~ e s  
to control collector current. The output i s  developed 
across  collector load resistor P4, . ~ k l c h  i s  bypassed !or 
1-1 but not for audio frequencies. T i e  e-itter i s  connected 
to ground through o conventional swmpinq  reslstcnce 
(R3) for temperature stabilization, and is bypassed by C? 
for both RF and audio. 

In the absence oi cr, in?l;t sl,aal, transistor C1 rests m 
o Class  A-biased condition, drovlnq o noderare but steady 
collector current, and no output i s  obtained. 'When an Input 
signal appears on the base  of Ql it i s  rectified by the 
boseemit ter  junction (operating os a diode) and oppeoIs 
as a d-c bias  voltcqe with a varyinn audlo frequency com- 
ponent across  R1. Tnis  o-f compnen t  i s  developed a c r a s s  
R l  as in the canventionol diode detector previously dis- 
cussed earlier in t h ~ s  sectior,. 'Yoriotions in Sose current 
flow caused by the input s q n a l  develop a voltage acres: 
R 1  which follows the modulation ervelope oi  the 
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signal, any degenerat~ve b ic i  ,:~hict. tends to develop 
across  emitter reslstor R? i s  e l i ~ i n o t e d  Sy bypass ccpocl- 
tor C3. ?he oltput  1s developed by callector current fro,.\' 
from t h e  supply throuqh PS wbicb. varies under control o f  
the b ias  voltole ocross Pi. Anv rodio f recoenw ripple in 
the output is bypossed ac ross  the collector lood resistor 
by copocitoi C4. The mudlo !requency variations, how- 
ever, ore not bypossed, and a s  the base  i s  for:;ard-based 
by the negotive ha l feyc le  3f inp,)t, it incieoses  collector 
current flaw, anc o pcsitive output v o l t q e  i s  developed 
ocross  load R4. Likev:ise. ,.when tt.e hose pa ren t  i s  l a d e  
to decrease on posltive portion of t i e  irptlt signal iwhic! 
r eve r seb loses  the junctior) collector current floir in re- 
duced, ond the collector otitput v o l t a x  r ises  towards the 
supply ( k c o n e s  more ne?atlve!. Tb.8~- sir,ce the ~ U I D C :  

r ises  and falls in accordance with t+~mod:~ lo t i an  envelope, 
an amplified output of slrrllar ,wave!orm i s  obtclnec ond 
passed throuoh couplinq copacitor Ccc to drl.!e the SCSF 
of the follo*inq audio staqe. 

W e n  a small fixed-hlcs i s  applied Q 1, opero!ion i s  on 
the lower (cllrved) DCrtlOn of the hosedmlt ter  trcnsfer 
curve and scuare I ~ w  d e t c r t l a ~  is o!-t?i::ed, i,;~tt. an in- 
c i eose  cf dis tor t i l r .  i'ii.en hlosei  h7t .er  'on tt.e ~ t r o 1 ~ t . t  
portion of the curve! the tronslstsr aperc'e.; a: c 1;ncc: 
diode detector ililt'q t l e  addltlarcl 0:-.liflcation scpplied 
by the collector circl-it. T'le t y p e !  operatlilr IS d e t e r r i p s  
during design by selectin3 th.epr2per ,val>es o f  R1 ond R1 
to provide the Ceslred Sic. far square low detection, an.' 5,; 
choosing the proper value oi  emitter resistor R3 and bypass 
copocitor C3for  linear detectlo". :i.e r!tcut i n  h t b  
instances 1s equivalent to tb.ot from o separate diode, 
amplified by o seporctc t z n s l s t o r  :!pt:ctlnq ot t i e  some 
bias  vvltages. Ss>olly *hen c p e r t i r c  a s  c t.i?t.-le\re! 
(large signal) detector I! i s  capable o! drivinq or o~;?ic 
output stoge directly. :r t?.is respcc!, i t  i s  the transistor 
equivalent of the e l ~ t r o n  !,.be ?vier-detector. 

FAILURE ANALYSIS. 
No Output. LOSS of m lnp l t  siaic!. ! ~ c k  o f  40:. 3 

defective tronslstor, loss  of supply v o l t o ~ c ,  ar cpen load 
resistor, or an open cgtput copacltor can x a d u c e  o n o  
output condit~or.. Cieck the Sics ,  s ~ p p l y ,  on6 collector 
voltoges witt c h.:h r e s i s t a rce  ohmmeter. If lormal Scse 
h a s  1s oj tmned,  Li m.2 ;lc: .!I.UY:~: Fi!, in,: PP, 21e E ~ ~ S I O C  
tory, and C2 1s not shorted. L ~ k e r i s e ,  with xarmol collector 
w l t a g e  R4 1s okay ond C L  is rot  shorted. An emitter 
voltage sllghtly 1ar.lcr tb.on the bios opplied and still  no 
signal indicates tkot R3 on? C3 are operatinq satisfactorily 
and that eitb.cr L! i s  open or '31 i s  s iar ted.  Zheck tb.e 
input circuit for continuity and shorts with an ohmmeter. 
Tne wss ib i l i tvex i s t s  thatcoup!inocowcitor Ccc mavbe ooen. . - .  . . 
In thls instonce, sse c; an csci!!a;-ccc? !.:auld im~i&a:e!y 
show on output on tt.e transistor s i d e  o f  3cc, but ro t i inc  
on the output side. '#:hen cn o ic i l loscape  i s  ovcilcble, 
follow the siqnal thouqh the circuit ond r o t e  ,wt.ere it dls- 
oppeors or chonqes ir, shape or mpl i tude  to locote tt:e 
trouble. 
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LOW Output. Improper bias, low collector voltase, or 
a defective transistor are the nost likely ccuses of low 
output. Check for proper bias and collector voltage, and 
also check the supply to 'be certoin that a blown fuse or 
the supply itself is not the cuuse. 'iiith normal valtoges, 
the transistor must be ieiective. 

D;SIO.I;O~. FJornalPy tk,e output is distorted to 0 ceittii~: 
extent, however, the moduiotlon shouid be intelliqibie. 
'hben it 1s so dlstortd hut it 1s gurbltc, check the output 
circuit to make certain the trouble is not in the following 
audio stoqe. Clhen the distortion appears i n  the output 
staqe but not in the detector, the trouble i s  in the output 
staqe. Improper bias i s  usually the foremost cause of ex- 
cessive distortion, 0x6 ;?.auld Se checked iirst with o 
vol+meter. !! %e Sics :.sltcges x e  :.c:mc!, ;se ?G 3sci!- 

loscope and follow the siqno! throuqh the c~rcuit until the 
pattern changes and shows the pail at fault. It is impartant 
ro remermber to use ar r-f orohe when checkino with tne 
oscilloscope, since distortion in the 1-1 portion of the 
circu~t will not show unless 11 is first detect& bv on 1-1 
probe. 

COMMON-BASE DETECTOR. 

APPLICATION. 
The common-base detector i s  usually used in small 

wnable semiconductoi receivers to provide detection with 
some mpllhcation, and where extreme fidelity i s  not 
required. 

CHARACTERISTICS. 
Exploys cribleck Lix. 
Ivequivclent i r  output to c diode and c seporote onpll- 

fie1 stage. 
Produces more distortion than tb.e common-emitter 

detector, c,r a d k d e  ietcctur. 
Gperates os a small signal detector which caneasily 

te overloaded. 

CIRCUIT ANALYSIS. 
Ganer.l. The co~xon- tcse  detecta: is the uansistor 

wui~olent  of ~ t , e  electron tuhP "rid-l~nk i ~ t w t n i .  iktpction 
occurs ir the baseemitter junctlrr and ompliflcotion occurs 
.L .,.r ,,,.. - , . _L  , "  u,e o! the ml!ec:cr z~ct ior , .  Tt,i ;;!p~t is the . , rq"ivo~err ,:i ., ,iic.lc .irre,:r,.r :r,l:.-P-: i" .. , . . -,.-- . . . . . ". - . -. - . -  - - -. - 
mpliiicotior, k t  *it:. :::;rc irll,crcrrt distortion. :',"-ere 
less dis:i;t,;n =id betti; aualitv aie i e a ; i i i r i  i ;woi::i 
dlode ond tronsls!or auilo stale i r e  xsed. 

Circuit Opatmtion. T'r srhv-,:*:- ,,. ,,, -6 ., - +.-:--I ,",,>, , , \ .  -?,I:;,. 

Sose detecto: i: ;k.c,::c ic !i:e c~-o:r:ryiiil; I!!i;::~tior.. - lransfcrmcr - i  is oc r-i !rr?c!.r-er ,when used i n  si-DIE. 
two or three staqe receiver:, cr ;n I-! translor->er when 
"SE? iz .."~L::,.:L:~:~:>L". :: ~. :":.-: :L c.::~; c-,c i-: 

frequency 0: !re cprrctln*; !rcq-cncy, 35 applico?le. Ir 
-, i.;e i rawlng ; ; IS h q i e  iriced in ine seconday, but may 

d s o  be t u r d  1 .  ti-c pr1:nor:. 3ssistor % I  ond capacitcr 
m -1 form 3 qr:?-!ia; hi;; ::ct..v~li .>,t..cL sets tb,e OPeiC1119 - -,-. ,,; .L"" -,.. ". ,,."".,A- , - -  "..A,,. -,..-... .-.-I.-- -.,,, -. ,.,. ,,,-. ?-...,.-... ",.ill 1.,.1"..1 ,.. ,,'^,,, 
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Common-Bore Detector 

from the collector circillt through oudio output tronsforner 
Ti ,  however, 5i so'dpllni i:lo) je bsrc  tc he;& ~c.;rovi 
fideiity if o smaller output is satisfoctor~.. The pnmorv 
of 72 forms the detector output load and IS bypossed tor 
r-f ripple by capacitor C2. 

The input siqnal is applied to either the tuned or un- 
tuned piimarv ond inductlvelv coupled to the L2 secondarv. . . 
'When tuninq copocitor C is tune? to the proper !reouencv, 
the input sig-cl is :ob~led t:;;.;;' r J :  I: :L.e tr8j!tti. 
In the absence of a sigr,al, cor~toct hias exists as ,deter- 
mined by resistor ii 7?,e snoll ilo:. o! reverse currcnt 
develops small "la5 voltoqe ocross R I  which i s  near zero 
and only the srr:all rcrr.ul ri:,erse ,rsr:ert flo-.s. '!:-.e: ~bt. 
psi t ive  portior. of the input signal occurs, current flows 
thmuqh the emitter-base :;nction i;;',inn tL,e enlttei nos)- 
tive (forward bias) ond couacitor C i  1s choraed necativelv. 
establishinq the operatinq paint. On the neootih~e excursio: 
of the input sijrial copocitoi Ci i s  Jischaraed tirouqt R i 
creating o negati,ie, re'verse-blss -t.~c'. :educes conc:>ction 
in the emltter ]unction. The b a s  developed tollo.;:~ the 
wave enuslope i: t t e  ̂ ~cd i l~ t t !  a i j r l ~ :  i d  proLies u i< 
emitter bins ,which vmies ot oudio frequencies. Yoriation 
of the emitter has  causes the collector current to flor in  
--... >. ,>L,.,>l,,,J .cr ;*it\, t!,e r.?$i.: ire;-n:Ly .L'!Ct:̂ I:z -Ji :?C :>c?... 
lotion, or?  !he ?ctp! vc!t?;e :s ?eve!cpe? 5; r2!!ec!c: 
,̂...̂.* 1 I-,., .i.- .._. ..- _' ; . . . . . I .  "' . -.. ..-.. ... . . . ......ii '. . . - : : . , . d I : , C :  .-. 
Capacitor 2 ef!ectiuei; ccts cs o lo.;; pass filter, ond 
:.,* -.?- . -~...c,. < ~ .,.:.., ', ..: * .  . ' " -.., . . ". .-. -u,, ?-., c;,, ,,.I pv.c, .CA.<..,,," i r .  ;..= 
coiiector clrcult. inus cnly ne 3 ~ ~ 1 0  va~i3t10ns ir:uce c 
.,- ,ulLuue +-.. ir, : ~ , C ~ : G G ~ V ,  ,a! TL, z:d tk,e iiele arc,,~r~d t :~~e  >et:- 

andmy of 72 varies is j c ~ . ; ; ; ~ ~ ~  wit!. s;lleitar iurr.r.t 
changes, incuclnq an output voitoqe in the secondary. 
Strona sionals mav ?eveloo t m  muck, blcs on the mitter. . . 
cut off collector current flo-, on? csuee blockin". Since 
the bias ordl.cr?l:. i s  small, the trcnsi5:cr oac:::e; o: 1t.e 
lower par!?c?. c! the 5-:ttzr-boct t:cr.s!c: c;coctcr;;:ic 
=fie and is 3 sq,zit la* ieiciilji. A ' : I U ~ >  u i  ~K?OIMP~I!- 

!!-B.5 
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discriminctor, a n d i s  ther. ;cised higher in i r equenq ,  tr,e 
typical discriminotor response curve shown in t h e  accompo- 
nying illustration is cbtoi:.c?. 

OUTPUT 
VOLTAGE 

0- 

4' I INCREASING 
A I FREQUENCY -) 

Discriminator Response Cvrve 

The usnhle portion of !he typica! "S" s i &  respocre 
curve 1s iiom poir t  A to point 3 in the illustration. 3e- 
tween these p i n t s ,  the curve i s  lineor ond the instontan- 
mus ostput voltaqe i s  directly proportional to t h e  instan- 
taneous frequency deviation. 

Circuit  Operation. Tr.e occomoanvlno circuit schemotlc 
illustrates o typical Fostei-Seeley semiconductor dis- 
CTimin01Or. 

C R I  
A 

% c5 

I C C  

MWk rih 

Foster-keler Discriminator Circuit 
l&.1.,,:-- I:-: .-.-.---, ...> ...,...-, .."se, 

The collector portion o! t+e p r e c d ~ r -  i-f [Iimitsr) 1-3 
lifi,,: C] ir, ;L,>,;;n cz !"? z;4ey;tjr . '. '  . . , , , , --- , , , , ,, F r.,:-..l !, , , , , , , 
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emitter resistor RE ond bypass capacitor CE. The col- 
lector circuit tank consistinq of C l  and L l  i s  the primary 
tank of i-f input transformer 71, .,;t.ile L i  a n d  Ci iarn the 
secondary tank c~rcu l t ;  :mth to&s are ttlned to t i e  center 
frequency. Ct,oke L.3 i ~ i r n s  the 2~ retYrn for diode rrctl- 
fiers CR i and CF2. 'Wile CF1 mad CP2 are +own by- "-""-., k. "",.",< .--: ?.-.- 0 1  -..A D" .L-.. -.- --. r"""l.l ", Ly""..LIIII iill-ilVil ",," i .&, ,,,i" Uli ,,", 
a i w q s  used (rhey m e  usuaily used when the dlode back 
resis t -ncts  ore Sf ie re r~ t ) .  7es l s to r s  R3 an. 34 are tile 
lood resis tors  bypassed by C3 ond C4, respectively, for 
r-f, capacitor C5 i s  the output couplinq copacltor. 

' h e  center tap o r  ccrl L2 i s  capnat ively co~ ip i id  
throuqh couplinq capzcitcr LC tc t i c  pri::.cry. And t k t  
ful l  volta-re e r i s t r  across ckoke L3 .:,I !escrorce :tl:i 

, , ,--"t-, , T ~ . , , ~ . *  ~ , !  -",,"I ,," ,""*? m "-2 a -.? -.-- ,,**.. -........,u....,, .,--. ..I .u.,..-,u.....,u.. " ".. 
ocross botil i o lves  of L2, thus eaual :.al:ooes are zoolied 
to the onodes of ZCl  cnd Z E  tb.csc ;.ci:a::e; 
a re  positive, coi~iuctlorl uccors ond currenr [lo* ri.rauqil 
diode load resistors F,3 ond 34 produce eqiloi cnd oppo-lnj 
voltages across  fliter capacitors i.3 0l.d Since the 
output i s  taken from C5 to qioun?, the equal or?  oppos:trly 
polcrizec s1;nals c ~ n c e i  an? prc%iz :a ,li.;tpc: e t  Lie ;e:tti 
frequenci. However, o s  t:c i r e q e r c  is r3?se? ~ E Y P  t ~ e  
center i i equpnq ,  the phnse rdntion;?ipc in tk,e ~ ~ I V P S  o f  
the LOPK circuit cause n ' V O ~ I ? , ; ~  ckwze so i i z t  el ?ern-ec 
larger t b m  e,. Since l t  is larger thcn t re voltcqe ocross 
R4, the voitoqe of H? predom~rates, cieouna c oositive 
output wltoye.  

Conversely, when t l c  input s isnal  h e o u e n w  "02s  je- 
iow the center ireqencv ir,? i s  io#,er, voitaoe e, 1s 
larqer than e ,  and the ;.oltorle ccrcss P 4  predominotes, 
creminq a negative otltput. As !nnu cs the  inpl:t !ren.>encY 
vmialions r e z a i r  witk.1~ tke l i r i t s  c! ppck s~p3:3tion 
morked h and B on tile d~scriminotor curve, o linear i r e  
quency versus amplitude re!otianst.ip i s  maintained. 3 1 0 1  
is the hiqhe: the !rcccelc., the 1z:ci.: :hc oc:i:i,:c x t x t  
voiloge becomes, ord ice iower t ~ . e  irequency the iorqer 
the neqotive output becomes. ;;f desired. the discriminator 
transformer conbe  wound ocd connected to oroduce o o m s i t e  
polarities from that described abnve.) In cny event, tb.e 
output voltoqe is olwayc developed 2crnss b t h  $.?and a4, 
and it i s  al:.;ays t5c olt:ch;aic sli: of these. Caoacltors 
C3 m a  C4 a re  u s e  to store the lnstantonwcs valtaqes m d  
develop an overose octp8:t .+ ic t  vnries a t  n12d:o freqcercle: 
T h i s  OU?put, in !u:r., i s  --:;pied t: thc audio amclif{i;,> 
s t ages  Sy cc:pl:r; c~pzci :cr  'l: to:? ccuplirq zet"u2 m y  
h x e d ) .  ' k s ,  wkile the !::ct c.r:sists of 2 ccrst:ct!v 
varying f-m signal o: steady ornplitude, the output i s  an 
audio frequency which varies !inecrly h t i .  !n !recsenr, on? 
anplit>:de ir qcccr4crre - ! t k  l i e  irec~~er:~.. . . r.::i-.: ?! :L? 
input siqnoi. 

FAILURE ANALYSIS. 
No Output. A defect In the primary or sccondory wind- 

irlr ... .,- - 6  ". TI  . ., :- .,. +L.. ,..- arc  . ,. .,, ". =, :.. ,,% .-.I. Lu.An ...- LusjL2.,4 :.- L u ~ u L I L ~ ~ a  "---; .-.. r~ - A *  

Ci, or C3, as well os deiective d ~ o d e s  can c o u p  a nciautpu 
condition. It i s  3150 possible f?r ccup!ic: copccitors 'Ccc 

' -C t" I. --.. .. '^_ I. - _ - -  ̂ _r^_ : . . _ .  - . , , . ,;. ,,;. ,,,,,, .,. ... . . , .  , 1 , 1 .  I , . <  .,:-!! ,7> . . 
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C3 or C4 to be shorted and bypass the simal to qround. 
Use on ohmmeter to check the primcw and secondary of 7 1  
and the RFC for continuity, ond for shorts to qround. If 
these &e&s foil to locate Lbe trouble, use an in-cirmit 
mpocitance checker to meosure the volues of C1, Cc, Ccc, 
C3, md  C4. Note also, that b t h  diodes must foil to cause 
nwutput, since if only m e  fails there still will be an out- 
plt. When possible, use an oscilloscop to observe the 
waveform at the input and follow the sirplol through the 
circuit notinq where the siqnol disappears to Locate the 
sowce of the trouble. 

L o w  or Distorted Output. A defect in neorly any com- 
ponent in the discriminotor circuit moy cause the output to 
he low or distorted. Use on R-F Sweep Generator and an 
oscillmcope to lsolote the trouble. Connect the sweep 
generotor to the input ond check the output ,with the scope 
on 0 1  and ot the anode of diode CRl or CF2. Lack of 
signal ot Q l  indicates defective transistor or port in the 
transistor staae of 01. A sioncl on Q l  but not ot the 
diode anodes indicates Ccc is either open or shorted to 
around. If the input sianal does not chanoe in amplitude 
as the input frequency wries, the trouble is most likely 
in the discriminator circuit. To determine if the discrimi- 
nator i s  at fault, ground the baseof limiter stoqe O l  and 
connect the r-f sweep input to the discriminator input, wilt. 
the oscilloscope connected to the discriminator output. 
Adjust the sweep generator to produce on output which 
varies both below and abave the discriminotor center fre- 
quency ond observe if the pottern on the oscilloscope i s  
that of the typical "S" curve shown in the first illustration 
of this discussion. Defects in the circuit will cause either 
the entire curve or o portion of it to be distorted, or 
flattened. 

if the entire response curve i s  distorted the trouble 
may be caused by either improper alignment or by a de- 
fect in transformer Ti. First check to be certain that both 
the primary and secondary tank circuits are tuned to the 
orowr center frwuencv. If the discriminotor is aiianed . . . . 
properly, the trouble i s  most likely in the transformer. 

If only the upper portion of the response curve i s  dis- 
torted, the trouble moy te caused by o defect in diode 
CRl, capacitor C3, resistor R3ar transformer TI. Use M 

in-clrcuit copcitonce cbecker to check capacitor C3 for 
value and leakage, and use an ohmmeter to check resistor 
R3 for a change of value. 

Conversely, if only the bottom portion of the discrimi- 
nator response curve i s  distorted, the trouble may be 
caused by diode CR2, capacitor C4, resistor R4, or trans- 
former T1. If the trouble persists use an in-circuit copacl- 
lance checker to c h ~ k  C4 for value and lwkaqe, anduse or 
ohmmeter to check resistor R4 for o change of volue. If 
these checks fail to restore the output to normal, trons- 
former Tl  i s  most likely defective. 
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RATIO DETECTOR. 

APPLICATION. 
The semiconductor rat!? detector is ssed in semi- 

conductor type Fht recelvrrs to denadulate the received 
r-f, f-m s~qmal, ond in afc cantrcl circuits to trnnsforc 
frequency chonqes into l-c control voltoqes. 

CHARACTERISTICS. 
Esnplovs a double tuned tianstor-er 3rd two solil  

state diodes. 
Converts instantoneaus frequency variotions of the f-n 

signal into instontanmus d-c ~:oltooes. 
Distortion is inherently low. 
Output i s  not oftected by input amplitude variations 

when preceded by o limiter 513qf. 

CIRCUIT ANALYSIS. 
Gonerol. The semiconductor ratlo etector. Ilke the 

electron tube ratlo detector previo>isly discussed in Port 
A of this Handbook, uses a double tllred transformer 
(discriminator) connected so thot the inston!oneous f r r  
quency voriotions of the Fh( input siqrnl are converted 
into instantaneous mplitude vorictions. Tllese amplit~rde 
variations are rectified by the diodes to provide o d-c 
output voltage which varies in mplitude and polarity as 
the input siqnal varies in frequency. The output is zero 
when the input is equal to the centcr frequency (unmodu- 
loted carrier frequency). When the input frequency rises 
a b v e  the center frequency, the output voltaqe increases 
in one direction (for eromple, hecomes 3ore neoative). 
The specific polarity of the output voltages obtained for on 
innease or decrease in input frequency is determined bv 
the design of the circuits and may vary from circuit to 
circuit. 

Circuit Onsration. The occomoanvina schematic dio- . . 
gram illustrates o typical semiconductor ratio detector. 

' h e  inout tank circult comorised of C! and orimorv 
winding i l  of TI i s  tuned to ;he center frequency of the 
received f-m siqnol. Secondow windinq Li ond copocitor 
C2 also form o tank circuit tuned to the center frequency. 
Tertiary winding L3 provides addition01 inductive coupling 
which reduces the loading effect of the secondmy on the 
primary circuit of the detector. Solid stote diodes CRI and 
CR2 rectify the s~qnol from the secondow tonk. Capacitor 
C5, in conjunction with resistors R1  ond R 2  determines the 
operating level of the detector, while capacitors C3 and 
C4 determine the mplitude one polarity of the output. Re- 
sistor R3 modifies the peok d~ode current and furnishes a 
d-c return path to ground. ' h e  output of the detector i s  
taken from the common connection between C3 and C4 to 
ground, which i s  also the common connection of Rl  and R2. 
Resistor F ~ i s  the load resistor. A low-pass filter i s  
formed by RS together with C6 and C7 to provide hiqh f r e  
quency deemphosis. Capacitor CB is the output couplinq 
capcitor. 

When input voltage ep is applied to the primary, it olso 
appars  ocrms W since it is effectively cmnected in 

CHANGE 2 



ELECTRONIC CIRCUITS NAVSHIPS 

C R 1  
nvc - . - 

* 
INPUT 

Ratio Dctecto~ 

parallel with the p inary  tank clrcuit by inductive c o ~ p l i n ~ .  
When voltoge ep is  opplied to  the qimory .+,indin7 of trons- 
i o r m r  T I ,  o voitage is olso ~nduced in  the secondary w m i -  
.,.,. ,,., , ., .,  .? i.4iriil iiw .J..! i!.e .- , , . .  : -.... .-...' ...* ".. ".."... 
arcu l t .  ,tihen the Input i rewency is  c t  tnc center i:eq~er.cy, 
the tonk is  iit resoncnce, is resistive, a n i  acts  like ,z ie- 
sis tm.  Tr,erefore, tcnk c:arent 1s ir ;bse witn ?lmarv 

. , .Lritii"SfS voltcge ep. The i;r:ir.t :!s;ilnc; in tk,e t ink -'-- .' 
equal~,oltcc;r drops to 3e p r c c u c t ~  across  eocn hgU ci 'he 
haianced secnn6,ory wlndir? of 7, .which nrp oi i . ~ ~ l - i  m n r -  
- < . . . 2 -  - -2 - 8  -"---:.- -.> L ...--.. .- .&. ',"uuc viru ui uppurl ,= y"luil,y ..>r,, ,rzy-i, ru  r , c  --l.iLi 

t cp  of the :vinding. Since the wi -d in~  is ge-Ic-nir.ste!y 
inductive, the voitilje 4rop ilcross it i s  90 degrees oul of 
phase with the current t h a i e h  it. At the sore t i r e ,  be- 
cause  of the center top crranqenert.  t i e  vc!taqes to ?round 
a t  each en?. of !hesccc??2r;. cre !2C :e;rees 0.11 ?i F ~ ~ E P  

and ore sno.vn 3s  e ,  ind e, on !ne sck,ernctic. 
' h e  vol tale  applied to t b ~  cothodp of CPl consis ts  of 

!he vector snm o f  e ,  or?  r:. L i k y i s e ,  the ~:rltc:e ap?!?~.? 
.-. 

t~ !?,e m c d e  o! '.?i cxi-??!? e! r?.i .!-tcr s-- c! v?!u-e- --- 
e,  3 ~ d  ~ p .  .!YE. 31 r -c? rnnc~  +!?re ,r  10 D!CC? ry.:/t, 

50th voltages cre ecuz!. Locslcer no:r !ce -O:TE: :T ,:I?!:: 

the diodes operate wltt. t t ~ e  Ilscrinlnotor .;altane disc~:ssed 
above. tihen o m;!,ive ! n r W  c!nnol 1 9  nrnl!, :Q : ,, 7 

voitoge o f  cpposi t t  pc!zrity ! s  !?,&xed !-.to seccndcr;. 2. 
As st,o~*r, :n the occor,pcr;yl,,; a.;;,plii~eL scb,~;;,dlic, :!,e 
cathode oi CF,i is n~oc t iv*  w>r- IPP?NI to  ~ I c  C ~ O O -  crl 
i s  forward biased, wt,i!e t i e  -rode ;f ZP2 is p a s l t i v ~  ,i;itt 
r.ry2t !. its c~!ho?t. "!? is  ! ~ L ~ ' Y ? ~ P ,  !c.I'A'"I~ hi~1~06 .  
Since b t h  voltages ore c i  eqbol inoqnltudt at resonance, 
b o t ~ .  c loces corduct ea;>zli.i. "ercc cilrrert tlcc: t h o \ ~ , ~ -  
,>- -U! is ir, c-e di:c:t:c:. ,?xki!c :ke :::en: :I:..: t t :~czL 
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CR? i s  in the o p p s l t e  duection. X i s  di;ection of current 
flow causes 3 negotiie polarity a t  point A and o positive 
polmity at pain! 3. Throuqb P.L c pocxtlve ci-arqe is W- 
plied to C3. Ir o similar manner current ilac tk.rouyh CR; 
produces o neqarive paiarity ot p i n t  3 ond u potl i lvr  
polonty o t  Yence capocltor C4 i s  chcried nwcti,ieiy. 
:i,,r ~i;.r vuluriilrb u::liiui, iupliiii i i i  C5 liiioss ::,e 
output charges to the ser ies  , d u e  o: 1:i.lce this %oit03e. 

Simplified Schematic 

10 
VOLTS 

In the example s!icwn, it i s  assumed that equo! hut 
o p p s l t e  wl toges  of 5 voits emst  across C3 and i4 
Therefore, the totol charle ocross C5 i s  10 volts. Since -- 
!he voitnle om-ss , I  cnn .L  "re e"11cJ 11 ompiitlldn '5 
volts) and o f  o p p s l t e  polorny, the o u t p ~ t  across  l m d  r e  
c is tci  D! iz :LC s!Y::c:s. :I:- or ICIC. 

?li.en tnr mp;t ; ;~ : i ; l  :r:erses ooiorlts. the seconcarv 
voltoqe ccross L i  also reverses poiorltv. The cathode of 
CR1 i s  now posltlve ..vlth respect to i ts  onode, and the 
ni8c,,;e c,f T i ;  I s  r l t , p t l v t  h i t !  re*pcr: tc ~ : s  cotthdt .  
ilnder these  reversrblos conaitions ne~ ther  diode corcucts. 
and there is  o l s o r o  u ~ t p ~ t .  :v!eanwi-lle 35  retoms r c s t  af 
i t s  r h n r w  hPrnl~se of the lnnc t i m ~  rnnstnnt n f f ~ r e d  5" 
81 and P2 and d l ~ c h c r ~ e ~  ,very ;!~;'.d:.. 

:L:L ,,,, c,, _ _ +..- ,",, eu r: -:." .... -r .,,e:ctes G: z !.:zk.e: frsue~.?; 

than resononce; the 1rr5tjctlve reoctorcP of tt:e coil In- 
cremes, ivnlle tne capc!t ive :eactorcc 3f tze t.ir.ITi: x ~ i i  

---- -- ,.,,,,-. .,,2:c!3:z, &S"C :::?7.;7.:: ::-,c :,::,A :: 
!r,n],j: . , ;r,cl{~:,> , :,,, . . ~ ~  i , , , . i ~ ,~~  ,,.., 1 .>..i. :;- ... is..!,:..: , [ .  -l -. .r  r 

;he s c a n d o r y  current ( i s )  ing* the p:lmury voltuqr tp. -. , >?:efzr? ::fien 5; i7z,.: fr.?"<~eficv ::i;>,e? t%r. t : e  ce,z:<7 

frequency 14 nupilei I t x  detector c?rc'.:t, o ~ k s e  s:.ilt 
" ,L",."L .---*A "- ..",."-*. " " -.* -,<!I , , , . I ,  , , , , . . . . , . . . . , . . / /  

;?; c , : < T  ~ ;;;, :;,:; ::~: z!:c ?! c.: :! 
"has? with t k , ~  C . J I I ~ ~  ( l s i  whir i  PTO~UCPS t h m .  ?nus !!F 

chonoe to o irc7:r:: :er-idor.; c:lrrent rotates t ?e  vecmr 
;j; 2 :Icz1k.;;Le 2::cc:.<,;, ;:,: :., ,:, !;:c* ;7:, ;.,cc;c: .;. L;,:;c 
,vltb, gr!r,Gp; . : ~ I t ~ < e  *, ,,,r;:!e e2 :: st.,:e: !L!ltl.er >a! c i  

, 
u.., UL LV Y i i L  C ,  IS :ij.i. pi;"se w i t :  kp. -:us ! i . L  :vci"l ,',.. , 

lmqer !i.an t5ct 3! m at.; e,. The:e!c:e, aSo:,e !be center .-. 
i r e ; u e ~ q  1r.c jcl:o:e -;::ti :c t L i  :~t:oCi O! .::A LC- 
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comes greater than the voltaqe opplied to the anode of 
CR?. .. .- 

Consider now the manner in which the diodes operate 
with the discriminator voltoqes developed above resonance. 
a s  discussed atove. When o positive input is applied to 
L l  the some palority as in the previous exmple discussed 
ohove exists, namely CRl cathode i s  negative and CR2 
onode i s  positive, ond both diodes conduct. However, e,  
i s  now greater than e,. Therefore, diode CR1 conducts 
more than diode CR2, ond C3 charqes to a higher voltoqe 
than ot resonance, os shown in the accompanyinq simplified 
illustration. 

C R I  

Current Flow and Polarities Above Resononce 

Thus, we assume in the fiqure an 8-volt chorqe on C3 
cmd only a 2-volt chmge on C 4  Since C3 i s  positive with 
respect to C4, the output i s  a &volt positive siqnol. 
Meanwhile, capacitor C5 still remains charqed to the sum 
of these voltaqes or 10-volts, a s  oriqinally stated. When 
the input signal reverses polarity, the polority of the sec- 
ondary also reverses, biosinq both diodes in the opposite 
direction, and preventinq conduction. During the non- 
conducting period, C5 discharqes very little because of the 
long time constant. 

When a tuned circuit operates at o lower frequency 
than resonance, the cooocitive reactance of the tunina 
capacitor increases, rvhile the inductive reactance of the 
tank coil decreases. Therefore, below resonance, the tank 
i s  predominately capacitive and acts like o copacitor. When 
on input frequency lower than the center frequency i s  ap 
plied to the detector circuit, a phase shift also occurs and 
secondary current is leads the primary voltage ep. Althouqh 
secondary voltages e, and e, are still 180 deqrees out of 
phase they are also 90 degrees out of phase with the cur- 
rent which produces them. Thus the chonqe to a leodinq 
semndory current rotates the vector in a counterclockwise 
direction, and e, i s  now brouuht neorer in ohase with e,,. 
while e, is shifted further out of phase with ep. Thus the 
vector sum of ep ond e ,  is no?, larqer than that of ep and e,. 
Therefore, below the center frequency the voltoqe opplied 
to the oncde of CR2 becomes qreater than the voltaqe ap- 
plied to the cathode of CR 1 a s  shown in the occompanyinq 
simplified schematic. 
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Current Flow end Polarities Below Resonance 

Once again CRI and CR2 are conductina, but this time 
CR2 i s  conducting more than CRl, hence, copacitor C4 i s  
charqed to the larqer voltaqe of 8-volts, while C3 i s  only 
charged to 2-volts. The output voltoqe across the lood in 
this case is a negative bvolts tecause C4 i s  charqed 
negatively with respect to C 3  Again the chorqe across 
capacitor C5 consists of the sum of the voltaoes across 
C3 and C4, or 10-volts a s  ariqinolly developed. 

When the input siqnal reverses i ts polarity, the siq- 
nalocross the secondary also reverses i ts polarity. The 
cothcde of CR1 i s  now positive with respect to i ts anode 
and the anode of CR2 is negative with respect to i ts 
cathode. Under these conditions, neither diode conducts, 
but the time constant of C5 together with R1 and R2 main- 
tains the current through the load in o neqotive direction 
until the next cycle of input, and C5 discharges but slight- 
ly. 

The output of the ratio detector a d j ~ s t s  itself auto- 
matically to the overage amplitude oi the input siqnal. 
Through the action of resistors R1 and R2 together with 
capacitor C5, audio output voriations which would occur 
due to r-f amplitude variations in the input (such as noise) 
are eliminated. Since C5 charaes to the sum of the voltaaes 
developed across R I and R2, any amplitude variations ot 
the input of the detector tends to chanqe the voltoqes 
across R l  and R2, but because of the lonq time constant of 
C5 across these resistors, these valtaqes ore held to a 
minimum. Before C5 can charge or discharge to the hiqher 
or lower amplitude variation the impulse disappears, and 
the difference in chorqe across C5 i s  so sliqht that it i s  
not discernible h the output. Because the voltaqe ocrms 
C5 remains relatively stable and chonqes only with the 
amplitude of the center frequency, and since it i s  neqative 
with respect to ground, it i s  usually used for automotic 
volume control (AVC) applications. 

Cowcitors C6 and C7 toqether with resistor R5 form 
o low poss filter which attenuates the high audio frequencies 
and passes the lwrer frequencies. This is known as a 
de-emphasis network, whicb. compensates for the p i e  
emphasis with which the hiqh frequencies ore transmitted, 
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and returns theoudio frequency balance to normal. When 
peemphasisis not employed these p i t s  are not needed. 

FAILURE UALYSIS. 
No Output. A defective discriminator transformer. 

T1, shorted tuning capacitor C l  or C2, on open output 
resistor R5, an open muplina capacitor W, or shorted 
filter capacitors (C6 or C7) will produce a nwutput con- 
dition. Check the continuity of the windinqs of T I  with on 
ohmmeter. Check capacitors C1, C2, C6 and C7 far shorts 
and capacitor C8 for an open with an ahmmeter, and meas- 
ure the resistance of R5. If any of these checks foil to 
restore the cutput check a11 capacitors for value with m 
kcirc ,~i!  cqpci!wce .hecker. N a e  (hat while nn- defpr- 
tive diode will pcduce a pr t ia l  loss of output, both diodes 
must fail to cause o complete loss of output. 

L o r  or Distorted Output. A defect in nearly any com- 
wnent of the ,+e:ect-. ..."I I .  U S  - .. - + h e  , ,  -. .+ p ,,+ t. -'+Ler ..... 
low or distorted. Therefore, it i s  nood practice to use on 
1-1 sweep generator and an oscilloscope to locate the 
trouble. Ground the qrid of the lost 1-F staqe and connect 
the rf sweep generator to the detector input, ond connect 
the oscilloscope to the detector output. 'With the sweep 
generator set to produce on output which varies a b v e  and 
below the certer frequency, the pattern observed on t h ~  . . 
oscilloscope should be s~milor to the discriminator response 
curve illustrated previouslv. Defects in the response 
curve will cause either the entire curve or a portion of it 
to hP distorted or flottened. 

!f the entire curve i s  distorted. the trouble may be 
caused by improper aliqnment or by a defect in transformer 
Ti. First check to be certain thot both, primary and sec- 
ondary circuits ore tuned properly to the center frequency. 
If the detector i s  properly aliqned, check capacitors C1 
and C2 with an in-circuit capacitance checker. Check P.1 
and R2 far their proper value with an ohmmeter, ond capoci- 
tor C5for value and leokaqe ,with an in-circuit capocitonce 
checker. If the trouble is still not locoted, it i s  most likely 
caused by a deiect in translormer T1. 

If only the upper portion of the respanse curve is 
distorted, the trol;ble nay k caused by c defect i n  diode 
CR:, copcitor C3, or tronsforrner TI. 

Canverselv, if only the lower portion of the response 
curve i s  distorted, the trouble mw be caused bv o defect 
in diode C82, capcitor C4, or transformer TI. 

VIDEO DETECTORS. 
Tne semiconductor video detecto: is very sixilar to !I:? 

",c"",,, I"& .<i$cc $ctcc:c:. "ce:;l:.. , uv."x --.-'-.-- .,,,4, :.:c ' ~. :zsc ' 

detector must handle o lorqer rcnce ot xrequencies 1l-on tne 
dondad detector. n.." ,.," ':-A , 

.,."a ..L "..u" . y  ..., " C.tL ; .:/.:.c: 3: 
se;ies peak:>;, 3: k!?. ;:.s!er.;, x?1 :3 c ? z ~ D : ~ z : ~  !:: 
loss of the hiqher frequencies. Hctuaiiy, whether or not 
there is excessive loss of hiqh frequencies is sometimes 
doubtful. For example, usinq the standard diode detector 
provides o brwd resporse ond it i s  the relative ovalint of 
loss of output voltage in response to frequmcy that is - . . .  , . 
t a t  : x s  in :ire ccsc \%.:ere ::e ~ i p ,  :rq~czc;. 3-1- 
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put topers off gradually it i s  questionable if peaking i s  
necessary. On the other hond, where the cutoff is rather 
sharp, then boosting circuits me in order. 

Tne simplest circuit, of course i s  that of the diode 
vidm detector, however, this provides little or no gain 
since inherently the diode has no anplification. On tb.e 
other hond by usmq a transistor type oi detector, t ie  
emitter-bose junction con provide the detection t i ! =  
amplification is obta~ned from the collector-base Junction. 
Thus, in one staae b t h  detection ond amplification are 
obtained and fewer driver circuits are needed to boast the 
output amplitude sufficient to drive on indicator. 

If the diode i s  ,used it is necessary to keep the input 
impedance level or tke hioh side to nointoin the rectificotiol 
e i i~uency oi ine diode a1 o big" ievei. Cn <he o<ier iond, 
a tonsistor can serve efficiently as a video ietecto: into 3 

relatively low volue of impedance. The t.iqb. Lose ~mped- 
mce prorides !be necessary hinh i ~ p e d a r r e  i?.pu!. vrhile 
the output at medium or moderately low impedance motches 
the followinq video amplifier staQe. Hence the neneral 
trend is to use triode video detectors, rather than diodes 
followed by extra staqes oi video anplificotion whlch do 
require odequote equclizinc and peskln;. 

BASIC VIDEO DETECTOR. 

APPLICATION. 
The basic video detector i s  u s d  in semiconductor 

receivers of the superheterodyne type to provide o hiah 
gcir video o-tp::!. 

CHARACTERISTICS. 
Uses either iixei: or self-bios. 
1s equivalent of o diode and one staoe of transistor 

amplification. 
. . ESes v;:cc oe-k.-- -..- .... " .- ?.."..." '.A , " ..,< I_I.IUI,C ,I i."l," I ..iy,. 

frequency responses. 

CIRCUIT ANALYSIS. 
Cenerol. The operotion of the basic video detector is 

identical to the operation of the A).! 3ide  detector previous- 
ly discussed in Port * cf h s  Handbnk. Tbe only dif- 
ference lies i n  the : ~ S P  O! Lhe boseenli!!er y~ncUon a! the 
transistor US u &ode ir: place of u separate diode. Zo!!:. 

?,.?,..,? q7a -22-2 ,- .LO O P , ~ .  "<r",.;. ,* "..,""...," -..-*.,u ----- .,, --..uu.u. .- 
ensure better !:In:! ireatlencv resDoRse. The renier shouli 
refer to h e  diicursln" of 11 e ;,nie ;n,irtor, r ?or, A nf 

this sectiol: of tt,e Y:on?mok, !or proper backnro:lnc hefore 
p r ~ c . 4 i r , , >  w:,\, tk ,-  dlq,-,!<<!,-,? ,-,f <L,<. .=-,i,-cn+;,,-,,-,r ,.,,:*- 
' ~ l i e ~  ittector. 

Circuit Ope,ation. 'ii c ~ i , n r , : l  ,- o f  c tiry!?g! trnp- . . 
sistor v i d m  detector -sin, sham pprk!r, i; +,:r i n  the 
" C L O I I I P U I I ~ ~ ~ ~ ~  I I I U ~ I I U ~ I U I I .  

The h s e  a! trmsrstoi 0! is ccnnected to the intune? 
seconiarv oi 1-i riorsior-ner T :, .vnri t ie  primar; runed by 
cap;i,tar C. 9i:ls:arz 32 j r? F.3 f r s m  ; :,z:; rill .jltc,7r * :: , v l b t r  iron: ti.? nc.:atl.:e ;,;PC!; to ,:o~.r.!, .I:!!, 1k .a!tor:e 

. . 
2--- ----.. ;>;. .- >......L- .--- .- , ,  ." .-- ,,,, , , , , , ,  ,,,>. , ., ,,,,, " , ,  , , ~  ,,,...- ,, ., , , ,  . . , ,  ,,,,, , ,  ,,,,- .. . . 
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INPUT 

Boric Video Detector 

secondary windinq L2 of TI. R3 i s  bypassed by Ci to pre- 
vent a degenerative voltage frorn beinq developed ocross 
R3 with the instantaneous bias swinqs, thus ollowino 
voltage divider R2 and R3 to provide a steady forward bios 
to the base of 01. Resistor P I  is o conventional emitter 
swamping resistor used to stoblize the tronsistor oqainst 
thermal chonqes and, likewise, is bvpassed by Cl to pre- 
vent deqeneration in the emitter circuit ond neqative feed- 
hack effects. Inductor L 3 i s  a shunt peokinq inductance 
with R4 supplyinq resistance to widen the response. L3 
also acts as the detector output lood resistor ocross which 
the output mltage is developed ond opplied throuqh coou- 
plinq copocitor Ccc to the iollowlno stoqe, or d~ iec t  to the 
CRT if sufficient drive exists. 

When on input siqnol i s  a ~ ~ l l e d  to TI,  the i-f freauencv 
i s  selected by tuned circuit L l md C, md this i-f toqether 
with any modulmion component is inductively coupled 
through semndary L2 which i s  leit untuned for a hood re 
sponse, and the slgnol i s  applied to the base of Q L Tne 
emitter-bose junction of 4 1  acts as o rectifier and inston- 
tmeouslv honaes  the bios in accordance w ~ t h  tie lov; f r e  
quency variations of thernodulotion envelope. Any remoin- 
in: i-f i s  bv~ossed throuah caoacitors C l  and C2 to mound . . . . 
and has no etiect on circuit operation. As the audio en- 
velope of the received siqnol chonqes the bios on 01, the 
collector current i s  varied likewise, and the collector cur- 
rent fluctuates in accordance with the modulation. The 
audio frequency variations ore bypassed ocross emitter r e  
sistor R 1 by capacitor C 1 so that only the lonq time temper* 
twe variations con produce a voltaqe chorqe ocross RL 
However, the flow of collector current throuqh L3 and R4 
produces a chanqe of collector voltoqe on the collector side 
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of the choke. A positive modulotior sivino causes o cc- 
crease of forword conduction and raisea ti-e instantaneous 
collector voltage. Likewise, o neqative audio excursion 
couses an increased forward bios and conduction, ond the 
collector wltoqe of Q l  reduces. Since only o small chonqe 
in base current couses a lorqe chanze in collector current. 
mplificotion of the detected sianal is obtclned in the 
collector circuit of G l  and cppeors os o larqer output volt- 
age ocross L3 cmd R 4  By resonotinq L3 wlth the strcy 
capocitonce in the circuit, the normal drop off in amplitude 
at hiqher frequencies i s  cornpensoted for ond the hiqh ire- 
quency ronqe i s  extended. Resistor R4 keeos L3 loaded 
down so thot the overoll frequency response of the detector 
i s  broadened. As the output voltoqe i s  developed ocross 
L3it  olso i s  applied throuch Ccc to the output. Mere the 
output witoge 1s sufficient the C3T moy be dnven directly. 
Where the wltoqe i s  not sufficient, on additional voltaqe 
mplificotion drivinq amplifier staqe is added to increase 
the overoll drive, as required. 

FAILURE ANALYSIS. 
No Output. An open input transformer, or! open base 

circuit, emitter circuit, or collector circuit, as well as a 
defective tronsistor or open coupling capacitor con couse 
a nwutput condition. Check the collectoi, base, and 
emittn bios with o hiqh resistonce voltmeter. Voltoqe ot 
the coilector indicates that L 3  and R4 are not open, while 
emitter voltage indicotes that R l  i s  not open or shorted. 
Likewise, h s e  bios indicotes that voltaqe divider R2 and 
3 3  is operotinq, ond thot secondary L2 of TI has con- 
tinuity. With these voltaoes obtained and no cutout. either 
windinq L i  oi T i  is open or shorted, or G c  is open. Check 
C and Ccc with an incircuit capacitance checker, and olso 
chsck the continuity of T I  primary L1 with an ohmmeter. 
If bose hlas is zero R3 i s  shorted, olso check C2 far c e  
paciv ,wth an in-cirmit copcoitcmce checker. if the emitter 
voltoge IS olso zero R1 is shorted by C1, however, the 
transistor ,will still lunction and produce an output which 
will vary with temperature. If there is no collector wltoqe, 
check the supply voltaqe to make certoln it i s  not at foult, 
c h ~ k  the volue of R4 with an ohmmeter and check L3 for 
continuity. 

L o r  0 ~ 1 ~ ~ 1 .  Hiqh base bias, low collector voltoae, or 
a defective tronsistor can couse a nc-output condition. If 
bias voltaqe divider resistor R3 chanaes to a hiqher value 
of resistonce, or if R2 becomes lower in volue, the net 
effect i s  to moke the totol hose bios hioher. check these 
resistors with on ohmmeter. If R4 becomes hiqher in r e  
sistance, the collector voltaqe -will also drop and reduce 
the output. Check P,4 with an ohmmeter. If o hiqh bias i s  
measured ocross emitter resistor R1, capocitor C l  i s  open, 
check C l  for volue with an in-circuit copacitmce checker. 
Do not neglect the possibility that the input tmk controlled 
by capacitor C may be detuned from the desired i-f input 
frequency. If not shorted., tuninq C will peak the response. 
If the response does not peak 3s C is tuned around the 
input frequency, check capocitor C for a short or open on a 
capacitance meter. 
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