
ELECTRONIC CIRCUITS N A V W I P S  

SECTION 14 

MODULATOR CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

b..!PL!TUDE MODULATION (AM). 
!:ldli!otion i s  h e  process by wh!ch o siqnol (01 signals) 

contoinin? intelligence (modulotmg signal) i s  impressed an 
some other s l p a l  (usually a rodio irequency, called the 
carrier). There are three basic methods for accomplishinq 
mdulatlon: 

a. Amplttuls Modulation. L1 this method the modu- 
iat~nq signal and carrier signal are combined in such o 
~ W U ! ~ , ~ ,  LS :; cz;:; :$.c z~n!i!.~de d !hi? r ~ % \ ~ l t a n t  waveform 
to vary in step with the changes in the m~lu ia t~ng  siqnai. 

b. Fr.qu.nsy ~ ~ d u i ~ t i o h  In ths netiod the output . . 
frequency is vaned in occordonce with tihe moduiotlnq 
si;nu1. 

c. Ph0.e Modulation. In this method the phase oi 
the output sionol is varied in accordance with the modulot- 
Ing sicpol. 
Onlv amplitude modulotlon will be discussed in this para . . 
graph. 

Usuaiiy, in amplitude modulation, the modulatior, vmies 
;: 32 oudlo rate becouse the lnteiiigenue to k tra~srA:ei 
consists of voice, music, or other audio irequencies; the 
slgnol which 1s modulated i s  a radio-frequency s~gnol of a 
constant amplitude and frequency, known a s  the 1-1 carrier. 
h s  will be seen later, once the modulotion is achieved, the 
;-I corriei I; n~ 1on;e: lecessmy ncd nwd not be trans- 
mitted, or may be transmitted at 3 reduced ompl~tude, for 
certnm specid app1icdt;ons. 

Mcdulotiori is normoily ochlevea hy varying the ,voltage 
applled to one of the elements of an electron tube, md the 
modulotor circuits are cioss>fied accordingly. For example, . . 
wiyinq the g:::. 2:os oi a tube to ibtaiil mo&!c::an is 
known a s  grid modulation, while vorylng the carhole vu:iuqe 
to obtain modulation (a simllor process) i s  called cathode 
mo?~!ctix. ?.Eod~lo!ors are further subdivided lnto two 
general classes - hiqb. level and low level. The hiqh-level 
modulator usucllv rmp!r;s c!s!e c~rcui! modulotion; it , . . ~  
:s-ai!y mntj,uImes the final (outpijt) staqe of 3 transmitter, 
ond it ssually requires on audio power ampl~iier (modulator) 
capsble of siipp!y~ng 50 wrcent additionai ywer over the 
parmci mnxi,:itil~t unmodiilat;d output of the !inn! tronsmitfer 
s m p i i i ~ e ;  s l q r  for l00 percen: -nodu!atloc. T"e low-irvrl 
nii,,it,!ots; usilc!lY -odzlates 3 stage precea~no t i e  iinol 
staqe of the trmsmitter. The exact mwo power r e q u ~ e ;  
!i-z~n!s ::DO" !hi.  to?^ nodlilnted. Yhen iow-levei mode 
k!13:: :c .  enr:!?,y~d !kr f l ip st1"es iollowln4 tae moadiarec 
rtoge must be operoted a s  linear wwer ,lmplliiers. 

Strlctiv spednlnq, ill*,-lev& mcd,:~';;:, is 3ei:nec ci 
, ~ j ? ~ ! z ' i c ~ :  y"d!~ce.c o+ n porn! in the svsten, where fne 
powei i e v ~ :  npproximates ihat i t  the output oi the system. 

' - - - '  ---'..'-.in- ;. .I~li"d "C mndl,iotlOn produced at L u v - , ~ " ~ .  ..."uu." ,.*.. .- ~ 

o pant in o system ~ i i e i e  the level i s  low 35 C O E ~ X C ?  wltl. 
the power level of the output of the system. Pel s  daes zs: 
::!e,zfi t in: b,inh-!cue! ~.occior?oc ??1sr O ! W U ~ S  be upp!iid :O 

rke !~;,>rr U[ i l , i  YY:;;: :ihi, 2: !II?! I cw-~~Y-~  r n d h i u ~ i u ~ ~  AS 

olwoys oppiied to the gria oi an i : lcer l&~u~c -iugi. 1;. :L:L: 
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Naw eauioment, modulation applied to the qrid circuit of . . .  ~ ~ 

the power ampliiier i s  referred to a s  lorlevel moduiotion. 
A comhination of plate and screen modulotion is referred to 
0s high-level modulotion. 

High-level madulation seems to predominate m the law- 
ond moderote-power fieids, smce it qlves sorcewhur better 
efiiciency and less distort~on ior the some powers. Powever, 
in the extremely high-power iieid or where brood-knd ::z;es 
are necessary (as in television), low-level modulation 
seems to he preierred. Tnwreticolly, wifn the same amom: 
oi sideband power, both modulation methods are equal. 

The origlnol concept of the modulated signal wos that 
oi a basic corrier frequency with an envelope which varied 
with the mndi~lat~on impressed upon it, os shown m the 

Modulation Envelop. 

accompanying figure. Thls concept i s  stiii vaiid, but i5 
nislmdinn masmuch a s  it appears that for the s~gnai  to Se 
ieproduced, tt,e carrier is required. Further malysis md 
lnvestiqotion hove proved thot when modulation i s  accom- 
plished, three slpo! frequencies are qenerated. One fre- 
q;rmcv ! s  higher in frequency thm die carrier by the fre- 
quency ui  iiii modii1a:;ng s:jcol: the seand  1s tne m~doie 
frequency, or carrier: the thud frequency is thot of the lower 
sideband, which i s  lower than the carrier by the frequency 
of the moduhted signal. The sidebands are produced by 
mixing the audio modulating frequency agolns: the carrler 
to produce the sum and difference frequencies. At the ume 
modulotionis accompilshed, and or ine nnic~ol dctei; .~n 2: 

demodulation, the corrier is required, but it can be either 
p3:tinlly or entiielv suppressed from theoutput u s  ionq Us 

g stmiior slgnul ;witi,salir2 ;:,zsi 3x2 ;~li-:;!y: rein;;::;.! 
at h e  receive:. ;i i.."j: ;l33 je ;13c:~t~'! :hit ~ r i l i  sl:!r- 

~ ~ EU"C 1s ,,,~cpefiieIl;, c:,: <u;.:uL,5 ::,:::>; YL.C - 7 -  -"-',- 
Iatlng irequencies as the other s~debmd,  beiaq d:s.iloced 

. . 
In irequency o m v e  u,,; L,=:"* ::,= -:::;2: 5;  ::,:z z->:-: 
Thus the carrier and one (elmet) sldebanu can oe i-,.irr --.- ,xu,u5, h.51~6 1s ~ i " , , ~  ,,, s in~ i l e s i ce t~nd  ace>x!sr. 

Sxce  <nr sidebard f!e;dcz;;es z c  !rans-it!& ilnrr? 
with the corner irequency, ~t IS eviaenr <nor rile iurui 
bandwidth occupied is twice that of the modulatmg i;e- 
guencv. 73ereiore. the modulated simai requires more . . 
space hcn the xnrnndcloted signal. Since freqilencies ;IC 

t; 3000 cps mcs! j e  reproduced lo: qood. ;n:e!li,~ible 
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sidebord operatiart on o cmparative basls, wlth only one 
stdeband transmitted, only 3 kc i s  required. To Srwdcost 
- ,  . . t~- ic  - and speech with reasonably good quolity, n 1&kc 
Sonowidth IS elulred w!,en usinq A M  double s~deband. 

As stateti ihnfoie for plate modulotlon, o 50% lncieose 
l n  powei a i w e  ti!? normal carrler power is required to 
cch~rje 1,32% mo5ulaticn. T'le lallo?ilng figure illustrates 
these condltlans. Thus each sideband conto;ns one-hall 
of the totol oudio power supplied (that is,  25 percent of the 
corriei power). For the composite slgnal, however, the 
ccirier contalns 66-2/3% of the total energy, with 33-1/3% 
of tile tstal enern represented in the two s~debands. That 
i s ,  opproximotely one-sixth of the total pawer is contained 
in e x t i  sideband (50 t 2W + 50, or o totol oi 3W dlvided 
on a 2-10-1 basis). 'To achieve this result, the rnoduiotai 
must drive the modulated amplifier plote voltaqe down to 
zero and then to twice the normal plote voltoge, os illus- 
trated piev~ously. Since the peak power varies os the 
square of the plate voltage, o peak power of four times 
norma! i s  produced at 10% modulation. For plote modula- 
tion a Class C biosed r-f amplifier is used because its 
output vanes linearly wlth ?late voltoge. To produce low- 
level modulotion a Class R line11 amplifier i s  employed, 
in which the output voiles as the square of the excltotlon 
valtnge. The Class B arnpllf~er i s  adjusted ior maximum 
output ond tl.en reduced to onequarter maximum output and 
drivpr to fcur times this power on peaks. Or, a s  is generally 
done w~th most ci the e f i i c ~ e n q  types of modulotion, the 
plot? currmt on the output stage i s  gdjusted (by chonqlng 
the output loud) for one-hall maximum plote cunent (the 
output vanes a s  the square of the plate current) ond the 
peak wwer o,itput i s  four times normal. In onv event. 
plate modulot~on i s  chorocterized by a steady d-c plate 
current indication, and low-level and efficiencv tvoes bv o . ,. . 
varying d-c plote current indication. In eachcase the 
results are s~milar a s  far 05 amplitude voriotions are con- 
cerned; however, the distortion and linearity vzry from type 
to type. 

The omaunt of modulation i s  expressed in percentoqe 
bnsrd upon the amplitude of the carrier. 'Nhen the ampll- 
tude of the madulated signal reaches twice the carrier 
amplitude on positive peaks ond reduces to zero on negotlve 
peaks, os ,linstroted above, the modulotlon is 100%. At 
any in-between volues the modulation i s  less than 100%. 
Since the power i n  the sidebonds varies a s  the square of 
the umplitude, 11 also varies os the square of the modulation 
percentage. Therefore, lor a 50% modulated signal the side- 
bond power is only onequorter of that ovailoble at 10004 
modulot~on. it 1s evident, then, that the percentoqe a1 
rnodulut~oi m~ist nlways be kept os  near 100% modulotion + poss~hle. 'hben the modulation exceeds loo%, the nego- 
tlve peaks Cross thr zero level and the sicpal 15 effectively 
&hopped off, creoting carrier shift, distortion, and severe 
odjaccnti.honrel lnterierence wlth other stations. For a 
sme-,wave signni the urnplltude varlotlons above and beiow 
the uveroq: are even. There ore other waveforms, however, 
wh!.:!? a:? not equally spgcei or symmetrical, such os 
sperr!r. Jertaln speech sounds contam lilrqe positive prok 
co3wn"nts cnd l f  the systea is properly polo:lzed, the 
nc?ctlve comonent 1s of smaller nmplltude. In thls specla1 
case it i s  o?ss!Slr to modulute more t!ran IW% an posltive 

ORIGINAL 

PERCENT OF MODULbTlON rn "AX ' X 100 
E M A X  + E M I N  

A 
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peaks without causing carrier shift. Therefore, the niterlon 
for loC% modulation i s  generally considered os being the 
omplitude at which the negntive peaks ore just driven to 
zero, regardless oi the positive peak omplitude. On the 
same ws!s, since speech i s  complex and not a slne wove, 
11 can ws i l y  be seen that setting the modulation ievei with 
a tone signal for 10% wil! result in o ioss of modulation. 
us  only occasional peaks wiii reach this vuiur. 2 1 u j  the 
general practice of advancing the gain control so that 
occasional positive peaks exceed that vaiue required for 
10W modulation produces more effective speech communi- 
cation lilth a slight amoilnt of distortion and external inter- 
ference. in the desqil  of ssdern  transmitters and speech 
equi;lmm! for voice commumcauon, peak clippers are used 
tn perm11 a ?reatel uveroqe level oi mo5uiation wltiout ex- 
ceeaing the ic$% i~cuji. Ti.; h~;ico:: 3 5  hi;-.-!?deit!y 
..--c-.cs, ..u,._..... ; an- ".., hawever, the mndiilation must be set so that 

the peaks never excee i  IN%.  
nzcni>se lh,e lnteliiaence whlch i s  impressed as ma.?"- 

iatlon on the carrler is of prlme impai;onct, t:le nloiluiatur 
(and output stage) must be linear: that i s ,  it must produce 
3 m:nlmi?m of distortion. Gistartion con be caused by incoi- 
rect ompliii;ie, exrionwus (spurmris) !;equezc:es :n;ected 
aurlng the modulotioa yrocess, p b s e  shtit 31 some irequen- 
cits exceeding that ot others, and other cond~tians. These 
i:r.ias will be Csc-ssed ns the circuits are onohzed. 

Since modulation invoives an increase oi  power in the 
modulated stage, it is important h a t  the electron tubes used 
to supply the output signal have sufficient reserve emission 
to permlt 1Wk modulation onpeaits; otherwise, the sign01 
w l i i  'be ciiput.4. A i s ~ ,  ;he :uks  ;must k c p i r ~ t i d  c: 
reduced iotings so they will handle the excess power " ~ s s l -  
;ate4 1,:riq: modulot~on without exceediny the w!ta@ and 
cuxen: :at;njs !or t i e  e!err.ents. Wit; gwd  design ine rubes 
wiii operate without showing any s:qn of plote heating, and 
under overoge coniitions tkey may show ]us[ a tccce of i i io r  -- --i..'"+'o? pa". 
"8, ,.,"..b.".. 

CHOKE (HEISING) MODULATOR 

APPLICATION. 
The choke (Heisma or ionstcmt current) mod:~!otor c;:- 

cuit i s  used !opmduce 10W6 high-level piute mdo la t iw  at 
the tronsmxter output stage. in tne eariy uuya ill ;uJiu ., 
was the most pouiar  modiiloto: clicult Decause of i t s  
s:mpli.:i!i! 2nd economy o! parts, plus good performance, 

C n n n ~ i i : E R i S i i C S .  
~ ~. ~- , . , ..."--" 2 s e s  3 s,r?;,e C,lLmE 1 8 ,  LIS8 ,,,,-u "..bL-uu"v.L- ~>~ 

merit to match the moauloror to the output stage. 
. , .  

I E r O I e S  at G IL;G;~CL \ d . . d d c  LC,=* .>.-~. ..,- ...- ~ 

","..t r".ll . 
i t  i s  not a s  efficient c s  the t!ansiormei-coupieu arcui?.  

CiRCUlT ANALYSIS. 
~ * n s r ~ i ,  '"L-.. L,,c,c ".b ..* . . T m  .,,.-- e .,-r<,?n< " i  -. ,?.. .~.l 1 ,,,,e ": 2,:- . , 

. . 
.z,2 1, twn nr *.,,,., nlli ,I"; t,i ,iisc"zzcd f,2::b.z! !i!>!! ::-, >=,?:~ 

. .L - "r ;"? --,,. ;", .; ,:,>,-,,ss>,>;, uu,c .,,L.L AU.,,. -.. . . .~ . 
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One version uses a topped c h o ~ e ,  wt,lch i s  uslcolly connected 
us an autotransiormei. Basically, ther., the top&-choke 
type i s  equivalent to the trmsformer-coupled type except 
for the transformer's isolation of the ;rrimary and secondary 
windings und the effects  inciderat01 :he:e!o. Clsi., it  i s  
procticaiiy 0s to build ~ 4 -  topped-choke c ~ r r u l t  

os the tronsformeicoupled circuit, so i ~ t t i e  i s  gwned k ~ y  
its use. 1- ::,c sccor.d .;ers?$r. the !rnncrnit:er plote v ~ ! i d g e  

diopplng reslstor is not us&, sir ; i i i r  10% mcd;!m:sr. 
cannot ti- obt-inei; :he:eiare, I! i s  zansid~red o l ess  jeslr- 
able nrcuil .  The remaining nrcuit  to be de sc r l~ sd  1s tile 
 bas^ Heising circjit, which i s  olso known a s  n "constant 
currenr" rn,&ulotor. This ioctei nijme is dtr:,ii-~ from !he 
use irf 2 c;mnon i b k e  1. <r,r ;uwrr s ~ ~ p p l y  l i i d ,  .v<!.:ch 
tends to keep u corrstarrt cuirezr il-.~;nq; thus w i l r r ~  ti:= . , ,  
~:?IEZ!:!!~- ? ! r r ~ l f  I P ~ ~ C ~ S  hecuubr u~ ! ! ~ u r ~ ~ u ~ ~ ~ ~ ,  ::L 
rnoduiatal current increases a like omoun:, ;1? :?ce vcrs .. 
.!, simpler and more eoslly :mderstwa onoioy  1s I,, L!,IUL 
tili[ t i .  ,= m eduL : I - .  u.L, uu . . .y-. . t .  ~".::.,- ,,- : ,, - - 1 ~ 7 !  , , .? !kc, !>ILT.~ :a;!- 
cge r 3 p l ~ d  iu tkae a~osrfi i t iej ,  J',J that 0:; pdic..c . r P.> 
they odd, mokhg the ins:;':ane;-os total :!ere v o l t q e  
equo! t.3 2Et: a? .neyotlv? !leaks they subtract ond drive t:.e 
.:c!tuge to zero. T?,ti; :!,e :nstcntmrons voiroje v.l:lrs 
from zero to two times maximum, and the curient does 11k.c- 
wise. Far this typeoi a r m i t  the moa~laror is rnr~.~.!). c 
Cioss A power a-plifier capable of si~pp:y~nt> 33-lil?% zf 
rhe toroi rrcnsrnit!ei cutput pwe: 153% of :c!PI cllrr?e' 
power, n e g l ~ t l n g  losses). 6 n c e  a Class A ampllfiei is 
normolly lineor, the instantaneous sign01 vorles equally for 
pasitlve and neqctI.de signzls (ossdming equal drive, equal 
,l,..u!:, z,:? r.o ?:~!-!in~): hos the overoqe plate cur;eilt . .-. , 
remuins steady (10; 1 ~ .  ii iess i:iu?~io!;;:;~ ;;;i <;I: r?: 
vary os indicot33 by a piatr mrtri. ?lie ~r~s;an:ai .e~.>s . , 
sinnats, nowsver, o:i c;rjsi;i3::q :;:y;..; :: ;cur .> !.: 1.1. 

!he n!odulot~on rmpressed. - 
i r e  i i e i s l n ~  circu?: has  nor Seen very yli!>ulur i r .  tn  

now bccjuse of i ts  !ack ci plote effrclency, and hecoube 
ndiioncfs ir ?is? art h w r  drvr lupc j  .jtl;ti iirzri ;::::::::: 
moduiotor a r cu i t s  iegu'rlnq nucil less a u i ; ~  pi*?,. ; . L A  

ever, the Heis:ng c i rcu~t  once oqain 1s qmniog In ppuiar:ty 
btcalisr of i ts  s ~ m p l l c i r ~ ,  aii: does s i x i  :r :: b.:i:; c!!-:!i! 
for stildylnrj ~ c c  cndtrstilding POSIC midt:!,xu, p i : n ~ ~ ~ : ~ s ,  
thus l r ~ c i n ;  tc a; ~mderstnnd!n!; oi ori,er iyl,rs i: ~ t ~ i < ~ , : ~ t i ~  

_ i l . . U l i > .  

Circuir Operatiorr A typical choke rno.!':!,:!u! Urcgi! is  
. - 

shown scr,e!lnricaliy in me ilguie ueiuw. ;u ;I::,?;.;.::. 
,. ,.- - -..,., h . 3 m a - . , * s - . - , . - . , , . . , , : . , . , , . .  -..- -.- . :I- :>-.,.. .,,... , i i .  , . . . . ;:,=~ \.,?, 3 s  :?* -,::!!t:i:!!c; ;:>,,, !.e ,,~,t~.:l;.,; ;,, <;,. : , "  ,,>- - , ,  ... 

- - - .  , .  " 2 ,  , , , , , ' , , "  , ' . ,  ,, - . ~ ~ 2  .. . . ~ ~ ... 
,-! .,.LA .'. . P, w d i s  p e r  arpltt:eri w ~ l c h  is !!xgeg;!?ie-~c'~$,~~c 

. . .  
~ ~ ~ ~ 

i (  5 , -  : ~ - ! .  ,.,.,> - - - , . . I -. , , , , , ,, , . _ _  
. . 

L. Jec ociiiui, i ,  .". " : .. . : . : ;. .: 
. l . l i _  . .  .., 
- 

,>.. , "Q r,,.,. t ,-! !,+> ]l!~,:LraI,:,~, :$ ;> c , , ,  ,~.,,, . .~~~ , L,;'.:L . , , . 
.,1 1s u c"rlvenu"ciul 1-; uiirr:li..;, ... :.. :..- . ~ ... . . :. 

. , 
U !  f , 3 :  t ! . . . .- ,, , 
0°C tr!e a-c po..ei suppi?, .i>i;', i;, ti!;; ;:;I-;.: 1s ;I ;-r:t?? 
!L,ruuji, ct,oke L1 ond droppinq resistor i i l .  *~ji;li: 7 )  ::. 

. , 
d c ~ ~ ~ ~ ~ t e ~  12 KeE; t!,e 2;;:lej ,!-. p!~!e ~.rC~::.?: ! ','? : 

,.,,I ,.. :LC< ii-- ..-. -. .-^ .,.".,, - ;  , . : . ,  .. 
~. ,,, .  , ,,,, ,,, .,:& ".",,, -. ,! ,.,.. ,- . , 
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AUDIO 
INPUT 

E U  + e p  

I R F  GRID 

Typical Choke (Hcirlng) Modulator Circuit 

Capacitor C1 is selected to offer minimum reactance at the 
lowest usable frequency so as to pass the lower oudio fre- 
quencies around R1 without attenuation. Since the higher 
frequencies are ofiered much less attenuation. C1 efiectlvely 
bypasses Rl completely for the oudio frequencies (assuming 
that the modulation is audio). The grid drive of V2 i s  con- 
sidered to be more than thot necessary to drive the t u k  to 
saturation, with a d-c bias voltage of twice the omount 
needed for cutoff operation. Therefore, V2 i s  operating as 
o Class C amplifier and is assumed to be linear. That is, 
the plate current and r-f tank current of V2 vary linearly 
with a chanqe in plate voltage. Thus, as the instantaneous 
plote voltoge of V2 is voried, the instantaneous plote cui- 
rent ond 1-1 tank current vary likewise. In this mode of 
Operation, V2 appears ns if it were a pure resistonce mn- 
nected between R1 and ground, and the value of this re- 

as- is. % = P 
1, 

T5r output of V2 is designed to produce the proper plote 
current ct full load for the plcte voltage set by F l ,  to 
produce the desired plate locd resistonce for modulator V1. 

Tube V1 is operated a s  a Class A oudio amplifier, with 
cathode bias supplied by R k  bypassed by Ck. In this case 
the method of supplying bias is irnmoteriol; it can be any of 
the methods applicable to a power ampiii~er. The modulator 
input to the grid of V1 is shown transformer-coupled, but 
con be by ony ;nethod thot will supply sufficient drive. 
Since the tube is operating Class A, no qrid current i s  
drawn, and only sufficient voltoge need be supplied to 
operote the tube over the linear portion of the tube grid- 
plate transfer characteristic. When the Input (modulation) 
signal goes positive, the plote current of V1 increases and 
produces o voltoqe drop across choke L1 in o negative 
direction; for a neqotive Input the plote current of Vl 
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decreases, reducing the drop across L1, so that effectively 
the voltage at the plate of V1 increases (goes positive). 
Since tube Vl normally operates at a quiescent value ot 
current and voltage (Class A biased), the result of an input 
signal is to instantaneously increase or decrease the plate 
voltage and current in accordance with the grid modulation. 
When the plate voltage of VI goes positive, the piarity i s  
such that it adds to the source voltage Ebb obtained from 
the power supply: when it goes negative, the source voltage 
i s  reduced. It can be seen then, that at the peak of the 
negotive modulotor swing, the maximum positive instontone 
ous plate voltage applied to V2 i s  the sum of the d c  power 
supply voltoge, set by Rl and the oudio component on the 
plate of V1 coupled thiouqh CI. If properly adjusted, the 
audio voltoge developed by Vl will just equal the d s  volt- 
age supplied V2, and the instantaneous plate voltoge s u p  
plied to V2 will be zero, while on the positive modulotor 
swing it .#ill be twice thot of the norm01 applied d s  plate 
voltage. Without resistor Rl  in the circuit, the plote volt- 
age of V1 would have to be driven to zerj to reduce the 
instontaneous plate voltage of V2 to zero. When reduced to 
zero no plote current would flow in Vl, the lute would no 
longer operote Class A ,  and distortion would be produced. 
Likewise, on the positive swing, the d s  voltage drop 
through L1 would be subtracted from the V2 plate voltaqe, 
and the instantaneous plate voltage would never reach the 
two-times-normal value. With R I  correctly adjusted, the 
d-c plate voltoge of V2 i s  olwoys less than that of VI, and 
the positive and negative swings ot VI are suff~cient to 
drive the plote voltoge of V2 from zero to two times normal. 
thus producing 100% modulation. I t  i s  evident that, since 
the output of V2 is varying linearly in accordance with the 
plate voltage swings produced by the modulating signal, 
V2 i s  amplitude-modulated. When the plate voltaqe of V2 
i s  increased, the plate current is increased olso. To 
increase the plote voltage of V2 instantanwusly, it is neces- 
sary for the plate current of V1 to be reduced durinq that 
instant. Choke L l  supplies the energy for this power change 
through 11s collapsing field a s  the plate current of V1 re- 
duces. Thus the power supply current dram remains s u b  
stantiolly constant, even thouqh the instantaneous va i -  
ntions of current and voltoge in this circuit ore from zero 
ts  twice the normal value; hence the derivation of the term 
con.t.xnt currant mod~lotion, os opphed to the overage d-c 
droin. 

The moduioted tube (r-f amplifier) must be operated at 
below maximum ratings of tube current and voltoge during 
modulation because of the possibility that the instantaneous 
voriotions of voltoqe and current will exceed the sole rat- 
injs dur~ng susta~ned peaks of modulation when the peak 
power 1s four times maximum. Conversely, the modulator 
tube (wh~ch supplies half the power taken by the r-f ampli- 
her) is at best only 30% efficient a s  compared with 70 to 
80% for the r-f amplifier, and i s  subject lo the same ranqe 
3f instontaneo~s voltaqes and currents (or peak power). 
Therefore, this type of modulotor usually uses o tube of 
equivalent or greater power rotinq than the r-f amplifier 
being modulated. L k e  the Class A ampl~fier, the modulator 
lust discussed produces the least amount of distortion; 
however, because of its low efficiency, it has become prac- 
tlcally obsalpte i n  fovnr "f other more ef!icient types. 

ORIGINAL 
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Vasuurn Tub. Consideretlons. While the precedina cir- 
cuit discussion was based upon triodes, this modulator may 
be used with other types of electron tubes if the proper elec- 
trode voltages and &rents ore applied. For screen-grid 
tubes of the tetrode, ow-, or pentode type, it is important 
that the modulation be upplied to the sueen qiid a; ,;;el! as 
to the plate. %s i s  usuolly accomplished by using a series 
voltoge-dropping resistor 11u11~ thi p!~:i 1D CCI~SE, fn: 
screen voltage supply, so that Wth elecirodes hove the 
same modulotion ~mpressed upon them. ?hs, cs !he screen 
controls rhe plate cirrent, it permits full swlnq on positive 
peaks and reduced swing on neqative peaks, effectively 
aiding the modulation process. The reduced swing on !he 
negative peaks prevents the plate voltoqe from falling below 
that of the screen and creating a virtuo: cathode. Since the 
zcriss siieer, resis:;; does r.c! :emit piote Nrrenl cucoii, 
bias is chosen on the basis of projected cutoff ior o fixed 
screen voltage under quiescect coditions. In addition. 
the power from the jr~odulator m a t  be sufficient to sl~pp!y 
the screen modulotlon power, or o b u t  iL% aadit~ar.ai. in 
circuits using a i l x d  screen voltage suppky, !DL% modu- 
lation is achieved by inserting a series choke of about 5 
henries between the screen and the scIeen supply The 
electrical inertla oi the choke produces an effect similar 
to the constant current action. When the plate current is 
Greatest and tends to increase be& the limits fixed by 
the screen voltoae. the plate robs the screen of electrons > .  . 
and decreases the screen current. '!$hereupon, the reduction 
of cunent through the choke produces on induced voltage 
because of the collapsing lines of force in the choke iield. 
-. 
I n i s  voiioqe is i r l  i;a diiiicti~n which c2n!iizec currPnt 
ilow (that i s ,  an increase In screen voltoqej, and <ne effect 
i s  similar to that caused bv the modulotion superimposed 
an the series screen connection. L~kewise, on the ilegutlve 
peoks of the modulotlng signal, the screen ciirrent tends to 
increase, because iess plate current is drown and the 
screen tends ra become the p l~ te .  The increased screen- 
current f!w :'s:3uy!: the screen choke produces uo 0ppGSlr.q 
voltage, which tends to decrease the scieen voitoqe and 
the total current permissible, and reduces plote swinq. 
Thus the raising and ioweriny of screen vo:tujs ri:h sodu- 
lauon is simulated by the choke, permittmg practically 
100% modulation. Without the choke the mdulation is 
limited to awut YG lo is%. 

FAILURE ANALYSIS. 
fi0 Output. LaL+ ..:- .......' 'i,,~,,,!,! +:;<: i- i^^i-.-A t" ". -.-_r..." . L.5 ..=I.".-" .I 

either tjlC ;r"fiszi!te: :-! z.z$~!le: 5r 1% ."m!:,i>!s! C,!C,2!L, 
.- . , ,  ="er> tnuuqt, ::,e ::,v;"!~::: ; z  :;e:7v:c, 3" "F.. &F<: ,x 
tank circuit, a shorted oi yossy electtor: :;k, or a !ock of 
p o  exc',,,t;"t, ,*, ;;,L ;,7, ;;;:;c: .!>:!: ;:,:b2:* , ,  ,,,-,--,Tr:l?: 

indication. C h e c ~ l n g  me i-t u118pLiiri p lxc  ;..a!rr n.!! i:.?: 
cote wirti!cf rile ;iiiii;! ;; ;;x:le!e 31:7 U , ~ : P , - P T  o li?snnort 

dip can b k  ~ b a i a e d ;  3!sc,  3 c ~ ~ c I I  on the qrid duve meter 
will determine whether excltotlon exisin. Luck i.: grid 
drive in&cates trouble in tile ironsmitier, 'while iucn of 
plate cwrent places the trouble in either fie udn>;:>iiii-i or 
the modulctor. Where the n~odulotoi plote meter ~ndlmtes 
b;t :he zcnsmtte: ioes not, tile srobobillty l s  m. 3-r --- dIullui,,g iedlst-;, open .lr i, ..! Wl'i ii?iiiiii:::: :..b*: Lhr ..- L ' -  --- k. .c. :...,: * ,  , : ,  , f  ! t,~:,-;c:tc,7c ,;c!!,ze!?r (!!A!" .."" u.---..-. ~~ 

off the high voltage and use o shorting bar before connect- 
ing the meter). If both the modulator and transmitter meters 
ore not indicotina, enher the power supply is defective or -. ~~ . 
modulotor choke L1 i s  open. With both meters indicating 
but with no modulotion. either a shorted modulation choke, o 
k d  modu!atcr tube, or'lack of modulator drive moy be sus- 
pected. High plote current ~ s u o l ! ~  indlcotes short-clrcu~ted 
cnmpolents or lock of bias, while law plate current ~ndicates 
excessive bias, hiyh-res~rt'lnce ioints, or poor tube emis- 
sion. Voltage checks on the qrid and plate elements will 
indicate cont~nulty a s  well a s  terminal voltages. No output 
yenerolly indicates lack of voltage, lack of continuity, or 
short-circuit conditions. A resistance check to qround will 
be helpful, but ;s normally unnecessary. 'With the voltaqes 
and currents usuully involved in high-pwer tronsrnltters 

Illdu:~:;;, b::c!:?.-.::?c ?:z .-s,~"11:, nhvIoils from externul 
symptoms such as arcing, chairing, ond burning; on iuw- 
power equlpmen! odiiriono: lest rqulpment mcy L3ve to k 
used. But remember. DANGEROUS voltages ore !nvoivec; 
take su[rty piecay:iin; Le!srp c?~I?~c!!?? li ?isronnecr- 
ing nny test equipment. 

Low Output. It must first be determined whether the 
low output i s  lack of oudio power 01 reduc:~on in percentuqe 
of modulotion. While low modulotion i s  normally due to 
lack of suffic~ent audio power, thls con occu' from a reduce? 
setting of the oudlo driver goin control, or from t:oub!e in 
the speech ampiiiler stages whlch drive tile i~~~?Yl;to:. '4: 
oscilloscope is very useful in determining the cause of 
malfunctioning since the waveform may be directly observed. 
For simple, quick tests of modulotion percentage, the 
trapezoidal puttern is useful. The waveform check, however, 
car, shoe b t k :  ;rccezfc;c o! -o?~iation nnd distortion, and 
is more useful. Too hiah a qrid bms will cause a reduction . . 
of output (wjti: the sJme  ?iive). A short-circ'~ite? c-u?!inq 
copcitor will ellminore the drapplng resistor for tile I-! 

amplifier, so  that the percentage modulation wl!l be reduced, 
and even wlth increased drive the 10% ievel will no! be 
reached. Ba:, s:zc: :he cup.ic?ioi is sLLn:c? by t5e dr.~pp!n: 
resistor, such trouble is rather intrequent. On rne orne~ 
hand, since the dropplng reslstor i s  constantly socrying :k,c 
cu;ier.: of ths r-! arnplLfi~.~. if w,!l most likely chilnqe i n  
value with aye. If it increnses :n voiue sufficientlv, ovei- 
modvlotion ni!Iocij;, c.:e- :hwqh !i!e itnge cnr 'w iocdrd 
'). crt?c?" m,!"i!nq ,rtci>ltstrnmts to the 3wiot:r.i va!de of 
current. '#bile the modulotor iocd will te correct, the 
reduced ~ o k a q e  .will ;z:t 12-s swi?:: !huq t k  some oudio 
s-tout will nvr.~dlivr t~ i id  cr l i ;~  ra;::e: ahif!, ns i.vd!cot~d 
ov a voivlne pi3te iu~eic: with ;37j!n::~?. ?!3te !%"innrrnni- 
, . .  ," * i 7 ? ,  ~ ~ , , ~ a ~ ; l ~ t ~ o ~ , ,  if ti.2 p'Nc: s.,;:??; 7e2!:lc!13r :s i?,SU<. 

rlcient m either irie 1iunsrrr';;e; a: ;hi j : i - 3 ~  :T i :;;.; 
1:. :he:? w:!! be some ~ . ~ ~ ? ! w l i f  n! the viate curier,! 
~~ ..~.. ...c,;;. ?.;c:-sdu!:!:o~ w!!! he ~ i i r o t ~ n  PV m o w  ::mr: ruirr.ol 
mooenen!. '&?)err the power s;pply regulatien 14 sntlsfaitor~. 
the normal meter lnolcurlon w~i: Lc ; Y ~ ~ o : L Z > ,  , 7::: 7 7  

xet:: zo.:eze?.! si!! i . - + * ' ~ f ~  ~v~rvm, l !or~ l ) r :  01 u 0j5iaiied 

condition. 
A :~~i~la .Yo: ,  c h ~ k e  thct 5s. mrt!nilY shorted turns rilay 

not be easy ro iocatr iron, enterno! oppea::. cce, b-r sil!  .. probobly show up os low power ourp~r. os weii us i<hsui;i- 
cis<!! ,z!>?, ,?,,, 7,:;" *:stcrt& ~36~~l~!!or!. 5:cti,r!o>:;", ?h.iS 

cc.~niri~~~. : W  :ui;ti,: :;!; ::; c:rzt:?Zt!?-_r ni  on^ &,inr 
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aft.er the other ports have been elim~nated by systematic 
anolys~s. 

Lock of filament emission in the r-f ompliiiei or m d u -  
lator tube will cause peak clipping and inab~hty to obtain 
100% undistorted modulation. 

Distort-d Outsut. Distortion i s  usuollv obvious when 
monitoring audio modulation. It may occur from a number 
of causes. For example, overmodulation will cause carrler 
shift, severe interference with other stations, and distortion. 
Changing of the modulator load impedance, by adjusting the 
r-I amplifier output lading for different currents thar normol, 
will change the modulotor load line; dependinq upon the 
magnitude of the change, this condition may be easily de- 
tected, or a special check may be iequired to determine the 
amount oi distortion. Any change of grid b ~ a s  will shift 
the operoting point and require o change of drive. With low 
bias the input will be clipped and distorted, and with high 
bios a larger input signal will be required; thus speech 
amplifier distortion will most likely be increased. Should 
the bias reach the Class B point, octuol plate current cutoff 
will cause distortion, while with Class AB operation there 
i s  the possibility that qrid current k i n g  drawn on peaks 
may cause some distartion. Thus the region of operation 
between Class A and Class 0 becomes somewhat of a prob 
lem. With proper drive ond with svmmetrical modulation. 
little or n0'di;tortion will occur; an the other hand, with 
improper drive and with larae unsvmmetricol or sustained ~. 
peaks of modulation, excessive distortion can result. 

Lock of sufficient plate voltooe will cause a reduction 
of plote swing, and thus cause distortion by plote clipping. 
Shorted modulotor turns can cause an insufficient inductive 
effect to produce the amount of modulation required, and 
therebv result in distortion. A chanae in the value of the 
coupling capacitor will result in different attenuation for 
different frequencies, so  that attenuation of these irequen. 
cies (usually the low frequencies) w ~ l l  cause another form 
of distortion. 

Lack of sufficient filament emission 113 the r-f amplifier 
(and modulator) tubes will cause peak clippino, produce 
distortion, ond moke it impossihie to obt& IOW modulation. 

TRANSFORMER-COUPLED PLATE MODULATOR. 

APPLlCATION. 
The tronsfarmer-coupled plate modulatm circuit i s  

used to produce high-level modulation of the tronsmitter 
r-f output stage. It is used for hoth low- ond high-power 
applications, particularly where it is desired to use a 
triode as a high-level modulator. 

CHARACTERISTICS. 
Uses a transformer to match the modulator stage to 

the tronsmitter output stage. 
Supplies on oudio (modulator) output equivolent to 

one-half the d-c input power of the r-f output stage. 
Operated class A for a minimum of distortion with 

low efficiency and low output, or class B for highest 
efficiency with some distortion. When operated between 
the two classes (Class AB or AB'), intermediate values 
of efficiency and distortion ore produced. 

WO.000. 102 MODULATION-AM 

Uses triode type electron tubes only (see Trans- 
former-Coupled Plate and Screen Modulator circuit for 
tetrodes). 

CIRCUIT ANALYSIS. 
General. Before reoding this discussion, read the 

introduction to this section coverinq Amplitude Modu- 
lotion (AM), poge 14-1, for bockqroind. A better un- 
derstonding of the variow voltaqe and current relotion- 
ships in class C amplifiers w i l l d s o  be obtained by 
reviewing RF Power Amplifier Circuits (Class B or C) 
!or hoth single-ended and push-pull oppllcations, in 
Section 6, Port A of this handbook. 

The high-level plate modulator uses the oudio out- 
put of a conventional s-f power ~mpl1fi.r (the modulator) 
to produce o moduloted i-f output signal in the plate 
circuit of the transmitter r-i ampliiier connected to the 
antenna. A typic01 high-level system i s  shown in the 
accompanying block diagram. The trmnsfarm.r-coupled 

CLASS C 
BUFFER OUTPUT 

IFINALI 
R-F STAGE 

AUDiO AUDIO AUDIO 
INPUT AMPLIFIER MODULATOR 

(POWER 4MPLI 

High-L8vd Modulation System 

plate ond rcresn modulator which i s  used with screen- 
grid tetrodes and pentodes employed a s  the final RF 
power amplifier i s  o variation of this type of modulotor 
circuit; it i s  discussed separately later in this section 
of the handbook. 

High-level modulation is defined os modulation p r e  
duced at a point in the system where the power level 
approximates that at the output oi the system. There- 
fwe ,  plate modulotion always involves considerable 
power output from the modulator. For 1OOpercent 
modulation, the plate modulator must produce an out- 
put equivalent to 50 percent of the d-c input power to 
the final r-f power amplifier. For an r-f power amplifier 
having on efficiency of 80 percent and an 1-1 carrier 
output power of 100 wotts, the total d-c input power 
would be 125 wotts. ?he power required from the. 
modulatn would be one holf of this, or 62.5 watts, and 
the resulting output to the antenna would be 100 wotts 
of carrier power and M watts of oudio (sideband) power. 
For high-power operation the circuit must incorporate 
design considerations to prevent corono loss, arcing 
and flashover, anddamage or destruction of ports. Dn 
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the other hand, for low-power opplications as in mobile 
operations, the audio power is relatively smoll (for 
exomple, 50 percent of 5 watts is only 2.5 watts) and 
may be handled by receiving type oudio amplifier output 
stages. Reqardless oi power output, however, the baslc 
principles of operation ore the same. 

??adulation involves frequencies other than audio, 
s ~ c h  ns video (television) or pulses (conrroi sysreiiis, 
or telemetry]; however, since modulators are conven- 
tionally associated with a,udio frequencies, other types 
of signals which may offect modulator circuit operollon 
are discussed only a s  required to bring out the manner 
in whlch they difier from audio use. Tne accoapanying 
cb.ort illustrates some typic01 ranges of frequencies 
i~-:e!%rz? Lnr .i7rroils farms of rnodulotinq sijr,ols. 

i 
S P E E C H  L 3 i ,I 

TELE-  r 

PHONE 
I 

c w  b 
1 

Frequency Ranges Required 

' I  he maxiraum p o e r  irair u puri;idgi :;iz;,z;!:z: 
with a given type of rlectrwj I U ~  spexntinq nt its marimom 
ratingsron be obtained when operating the transmitter 
in the A1 (CW) mode of emission. When uslng the A3 
(A?J) l a d e  of rmlssion, the power outout for plate modulo- 
tion is "bout 20 percent less than i l r  CYr' operotion. 
The reason for this is that dur~nq plate rwulation, or 
the pezk o! the modulation cycle (at 100% modulation), 
.L vte p," .~  I-.- ... ." ..",* I,",. i ;  .. d ,,,h!-i on6 the i n ~ t  ?owe: is 
ir:cieaie? ? y  : ioctor 3! !ovr. Yn n r d ~ r  (hilt ~; \, .:,Lx~;T:~; 

. . ,  , !hi. ::t!n:s ~ i ! !  znt he exceeoec, :re :uac .?i;; it 
, ,. operated n e l o , ~  it; r c r x 1  OperOl!r~:: i ; t ~ , i  ;i i CLC;; - 

zmr!!i!er. fkher foctors that affect the sewer output irom 
- . y'-+-.w-~~!/ltpc ... . Ctnw -;re tne imzlnq cr ;:ie ;;:lrnr~u 
!!k,e :rno;r: c! ontengo cou>lin;ii and the value at the 
!ma impedance ihai ti.r I !  ~x;I.iier prezectc !r> lit? 
-$?,~!?fmr Tho ?avr outout oiii,e mi.;l;:o: ;:;? !L.e 
2rnmnt oi ?istortior, it levelops l i e  directly degendent 
q:r: !be !!cc?c? ,,c!un ni "lnte current and voltoje a;.?Ilea 
to the r-! stuge. 

!k elate eif1c:ercy of tr!e liiq'i-leji!, x d ; ! z ! d  
;-f T!,7,72 2 Ca?st2?.1 2! E ~ ~ I I  7r8 perter,:, ,zci iws  r,ot - ' ,  , ! !?et?icr~. ~ h -  r- i  uuipu! 

, 1 _ ( L  (corrler) prwuce' by a .>~verr qjr u. i.lli ...... 
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no modulation is at o maximum value in the plate- 
modulated high-level transmitter (although not as lorge 
as con be produced for CW operotion). Low-level 
modulation, using the same type of electron tube, e:oduces 
o carrier output o! A;!! !his value. TLe reason !or t'lis i s  
ihoi d u i i n ~  1%-levc! rnodu!stion !he t u k  efiicienw 
varies with the percentilge of ~~Od~lat ion.  A: n~ rnod.;l3!!3-' 
:C; cificienc:. !s nppmr imnt~ l~  33 percent, and represents . .~ 
the condiiion oi yeatest t;k loadin: (mnrim~~m yh t r  
?,issiptior. kcouse n! low efficiency). At the pmk of 
modulation the highest efficiency (about 66 perce6:j 
i s  obtained. Although the plate voltaqe and current 
sre doubled to produce a fow-tlme power increust at 
tp,e peak of adulation (nhiih is necessary !or iii 

AI.i ~,odu!atars), the 10v:-!eve; mvi~~loior -3s; zhzic 
! h ! ~  lP."rease irsr:! ti:* ~,ul>>,,,;tte; c;:;:: x;;?, . 1- 
hnqh-lrvel mdui~ to r ,  the additional power ieq,fii~d tor 
a:sdclaticn is obtcined iron tne mrnboiutui. 

Since i: h!$-!eveI plnte modli!aticn the ncjui~tior,  
occurs in the iinci s iqr  ei :I:r i ~ ~ . : : : ~ ~ : t i i ,  :!.. : L 
driver siiljes con bc n:rrote? more e!f?clent!.i (the!, 
need not be lineor os in the low-level tronsaitter): thein- 
!ore, !hey can be o.per3ted without considerirzg distsr::~: 
to produce rnoximum r-f output. Hence, the r-f sectLon 
of the high-level platcmodulated P;nsmilter is :os! 
efticient !or r-f production; and its power sspply nerd 
oniy be large enough :c ssppiy the power required ro 
produce the r-f carrier. Xhen i d l y  modulated, the audis 
outout imodulntor) staoe of the hi~h-level modulotor . , 
supplies on addidonaf50 percentbi the power required 
.,. ,, -.-A,-O .,uu.w. +he rnnier The additional oower supplied 

. . 
by rhe mcxlbiotor represents the c;tp;: jzwe: i:: :he s!il 
Sands. which is equal to 50 oercent of the carrier (25 
percent in eacb, sidezan:;. T5ereiore. tilt. tot;! ~~tr::,: 
power output of the high-level platemodulated stoye i t  
full modulation is 1.5 times the lnmodulated (carrieri 

. ""her. 
Smce the low-ievei :~;od~iaiar ;;.us: be cpe:$:-? GI 

n carrier level which is onequarter of the xoxinurn 
power obtainable from the same type of electron tube 
In high-level opemiion, it is ;dj~s!cd to np?m!e I! 

sne-h-,!! t ie  maximum plate current. Thus it is c!ec: 
why, for a jiven type o! eieciron t u b ,  ihe hijh-!c:.c! 
nl&ulaie: a!.131 pr;l.j:tr ; ;:%!er yovr-r ntltnllt. T:. 
do this, the audio (nodulnior) stoge must also prodl;?? 
cmsideiable power (to snppiy 1t.e 50 pe;;ec: ;??i!ic?r' 
, , .,s:3r'mn?) weer ;t-?;;l:.: fcr 10c ;errp,,t lilh:u:iltl?,-: 
< ,  --. "i.h-nn.u-r tincs-it!ers S X C ~  i snher!;i :;.":i:"!:r I . u. . . . , . . - . -. 
, -  ".- - - A  .-..-' ...- " ..., ..; r,,-,r,ci; ,<is;.;:. :c aL;i~.:.~ .~ ~ . ,  

at the high voltaqes ,and c:irrents requireii. - - -..,-. ..!,t:i,n<i'-,, ;-! ,;. ..,L ""- .. .~ ~~ . " . 
. , ,  , 

tween nqn-on6 ioh-.e;t: ,r.~2~!;:.;. riti?!: :.il.! 
?ec,cr,? :!e;:e: 222 .*!!! -!!re !,ill,! ex"!"ir.?! 3 5  :re 
:;ri:.:s T~!L!z!~I -ir^':ifc ilv,-li!r.n these a:etrds u!- 

. . 
dlscusseo. 11 sbouid "e Lulrlc >;. r r . 2 ,  !.:;.::r:, ti:.' 
reqctdless of herher  0peia:;on :; ;t 2 h i ~ h  lcrs i  ,. 
n l o r  I.v.1, the equlvalsnt ro t lny*  or. rhs .om.. Fc; 
exmp!e. a l@O@wott IOFpercent mo4ulotec r rons~ i~re :  
:rl^l.lc?- the slme ;ut:lt h.?.e:i-e: a: ro! t'r ::35.1::!i,' 
I S  ~ ; c a T p ~ : s ~ : e ~  :,? L,>7?.!*.;e! s: !:,::-i ?.,=: ~:.e:+,;.4< 
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Clrcutt Opcratlon. A simplified dlograrn of the triode r-f output stage is shown in the accompanying 
basic transformer-coupled plate modulator i s  shonn figure. 
in the occompunying figure. The a-f modulatoi stage i s  

1 0  0- 
EbblMDOI Ebb lXMTRl E~~ A I 

Boris Transformer-Coupled Modulator 

represented a s  a block since it may be any one of a 
number of audio amplifier combinations a s  long as the 
proper audio power output is obtained. Likewise, the 
r-f output stage i s  also represented os a block since it 
may consist of any arrangement of tube(s) to produce the 
desired carrier output to the antenna. The I-f output stoge 
i s  always biased so that it operotes a s  a class C 
amplifier. Since class C operation requires a bias 
of two times the cutoff value, a separate bias supply 
i s  used to provide fixed bias. Since the r-f excitation 
to the I-f stage i s  relatively constant, grid leak bias 
(produced by grid drive) i s  also used, with the total 
bias being the combinotion of the fixed and grid-lwk 
(griddrive) bias. In case of failure of the grid drive, 
the fixed bias provides a protective bias to prevent 
the final-stage tube ratings from being exceeded. 

With no modulation opplied, the carrier r-f output i s  
developed by the application of the normal d s  plate 
voltage to the plate of the class C stoge, with sufficient 
r-f grid drive and ontenna loading to prodwe the desired 
r-f carrier. When modulation i s  opplied, the audio output 
of the modulator i s  applied through the secondary of T1 
in series with the d-c plate voltage, and adds to or 
subtracts from this voltage to produce on instantaneous 
plate voltage which increases the r-f output to 1.5 times 
the rated carrier power ot 100 percent modulation. To do 
this, the plate voltage of the r-f stage is varied from two 
times the normal plcte voltage at the positive audio 
peak down to zero on the negative peak, both varying 
in accordance with the modulating frequency. 

CImss A Modulator. The schematic diagram of o 
simple triode modulator which operotes to modulate a 

+ - 
Ebb 

( D R I V E R )  Ebb Ebb 
(MOO1 !XMTRl 

Triode Plate Modulator 

This single-tube triode modulator con & sperated 
class A. Al, m A2, depending upon the fidelity desired 
and the amount of distortion that can be permitted. Class 
A operation provides the best fidelity wlth the least 
amount of distortion, but uses a large power input to 
obtain a small power output (low efficiency). Conversely, 
class A2 operation uses the smallest input to obtain 
the largest power output (highest efficiency), with 
usable fidelity for the amount of distortion allowed. 
Class A1 operation is intermediate between these two 
levels. 

Although the modulator driver may he r s  coupled, 
if the modulator i s  operated class A2, grid current 
i s  drawn. Therefore to minimize grid-voltage drop 
and the development of a reverse bias which will 
seriously affect the operating point and produce ex- 
cessive distortion, it is necessary to provide a low- 
impedance grid circuit. Thus the illustration shows 
transformer coupling to the modulator. Through the use 
of a transformer with tops, the driver stage con be made 

ORIGINAL 
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to operote at the desired lmd point to produce maximum 
audio output with minimum distortion by selecting the 
taps that provide the required turnsratio for motching 
impedances (output to input). Thus the input and output 
imcedances of the tronsformer can be selected for 
suificient distortionless voltoge drive at oil times, 
includinq the time during which the modulator grid 
draws grid current (when rhe positive drive peak sohagc 
exceeds the modulator gild bias). Modulator blas i s  
produced bv cathode res is ta  31, which i s  bvwssed to . . 
prevent degeneration (see porngraph 2.2.1 in Section 2 
for an explanation of degeneration effects). Since cathode 
bias is used, current must flow throughout the cycle to 
produce the bios: therefore, this circuit i s  limited to 
class A operation (o class B modulator will be described 
iater). Since transfor;;,er cc-plinq i s  csed, i l  in the 

input and T2 in the output, the frequency response is 
somewhat limited (see Section 2, paragraph 2.4 for or. 
evplonatlon of tronsformer coupling response limi:ations). 
Because of a loss of low and high frequencies causing 
a non-uniform oudio response, ine modulation signal i s  
similarly affected. In practice, this condition i s  over- 
come by operating the modulator at less than the maximum 
output over the mid-range of frequencies, and by providing 
bass and high frequency boost to provide reasonably 
linear response over the oudio frequency range when 
necessary. Actually, for ord~nary speech-tronsmissicms 
the desired frequency response is usually easily obtained 
with transformers of good design, but for the higher audio 
frequencies and for video applications special design 
1s requred, inciudirig both high and !OK 500s: cc.m?l?...lsct!n: 
circuits. 

Since the output of the modulotor is developed a- 
cross transformer T2, the tronsformer must be provided 
with the proper Imd impedance to produce the desired 
output (both voltoge ond power) from V2. This is 
achleved by employing the transmitter output Vube (o 
closs C I-f staije) a; the l a d  ccmss the seconioiy of 
T2. The I-f staqe con be used os the audio load because 
rodiefrequency choke RFC presents o high r-f 
impedance to the r-f signal developed by tube L'3 and 
prevents it from feeding bock into, and being shorted 
out by, the power supply lilter capacitor. Thus T2 remains 
unaffected by the ri onc sees oniy u resistive ix ~21:. 
from the plote to the cathode of V3 and ground. This d s  
plth is the effective resistance placed onoss  tne 
secondary ol :'i (the iiiodj1~13: !3ai), 2nd ih 1:?101 t i  
h e  d s  plate volrge app!ied !s :'? 2ivl8eei by the 4-c 
v!gte c"~Tcr#t, 2 *;::::< 2 ..'" ::,. >:!z:i::.z?:: 

(F, = 5,';). 
S,nce tne :ronsiurmei has 1k.r ;r.>.c:er.: ::3:er!y zi 
transforming impedance in accordance wi t i ,  the Sqdare 
31 the t u r n s  rctm of prircaiy tc ;eccF.?my, with ? 718:!t1- 
tap& t~rmsformci it is possib!e to se l ea  !he proper 
turns ratla la make the d-c piote resistance oi \i3 pruirlLy 
match V2 for maximum output. (Tops ore not necessary 
if the proper ratio i s  used, but they do provide o convenieni 
and easy method !or load motching.) Final adjustment 
;f the !oa6 :i achieved, once the proper turns iotio is 
obtuir,rd, bf ss::;nq t>,c ̂..:p..: r'.L:'jii!,2 1,: :li ii- th: 

-"'- -..... ". "' ,ha .?id ,,:"ir <":tilrie. C*"&. l."." -. 
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Transmitter output omplifier V3 operates a s  a con- 
ventional shunt-fed r-f amplifier, with combination 
fixed and grid-fwk bias being supplied by R2, which 
i s  bypassed by C4. The plote voltage is applied in 
series with the secondmy of transformer T2, and C2 
i s  the conventionn! sh~qt-feed coupling and d-c blocking 
capacitor which connects tank L1. C3 to the plate of 
"3. !n cdditinn to the bios supplied by R2, fixed bias 
is upplied tkzoiigh RFCi to the g i d  of V? from n separate 
"C" supply. Thus the final bios applied to V 3  is the 
sum of the fixed and grid-leak bias voltages, with the 
fixed bias providinq protection in case of failure of the . . 
griddrive (r-f excitation). Tne r-f output of the transmitter 
driver slooe iscomcitivelv coupled to the qrid of V3 
by G. "Vlgen thegrid of ~3 is hiven above its bios 
ievei bv r b e r - [ 4  " '- '  .. '---+LA &..$&A. nmnl<$;,.r , 11U U l l V C  ll"ili "" ..-. ll..T....-.. 
plate current flows and develops an r-f voltage across the 
.aral!e! resonant tonk circuit consisting of i l  and 
C?, which is ~solated from the modulator by the RFC. 
An I-f ou:put i s  rhus prduced in :he induct;ve!y cospled 
ontenno circuit. 'When the modulator is operated at 
static values of plate current and voltage, the output 
i s  the 1-1 carrier signal, with no modulation applied. 

Assume that o sine-wove input is applied to Vl, the 
modulota driver stage. On the positive excursion of 
the input sign01 (with proper phasing of transformer 
connections) modulator t u k  V2 produces a positive 
output voltage at the secondary of T2. Since T2 is 
cmnected in series with the transmitter plate supplv. 
the plate voltage of transmitter output tu.be V 3  i s  effectively 
jncr~osed ond mode more positive, so that the output 
of V3 also increases. ?,US a positive modu!ction signal 
produces an increase of r-f voltage and output power in 
tine tiansmltter output stage. At the peak if t i e  sine- 
wave modulating signal (100% modulation), T2 supplies 
an instantaneous positive voltage equal to the d s  voltoge 
supplied by the transmitter power supply. These two 
voltages add, so  :b,at :he pi-te of \I3 operates nt twice 
normal voltage, a s  shown in the figure. 

The ?-c ~~~~~~d voitnqe is Eb, ond the instontoneous 
2!atr . ~ ~ . ; t h ~ : ~  ,:imp,-,n~i.: rs e?: ,,/.hen Z C ~ ~ C ,  !key 

;r:?5,2ce :he T"cxi">\>rn , , l > i " ~ i " G e G " s  ~?s!:z2e, c=, .;:!!lc> 
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vories throughout the cycle as shown by the hmvy line; 
this i s  the effective plate voltage, eb. When em equals 
ZEb, the instantaneous plote voltage is twice the 
normal d-c value, thus producing o plate clxrent which 
is also twice the normol value. As a result, the instan- 
taneous ioeokl oower outout i s  fourtimes the normol .. . .  
(carrier) value. As the sine-wave modulation signal 
decreases, it reaches the zero (no modulation) level m 
startlng value, and the r-f amplifier plate voltage consists 
of the d-c supplv voltase alone, which produces normal ~. 
carrier output, completing the positive half cycle a1 
mcdu!ation. In a similar manner, a s  the modulating 
sine wave goes through its negative alternation, it 
produces a neqative voltage in the secondary of trans- 
former T2. At the peak of the negative half-cycle, 
the voltage at the secondary of T2 exactly equals that of 
the d s  oower s u ~ d v  feedina V3, but it i s  of opcosite 

- .. 
zero. At this time the I-f output i s  zero.The I-f output 
rises to the nmmal corrier value a s  the negative half- 
cycle of the modulating sine wave gces positive, and re- 
turns to zero a t  no modulation. Thus, by varying the 
instantaneous picte voltage, the sine-wove modulating 
signal produces o similar and amplified sine wave of 
r-f voltoge of the plate of V3, which i s  coupled to the 
tank and thence to the antenna, where the modulation 
envelope i s  radiated. It i s  an amplified replica of the 
original sine-wave modulating siqnal. Thus, it can be 
seen that during moddotion by a sine wave, the instan- 
taneous 1-1 output power of the transmitter varies a s  
iollows: it i s  increased from its normal carrier value 
to four times normal, it is reduced to zero, and it is 
returned to the original mrrier level. Therefore, in 
a plate-modulated amplifier, during modulation the 
instantaneous power varies from zero to four times normol, 
and the instantaneous plote voltoge and current vary 
from zero to twice normal to produce 100 percent 
modulation, a s  shown in the accompanying illustration. 

L I N E A R  
CURRENT-VOLTAGE 

A M P S  RLLATlONSnlP 

MOD. 

9M),W.102 MODULATION-AM 

Actually, only the instantaneous values of current 
and voltoge change, and these vary at therote of the 
modulating signal. For o sine wove applied over a 
complete cycle, the positive and negotive variations 
are equal ond opposite; since the plate meter cannot 
follow the audio variations at the carrier frequency 
(and the average value i s  unchanged), the d-c plate 
current appears to remain steady at the normal input 
value without modulation. Therefore, a s  long a s  the 
positive and negative alternations average out to 
zero, the plate meter remains steady. In proctice, 
however, this i s  true only if there is perfect regula- 
tion of both modulator and 1-1 amplifier plote supplies. 
Since the plate current i s  instontaneously varying in 
both tubes and since the voltage reglilation is uswily 
not perfect, there i s  a slight amount 01 meter movement 
with modulotion. Cn the other hand, when the neqative 
alternation exceeds the normal carrier level, the plate 
current i s  cut off for thetime that the zero voltage 
line i s  exceeded, a s  shown in the foilowinq figure. 
Such interruption of the corrier appears a s  o noticeable 
jump in the plate meter indimtion eoch time the 
nogatlvo peak i s  exceeded. In actuol proctice, the 
r-f amplifier (transmitter) tube i s  not driven to zero 
plate voltage, because at zero plate voltage the 
current would become zero and the conier would be 
interrupted in the some manner a s  when the negative 
peak i s  exceeded. To prevent such undesirable action, 
the modulator is odjusted to swing the I-f amplifier 
plote voltoge between predetermined minimum and 
maximum values. Such adjustment prevents cutoff 
of the canier (provided these values are not exceeded). 
It  also prevents excessive interference, known us splatter, 

w - C L I P P E D  O F F  

Modulotioa Power R.lotionsbips 
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from being produced by the chopped-up carrier. When 
the carrier i s  interrupted, it acts a s  if it were a highly 
damped wove instead of a ccntinuous wove. This type 
of emission is o form of ICW (interrupted continuous wove), 
and i s  similar to that produced by spark tronsmitters and 
some types of noise generators. Instead of a single 
frequency, a number of harmonics ond spurious frequencies . . 
are produced in bursts each time the carria is interrupted. 
Thus the radiation i s  spread over o spectrur~ of a few 
hundred kilocycles about the carrier trequency, and 
causes Interference to other signals since the re- 
ceiver connot tune it out. The actual plate voltoge 

Plate Voltage and R-F Voltage R.loiionrhip 

relationships in the tronsmitter tube p!atc circuit ore 
shown in the figure above, together with the ac r id  
instantaneous plote cothode voltoge. Since the trans- 
mitter stnge is operating closs C, current flows for 
less than a holfiycle,  usually soii.erher~ k x e e n  :?C 
and 150 degrees. Therefore, the illustrotion shows 
operation on only one side of the zero line during the 
conducting period. The smooth envelope which varies 
above and below the zero level, as shown by the plo!e- 
cathode voltage, i s  the result of tank circuit actlon. 
Although pulses are supphed to the tann, since tne 
tank circuit charges and discharges sinusoidolly, any 
output taken from thetank, dire& or indirectly, will 
oiso be sinusaidoi. ':'nus, the uptier und :"we, wi- 

rions oi Lie plate voitoqe iEbr  r,) r!fc~l~ve:y uJd - , . 
uno s~bi iuct  front tile rank c~ i re i~ t .  ,he  resuit L k  

production of tne modulation envelope shown, since 
the rani provijes h e  impedance across wkiicil iiie t i  ih 

generated, and sees no zero level. in oddltion to 
. . 

supplying what might be consldpr& 0s tile missln;. .~.::r 
of the moduiation wnveforn;, the tuni i s  31.; the iieqaeni Y -  

selecting device, permitting only those frequencies within 
i ts pass bond to k. amplified. If the tank 1s too select~ve 
(has 3 high O), some of the sideband frequencies may 
be cut off ,  in which case ?istortion i s  ?rduced h o u s e  - 
o! the missin4 frewenc:es. ror rcd?o!elepnany the Q is 

.. ~~ . -  - "s"gi>". i G  ;> lG prr" .zr,r excessr se;ectr" .;?,,, ,- 
. .  . - - , .  " , ; " . " ' " " "  ,. . . *nr  - .  <-.....---.-.--,-.3..u.-.......-..-- 
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very wide bcnd tronsmssionS, as in television, it must 
be much lower. The highest s~detcnd frequencies to be 
transmitted determine the ollowoble 2 of thetonk circuit. 

The transmitter output amplifier is olways operoted 
class C to prduce linen1 modulation with nigh eifi- 
ciency. In class 'operation, the power output of an 
r-f amplifier vories a s  the square of the plate voltage 
,*L. ,:,,e I the plote cxrent varies dlrzct!y wi:h :he plote 
voltage. Therefore, a hijh-level plate modu1;tor con 
he used to vsry the effective plcte vcltoge in accotdonce 
with the modulating signal and produce an output which 
varies ex~ct ly  os the modulctinq signc!. The r-i 
orrpiifler -;sts us 3 irsistive i ~ d  on tile .voduiatoi 
becaose the plote tack 1s ?)me.? tn Ine some ireqoency 
u s  the i-i ?rloarivlnu signal. Smce tne ronk ocorors 
os o reslswvr iwd,  h e  piole voicoge or!" piore currrnr 
2:- :n phcre. Tnnre!ors, !he Cxren! flc,,: i~ !imi!ed 

, ,  , on? oy tne effective resistance in rhe giote circui:, 
.ci!c' -?- r,. :"ip'":"i- ̂., , . t i a  rl---!a ,.. c:mT,^ lrW 

:elationship of E/?. Airnough the r-i umplllier could be 
operated closs B and modulated with the plate modulator, 
seriotrs dlstoruan would he praiuced brco,ise the r- i  
;:cs; 8 amdiiier output varies as the sqdzre of the 
i-puf .. .v.-~..- ,,,,,t on- ;ct !iiiii!y iv;:t p!z:e voltaqe. For !,::I 
efficiency cn? x:r.imcm <is!x!ion, h e  CICIS 9 r-f st3:e 
. . , - , . la  k h"*.p. -"A, , ; - .m,  .,. -""!.,:-" .h" ".w.? -..*" ..Y1.U ~e Yc  ..-. ...YYLYL--l Yrrl,Yiy ..._ ... l.YL.III 

to its arid circult. In this cose it would be operoted 

class A) provided tnot two tubes are employed (one for 
each kioii o! the oudio cyciei. 

Cioss B Medulotor. Sicce closs 3 audio ornpiifieis 
?rnv!+ n nor. if!lorrt wd8~in tn i  nnii -re i n  ?opxulor 
use, .: schema!,; ;! .: ti;i~;l Z!CSS 3 ir!i'i;n pl-te 
n~~oduiatar 15 shown ~n the uccompunying ~:ilistiotian: 

Tk,e octuoi operatio;, of the class 'L moauiated stcge 
~ ~ 

!r sx-c!!~; 2s ],:s! descl!*d !ci !he class A mod~~intnr. 
-, , , ,e  iii:e,e,,ce Leiwee, ,  ii,e,,, is i,, L i h ~  ,,,u,-,,-2ei i, ,  W ~ I , L ~  

:Le u;?io i;,du!~:;sn is obtained. '!/he- the w ~ t p ~ t  sf 
preamplifier '41 is oppiled to Ti ,  the grids of VSA and 
V2B are simultaneously driven in opposite directions. 
Tnese tubes xe closs b zero-bias !shes, which ore 
norma!ly innpeintlve #itil@ut grid *lve !oilnough w!!n 
some tube tyiies z small plate current may flow). ?ihen 
tube A is driren oositive, the arid of tube B is driven 
further negntive. On the appos:!~ io!!-cycle: tube S 
i i  "rlverl j in i i : i v r  nnri 111" P I S  i r i ven  h+iw c:u!rt;/. - ' - ,?  " ,  .,>,. . ;  ... . , 
. ,,r.,.,, . .;,c.s p:riiced i n  :r.e pi;:es a; eacr 

LEE : .LW !::IOU:' t:;e p : ~ ? - r y  a) : i : m ; i , i t o r  i:..:ls1~;o:?i -- 
! L in opposite 2i:ectlons, and me added 1oqeti;er in 
;:le s i a n d a r ,  io ;,iouce ifis :6aplert a n ,  ~ i : i . : : . i~ t i  

:eplico a! the siLpoi appiied to tnr onmor" ci 2;lvrr . .. .-" -q.m.-o. , . , "" -,.,-... *. .-n -n"*" .-,,: ". . .. - - . r - .  .. -... ~ ..., ~. .- 
is G i i i e i l i j  i i i  Seiis:; W i i i i  time p~al i -  ; G i i ; j i  G; ;;.< 
r-f stoqe. V?. nn the positive alternation, the plot? 
of V3 is dr~uer, to thice the noraai piote voitaqt; 
cn the negctive i!!e:nat:m the eudd: octput voitqg~ 
?A G! 2;pasitc p i a i v j  2.7: ; e < X c ~  :he :ns?~2:sriec~s 

" -..." .,a,."",, *< ,,'> .- .: "".- , " , . "  ,-. -.." ,,,. 
".".L ."..",'< U~ .< ." ,>...,--. e-.,,. .,."*, ... b -... ".. 
u u c i u i c b  u, >rcrl"uai" d ~ > l i l b & .  I "i id l i i i i l t  i t i ~ i ; ~  
. -d . - " . " , - . .  ~ u....r.-.- -.-.; ... -. 
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Class B Audio Driven Plot. Modulato~ 

amplifiers, see Section 6, PUSH-PULL (Ciass A, 
AB, and B) AUDIO PURER.  

Capacitor C1, across the secondary of T2, is o 
simple high-pass filter, which attenuates any high 
frequencies produced on modulation peaks to prevent 
splatter. Copocitor C1 i s  not necessary for operation 
of the modulator, but it does minimize distortion 
products produced by overmodulotion on voice peaks. 

The plate of I-f stage V3  i s  shown with series 
plote feed, rather than shunt-feed a s  is used in the class 
A modulator previously discussed, to illustrate that there 
is no essential difference between the two. In either 
case,  the secondary of modulator transformer T2 i s  con- 
nected so  that the budio output is in series with the 
d z  plote voltage applied to V3, and the rf is isolated 
from the power supply and modulator by an rfc. To avoid 
loss of frequency response, C2 is limited to a size 
which will not byposs any of the audio modulation. 
Otherwise, the operotion i s  identical with the operation 
of the class A modulotor just discussed. In practice, 
the use of o class B modulator results in some problems 
with power supply regulation and audio distortion pro- 
ducts. These effects, however, ore all a part of the 
oudio power amplifier design, and do not change the 
modulation action previously described. 

0noll.d Anollsl.. In the high-level plate modulo- 
tor, the modulator cmsis ts  of an audio power amplifier 
whose output i s  applied to a class C r-f amplifier which 
operates a s  both a mixer and a frequency and power con- 

verter to superimpose the modulation signal on the r-f 
carrier. A simplified equivalent circuit i s  shown in 
the following figure. The audio modulator stoge is 

NOOULATION 
\. CeRRlER 

RFC 

Plah Modulator Equivalent Circuit 

represented a s  a sine wave generator coupled by T1 to 
the plote circuit of the r-f stoge. V l .  The modulator 
functions exactly as any class A, AB, or B oudio power 
amplifier capable of producing an audio output equal to 
onehalf the carrier power of the r-f stage, with the 
desired fidelity. The instantaneous a-c output of the 
modulator at the secondary of T 1  is represented by the 
instantaneous voltoge e,. Under conditions of no 
modulation, e, i s  zero and the power for the carrier i s  
supplied by thetransmitter power supply, represented 
by the voltage Ebb cmnected in series with em ond the 
plote of V1. Under modulation conditions, the addi- 
tionol power needed for 100 percent modulation is o b  
tained from the modulator stage, which at lo?-percent 
modulation must supply exactly one-half of the d-c 
input power to V1 ot zero modulation. The rfc isolates 
both modulator and power supply from the class C I-f 
stage, with C, acting as o bypass to ground for any rf 
which might leak through the rfc. For the circuit to 
operate properly, the tic must offer a very high impedance 
to the rf and little or no opposition to the audio modulation 
frequency, since it i s  desired to vary the plate voltage 
at the audio frequency. Although capacitor C I  must have 
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o low enouah reactance to bwoss the carrier frwuenci . . 
and a smoirange of sidebands around this frequency, 
it must not be low enouqh to b w s s  any of the audio output 
frorr the modulata. O t ~ e r u ~ s e ,  !?ere w l l l  be a 2rWresslve 
loss o! nlqi frequencies cnd cmsequert lack of f~de l~ ty  
with a predominantly bass response. Since the plate cur- 
rent of V1 flows through the secondary of TI,  the effects 
of core saturation produced by the flow of Ip must be 
taken into account by the use of a heavier core than 
would normally be required for an ordinary a-f power 
output transformer. 1n addition, the tiondormer windings 
must have the proper power handling capocity (proper 

~~ ~ 

wire size) so a s  to handle the maximum current token 
by V1. In this respect, the design of the outputtrans- 
inrmer of the nudin modulntor represents a slight 
difference from thot of o conventional audio amplifier. 
Since the modulator output must produce cmsiderable 
undistorted audio output power, it must be properly 
matched to the load. This is achieved by providing a 
transformer (preferably multi-tapped), which through the 
impedance transformotion produced by the difference in 
turns ratio between primary and secondary provides the 
desired load impedance for moximum output with mlnimum 
distortion. The modulator load is essentially resistive, 
being the quotient of the d c  plote voltage applied to V1 
and the loaded d c  plate cunent to which V1 i s  adjusted. 
In the equivalent schematic, ebb represents the instan- 
taneous opplied plate voltage, which i s  Ebb + e,. The 
voltage between plote and mthode is represented by eb = 
ebb - e r ,  where eL represents the voltage drop a n a s s  the 
r-f load offered by the tank circuit impedance. This 
lood i s  represented by resistor R, which is the effective 
d-c load presented to the modulator, and is equal to the 
applied d c  plate voltage, Ebb, divided by the d-c plate 
current, I,, neglecting the small d-c resistance in tank 
coil L. Since the tank circuit i s  resonant, X, eqwls X r ,  
and the tank appears solely as a resistive load to Vl. 
Because ine tank circuit i s  resonant to a single frequency 
(the carrier) which is much higher than the relatively low 
modulating-signal frequencies, no audio voltage i s  
developed across the tank. The instantaneous plate current 
i s  represented by ib, and the platetosathode resistance, 
which is equal to E,/I,, is transformed by T I  to the 
proper value to lmd the modulata for maximum undis- 
torted output. Although the instantaneous values of 
?!ate voltage and c~ment  change during modulation, 
t'ne overage volues remaln unchanged so tho1 tube V1 

could be replaced by a resista os ior a s  modulator lmding 
1s concerned. 

Consider now the qrid bios applied by E,,. This 
represents a fixed negatlve mas, but actually may be o 
combination of protective cothode bias, fixed bias from 
a sepra te  supply, and bias developed across a series 
resistor os o result of qrid current flow produced by the 
r-f driver. The driver signal (r-f grid excitation) is 
represented by o-c generator voltoge e,. which m the 
positive hoifsycle is polarized in opposition to the 
fixed bios, as shown in the plote modulator equivalent 
circuit above. The effective grid voltage is the instan- 
?aneous v(11ue from q r ~ d  to cmhde,  represen~e6 hy PC. - 
~ n e  d c  value oi grid curlrill is icpc.c~~ird Ic, ,in: 
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the instantaneous value, by i,. The grid rfc isolates the 
bias supply from the driving source and prevents shorting 
the input to ground, and C2 acts as o conventional r-f 
bypass shunting the bias supply. An illustration of o 
typical bias circuit i s  shown m the following figure. 

Typic01 Bias Circuit 

When used, the cathode bias produced by cathode r e  
sistor RK offers protection from excessive plate cur- 
rent when either the drive or fixed bias fails. The 
cothode resistor i s  conventionally bypassed by CK. 
'Jsuollv cothode bias is used only when the fixed bias ~ - , 
supply i s  not employed, since double protection i s  un- 
necessary. For high-voltage transmitter tubes, it i s  
also desirable to keep the cothode ot ground potential, 
so  cathode bias i s  used mly in low-power applications. 
The fixed bias is obtained from o sewrote bias supply 
ond i s  usually set for abet 1.5 times cutoff, with 
theremaining bias (that developed by the r-f drive) 
being developed acrossgrid leak R,. Placing 8, after 
the rfc helps attenuate any rf which may leak through 
the rfc, and C2 bypasses any r-f residue to ground. 
Note that i, flows in a direction which odds to the 
polarity of E,, so that the total effective bias value 
i s  fixed by the amount of qiid drive from the preceding 
r-f omplifier. Normally, tube V1 operotes in a lightly 
soturoted condition, that is,  where on increase of grid 
excitation will not increase the plote current very 
much, ii ot all, out an lnnmse  oi piate v ~ k a j e  #ill, 
0s explained below. 

-. 
1 ne occompanylng ilgure ~llustrotes now the output 

voltage varies with an increase of excitation before 
and ofter saturation is obtained. Since fixed b ~ u s  
i s  lised tne output is zero for volues of excitation lower 
than the cutoff-bios voltage with a corresponding high 
plate to cathode voltoqe. As the cutoff-bias voltage 
is exceeded plate current flows and the drop across 
the load, EL, becomes greater while the plate-twathode 
voltage is reduced. Wher. the drive reaches the vo1,ue at 
point i on the curve! the trite i s  just stmtiirq tii -. .-.- ,>:.L. ... .... :--, >. .-8, -,,* L 
a U L W Y L S  ,..y,i, >Y.".UL."I.,, ".I" I. ."l~L- ... -.-.. 
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I .  L I G H T  SAT. 
2 HEAVY SAT. 

EL 

co. 

R-F EXCITATION - 
Saturation Chorocterirticr 

drive to increase the cunent sufficiently to develop an 
appreciably greater output voltoqe. At this point the 
effective &te voltage reaches its minimum value 
(approximately), which i s  the applied volue less the 
drop across the lmd (Ebb - EL = Emsn). At this point 
the tube i s  operating most efficiently and produces an 
output voltage almost a s  great as the applied voltage. 
At point 2 heavy saturation i s  obtained, and it takes 
almost twice a s  much drive to obtain o slightly greater 
output. If the applied voltage, Ebb, i s  increased, a greater 
drive i s  required to reach saturation, and o greater output 
voltage results. 

It can be seen, then, that when the excitation i s  
adjusted for saturation a t  the peaks of modulation, during 
the resting or carrier condition the drive will be much more 
than i s  reauired. Thus it is evident that while the r-f 
drive voltage i s  essentially constant, it will tend to vary 
somewhat in accordance with modulation and lmding. 
Under resting conditions, the grid current i s  about the 
rated tube value. and oroduces the remainina bias needed 
(plus the fixed bias) 10 attain twice the plate current cutoff 
value. When an input i s  applied to the modulator grid, 
the output at the plate of the modulator adds to the plote 
voltage, and more plote current flows. At the same time, 
if the grid excitation i s  obtained from a source which 
i s  barely able to supply the required drive at modulation 
peaks, the effect of pwr regulation i s  obtained and the 
arid current tends to decrease ithe source cannot suoolv . . 
more excitation). At the peak ofthe modulation cycle, 
the r-f arid excitation i s  made lust sufficient to drive 
the tube to twice normal plate current (assuming perfect 
linearitvi. The tendencv of the arid current to decrease 
during modulation peak; lowers (he effective bias (since 
it is partially produced by grid drive) and permits o greater 
plate current to flow, producing the some effect as 
though the drive were increased at the peak of the cycle, 
Just when the most drive is needed to handle the increased 
plate mltage. Since the grid current i s  at o minimum a t  this 
time, it represents the lowest drive power during the operat- 
inq cycle and the qrid dissipation is also the lowest. Con- 
versely, as  the modulation decreases and reaches the trough 
of the signal, the effective mltage applied to the plate 
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(Em,, in the preceding fiqure) is the lowest, since the mod- 
ulation and d-c plote voltoge are conceling each other; and 
the drop across the lmd is at its lowest with on output 
voltage just greater than zero. For best efficiency, Em,, 
is made iust equal to e,; hence, the mid temmes more 
effective than the plate (since it is cioser to the mthode), 
and more electrons are attracted to the qrid, increasing i,. 
As i, increases, the grid dissipation becomes greater since 
the tube i s  also overdrive", having much more drive than i s  
needed to swing the small plote current ot the minimum plote 
voltoge. The result i s  excessive heating of the grid. 

By using grid-leak resistor R, (together with the 
fixed bias), the effect of poor regulation in the grid 
circuit i s  achieved. Thus the excessive grid dissipation 
coused by the low plate voltage ot the trough of modulation 
(discussed above) i s  reduced. The waveforms in the 
accompanying figure illustrate the use of the grid leak 
in providing poorer grid regulation and improved operation. 

Grid-Leak and Fixed Bios Relationships 

At the peak of the modulation, the reduction of grid current 
caused by poor regulction from the source produces less 
voltage drop in the grid leak, and the bias i s  reduced a s  
before (but t o o  larger extent). On the other hand, a s  
the modulation trough i s  reached, the increase of grid 
current (because of the increased drive, since the 
plate voltage is now low) produces greater grid bias, 
which is the same a s  reducing the drive, just at the time 
it i s  needed least. Thus, the addition of the grid 
leak helps reduce grid heating, and helps the plote 
reach its maximum and minimum swings so that full 
l0Gpercent modulation is achieved. Althouqh the 
circuit operates satisfactorily without theqid leak, 
use of the grid leak results in less distortion and 
cooler tube operation. 

Note that, while the instantaneous grid current and 
grid voltage change, their meter indications appear as 
an average steady d c  value since a sinusoidal 
symmetrical modulating signal is being applied. There- 
fore, a s  in the constant-current system, proper opera- 
tion i s  indicated by steady grid and plate current in- 
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dimtions (assuming perfect power supply regulation 
and neutralization of the r-f output stage). 

Assuming no modulation and a steady input to the 
plate of the r-f amplifier, with the proper lwd coupling 
a steady r-! cmrier i s  produced. As the modulating 
signal is applied, the power in the plate circuit and 
in the tonk of the r-f stage is inneased to a oeak value 
of four time; normal (outpdt pwer  ?!uries a s  the s q u c e  
of the plate voltage). Since the tank circuit cannot 
absorb all the odditionmi power (the iwd does not 
change), the addition01 power mostly appears a s  an 
innease in output (except fa the amount replacing the 
losses in the circuit and a small percentage wasted 
in extra plote dissipotion). Because the modulator 
fzzishe: this pc;;e: in::zazc, it i s  clza: the! !hc :-! 
power supply furnishes only the mrrier power, while 
the modulator provides the oudio or sideband power. 
Hence, the reason for requiring the large amount of 
piver needed fa p!ate modulation. i.!:hough a peak 
power of fo~l i  times norm1 exists, the average output 
over the entire cycle i s  only 1.5 times normal at full 
100 percent modulation. That is, for a 10Ckwatt radiated 
corrier modulated 100 percent by a continuous tone, 
the radiated power wouldbe 150 watts total. For this 
condition, 25 watts resides in wch of the two sidebands 
developed by the modulation. 

Other Conslderatlons. Becouse of the requirement 
that the 1-1 amplifier tube handle peak powers of four 
times normal, the tube is operoted 20 percent below the 
ratings for class C operation. Although the efficiency 
ioes not chonge during modulation, the plate dissipation 
is greater because more power is developed and applied. 
Therefore, the tube cannot be operated at maximum rating 
during periods of no modulotion. As a result, the normal 
corrier output is less than the maximum output possible 
using the some tube unmodulated. 

Since the tonk circuit must pass both the carrier 
frequency and the sideband frequencies, the tonk cir- 
cuit Q i s  important. The half-power bandwidth of the 
tuned tank must k sufficient to pass the corrier fre- 
quency plus the sidebonds which extend on each side 
to a freqaency equivalent to plus or minus the highest 
modulotion frequency. For example, if the modulation 
is 5 kc and the carrier i s  5 mc. the half-power points 
must cover a range of 4.595 to 5.005 mcj otherwise the 
sideknds xi!! be clipped. c~usL?q loss of the hiqher 
frequencies. 

While too great o drlve resu!ts in excessive q i d  
dissipation, the 1-1 grid excitation to the ciass I: staqe 
must be qreot enough to drive the tube ot twice normal 
plnte voltage. Giherwise, on the peaks ot modulation 
iack of sufficient drive will cause peak flattening with 
distortion. Tnere must also be sufficient reserve 
electron emission to supplv the peak power reaurements. 
or peak flattening will also occur. 

For efficient nwmtion, the mid siqnnl should 
never exceed the minimum plote voltage, or excessive 
qrld current will flow. Excessive grid current will 
cause ~ r l d  heatinq and a loss of efficiency. 
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No Oumut. Lack of ou t~u t  should first be isolated 
ta eithertie transmitter r-fhmplifier or the modula- 
tor staqe. Even thouqh the modulotor i s  operative, on 
open r f c  or tank circuit, a defective electron tute, 
or a lack of r-f grid excitation in the transmitter r-f 
amplifier will produce a nc-carrier indication, and thus 
no output. Checking the r-f omplifier plate meter for 
ctlrrent will reveal whether the circuit i s  complete, 
and whether o resmant dip m n  be obtained. A check 
on the drive meter l d c  mid current) indicatim will . . 
also determine whether r-f excitation i s  present. Lack 
of arid drive indicates trouble in the driver staqes or 
transmitter power supply, and lock of plate current 
indicates trouble in the transmitter or in the modulation 
t r m s f o r m ~ r .  If the plate meter indicates at 011, the 
trouble is prowbiy in the r-f stages; il no indication 
is observed, the maiulation transformer i s  open, the 
transmitter power supply isdefective, or the plate circuit 
in the tr?nsmitter is open. 

A nodutput condition i s  generally indicative oi 
lack of voltage, lack of continuity in  the circuit, or o 
short-circuited condition. A resistance check to grcund 
will be helpful, but is usually unnecessary. With the 
voltages and currents commonly involved in hiqh- 
powered transmitters and modulators, breakdowns ore 
dsually obvious from external symptoms, such a s  arcing, 
charrina. and burnina. On low-power equipment, additional 
test eqiipment may have to b u s e d .  ~ut~rememker, 
DANGEROUS VOLTAGES ore involved; k certain to 
take all safety precoutions before connening or dis- 
connecting any test equipment. 

A no-plat~urrent indimtion i s  usually indicative 
of an open circuit, or lack of continuity, which can 
be determined by a resistance check or a voltoge check. 
Voltoge checks on the grid and plate elements will 
indicate continuity a s  well a s  terminal voltages. A 
!ow-plate-current Indication usually indicates lack of 
sufflcienr r-i drive, high-resistarrce joints (pmrly 
soldered connections), low tube emission, or an 
excessivelv hiah mid bias. A hiah-plate current indica- . - .  . . 
tion usually indicates shat-cucuited components or 
insulation breakdown, or a lock of sufficient aridbias. 
In the last two cases; check for proper mid voltage 
before making any other checks. 

Lo- Output. It must first be determined whether the 
!ow au!put is due !n lock of oudio power or a reduction 
in tne percentage of modulation. Although iow moduia- 
tion is normaiiy due to iock of sufficient oudio power, 
1: can aiso oe caused oy o reduced settlng oi h e  
audio drive aain control or by trouble in the speech 
ompiitier stages wnich drlve ine mduiator. h oscii- 
loscope is very useful in determining the cause of mol- 
iiu?ctionin-j since 11 permits direct observation of the 
waveform. For a simple quick test of the modulation 
percentage, the trapezoidal pattern i s  helpful. The 
envelope waveform check, however, can show both per- 
centage of modulation ond waveform distortion, and is 
more useful in trouble analysis. Too high a grid bias 
(with the some drive) will muse ii reduction of out- 
:.!. Insuii!c~ent r-i &LVP nn !he peohs of rnrduio- 
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tion will olso cause flottening of the waveform peaks and 
prevent full lO&percent modulation. A similar effect 
i s  also obtained when the r-f omplifier plate voltage 
is t w  high far the amount of ~ u d i o  voltage supplied 
(indicating loss of modulator output), ond when the 
modulator output exceeds the r-f plate voltoge. In 
the latter cuse the negative peaks are clipped and 
carrier shift results, with accompanying distortion, 
reduced output, splattering, and o shifting plate 
current indication (this immediately pinpoints the . .  . 
trouble as overmodulation). Refer to the BASIC 
MEASUREMENTS section of NAVSHIPS 9CO.OCO.103. Test 
Methods ond Practices, for specific modulotion tests, 
oscilloscope connections, md  waveforms. 

Normally, with modulotion, if the power supply regu- 
lation i s  inadequote in either the transmitter or the 
primary a c  supply line, there will be a slight move- 
ment, or flicker, of the plate current meter during 
the process of modulation. Overmodulation will be 
indicated by a sharp noticeable movement each time 
the peak exceeds the maximum volue. If the power 
supply regulation i s  satisfactory, the normal meter 
indication will be rwksteody, and any meter move 
ment will indicate either overmodulation or the p r e  
sence of distortion products. 

A modulation transformer which has partially shorted 
turns or which i s  partially shorted to ground may not 
be easy to l m t e  from external appeoknces. If the 
short i s  to ground, there may be o noticeable arcing 
or an audible indimtion. If the short i s  between 
turns, however, it will probably result in an unusually 
low or distorted output. If the short circuit i s  se- 
vere, the output voltoqe will be t w  low to provide 100 
percent nodulallon o less severe short clrcult *!I! 
9roba2:y nclsnte itsel! 3y :ls:ort10(1 01' c r ~ s ' n o t ~ h e c  
type of presentation on the oscilloscope. Failure of 
the modulation transformer that is not visible by external 
symptoms i s  difficult to determine, and usually can be 
remedied only by replacement of the transformer with 
a good one after all other components have been 
checked and found sotisfoctory. 

Lack of sufficient election tute emission to develop 
the extreme peaks of modulation in the r-f omplifier 
can cause ~ w k  clippinq, more than usual distortion, 
and inobilily to obGn iGQ percent modulation. Such 
a condition is usuolly promessive and con be observed . .  . 
by noticing that the output indicator (r-f ammeter) 
fluctuations become less for modulating signals known 
to produce lorge indications. (At ICGppercent modula- 
tfan the output indication an an r-f ammeter will in- 
crease approximately 22 percent above the normal in- 
dication without modulation.) 

D~sterted Output. Any distortion in the output i s  
usually obvious when the audio modulotion is moni- 
tored. It may occur from a number of causes. For 
example, overmodulation will cause carrier shift, 
severe interference with other stations bemuse of 
spurious siqnals, and oudio distortion. Changing the 
modulator l a d  impedance, by adjusting the r-f ampli- 
fier loding (1-1 output) for a value of plate current which 
is different from the normal value, will change the 
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modulator lmd line; depending upon the magnitude 
of the change, this condition moy be easily detected, 
or a special check may be necessary to determine the 
amount of distortion. Any chonge of modulotor grid 
bias will s h f t  the operating point ond require o 
corresponding chonge in the r-f drive. With low bias 
(for a given drive voltage) the input will be clipped and 
distorted, ond with high bias a larger input signal 
(drive) will be required; thus speech amplifier distortion 
will most likely be increased. If the oudio gain control 
is advanced too for in the speech omplifier, the 
modulator con be overdriven, regardless of whether it 
operates class A, AB, or B. This can cause peak distortion 
in both the modulator and the r-f omplifier. With proper 
drive and symmetrical modulation, little or no distortion 
will occur. On the other hand, with improper drive and . . 
with large unsymmetrical or sustained peaks of modula- 
tion, excessive distortion can result. Use of a modulotion 
indicator to indicate the percentage of modulotion i s  
a help in determining whether distortion i s  caused by 
overmodulation. Only a waveform check can positively 
determine whether distortion i s  present. An oscillo 
scope arranged to check waveforms at key points i s  
most helpful in isolating trouble. 

Lock of sufficient plate voltage in either the modu- 
lator or the r-f amplifier can cause o reduction in 
plote-voltage swing with a consequent loss of the peaks 
in the output. In the modulator, this is evidenced by 
a rounding off of the peaks and on inability to reach 
1Wpercent modulation with a further increase in the 
audio drive. In the r-f amplifier, it i s  shown by peak 
clipping caused by overdrive from the modulator. In 
either case, distortion components can be heard in 
o monitor, as well os seen on the oscilloscope. 

Operating at a higher than rated load can also 
cause core saturation effects in the modulation trans- 
famer ond thus produce a flattening off of the peaks. 
Such o condition will return to normal when the load i s  
readjusted for the proper current. Poor frequency 
response in the transformer can olso cause distortion 
by loss of low or high frequencies, but this i s  on 
inherent design problem and will not occur unless the 
modulation transformer i s  defective or i s  replaced with 
on inferior plrt. Pwr connections or internal d-c 
leakoge wiil most likely be shown by the presence of 
noise components in the modulation. Use of o harmonic 
onalyzer will usuolly indicate the source of the 
distortion. 

Lack of sufficient filament (cathode) emission in 
the r-f amplifier and modulator tubescan cause dis- 
tortion due to peak clipping ond make it impassible 
to obtain 100-percent modulation. 

TRANSFORMER-COUPLED, CONTROL GRID 
MODULATOR. 

APPLICATION. 
The control grid modulator i s  employed as a low-level 

modulator in applications where it is desired to use a . . 
minimum of audio (modulator) power. It is widely used 
in portable and mobile equipment; to red.?-;e s i x  md 
power consumption. It i s  olso used in extremely high- 
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coil L i s  180 degrees out of phose with the nejtrollz!nq 
end, o signal of the prope: phase con be fed b c k  to the 
?rid (through C,) lo prevent se l f~sc i l lo t ions .  . F C 2  
and C2 form o convention01 series plate-feed decoupling 
arrangement (shunt plote feed may olso be employel, if 
desired). The r-f drive voltoge, the mcdulotion voltage, 
and the fixed bias are selected so that, on the positive 
peaks of :he mcdulotion signal, the tube operates a s  o 
lightly sotwoted c lass  C ampli!ier. As shown in the 
following waveforms, the fixed bias i s  slightly greater 
than 1.5 tunes the cutoff voltage for the tube, and :ne 
modulotion signol (Em) vones the effective bias c;3ut 
E,,, with the positive pecks of E, appruxi:!,atlnq cutof!. 
With the effecti,e bios varying in tkis manner, the 
r-f drive voltoqe (Ert) is of such an 3molitude that: 11) 
on the positive swing of Em, the r-f sign01 h ive s  the 
qrid positive, orid current flows, and the plote draws 
current for app;oximately 120 to 150 degees  of the r-f 

G R I D  V O L T I G E  

PLATE C A T H O D E  VOLTAGE 

Grid nnd Plats Waveforms 

cycle; (2) cn the negative swlnq of the modulation cycle, 
the r-f signol drives the grid just barely obove cutoff, 
and plate current flows for just a few degrees of the 
r-f cycle; (3) with no mcdulotion present, the plate 
current and voltage ore approximotely holf their maxinun 
values, and the output carrier prodoced i s  ane-fuuth the 
power of the same tube operating a s  an ordinary c lass  
C amplifier. The most positive swing of the inston- 
taneous grid voltage is E,.., and is equol to -E,, t 

E, + E,t. Em,. i s  the minimum instantaneous plate 
voltage, and must never be less  than the instantoneous 
grid voltoge. E,.. . Thot is, the qrid must never qo 
more positive than the plate. (This is explained 
fully in Section 6 under Class C Amplifiers.) Since 
the plate current consists of pulses of current, it may 
oppeor thot the plate-to-ccthode volt3qe .iioula be in 
the shape of pulses extending downward from Eb. 
However, the other hali oi the sine wave i s  supplied 
by the flywheel effect  of the tuned tank circuit, and 
the output i s  a s  shown in the dmgram. The pulses of 
plote current in e f fec t  reinforce the osciliotlons of the 
tank circuit, and thereby make up for any losses in the 
tonk. 
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To accorrpiish moculatlon, the vorymg  rid bias 
drlves the plate current from zero to twice normal, 
and the plate 'voltcge iron opproxlmately half the applied 
d-c potentiol to the full value. This i s  the some a s  
lriving the plate voltage icnd current) to two tames 
normal, a s  in the ?lute modulator. 

Grid Sios moduiat~on uses the linear voriotion of 
plote tonk current with b:os v o l t q e  variations to 
produce the modulated envelope, os  shown in the 
following il1ust:ation. The grid voltage versus plate 
current transfer cwve i s  essentially lineor over the 
operoting portion, but drops off  nonlinwrly ot the 
beginning nnd end. Tne operoting bias 1s selected 
s o  thot the restin7 ,vai:ie (LC,) i s  '31 the ;enter of the 
lineor portion of the curve. 

Ylith no modulation (time 1, to t i ) ,  the bias i s  E,,, 
the r-f s imol  d r~ves  the arid obove cutoff. with the 
positive peaks just below O volts. Plate current flows 
for the portion of the r-f cycle that i s  obove cutoff, 
with on amplitgde .~p?roximotely ho!i that for the 
mcdulotion peaks. ' h e  plate voltage i s  one-half the 

I : & !  

C U T O F F  V O L T A G E  

Grid Voltage Versus Plate Current R.lationrhipr 

opplied voltoge, and the power output i s  one-fourth the 
moxirnu: power av~i loble .  As t i e  modulction signal 
swings in the positive direction ( t ine t i  to t i ) ,  the 
grid bios i s  now -E,, t Em, the r-f signal now drives 
the grid posltlve, and $rid current beg~ns  to flow. 
Yecause of tt,e reduced bios, ti2e ?late current inneases  
ond the instontoceous plate voltaqe IS reduced. At the 
most positive peak of the .iodulution signal (time t2), 
i, i s  maximum and e, is mimnum, Ern,, in t i e  diaarom 
(previously s5rcm). .At t i r r w  ! 2 ,  tne o p ~ n t ~ o n  i s  much 
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the some os tor n n  ordincr,f class C oi;pl!iler (with 
jut1 r-t drive and fixed ~ i ?  bias). P.! ti-e 1,. tb,e 
grld bias 15 once again LC,. A s  the mcduict~an cycle 
continues in the ne?iit;ie ;i;es;s:., tk,e hias jecozes 
.tdrc .i,,'..- ---- i -'--.-A,."-- * ',"I", -. 

L.. l>  L2  L . . C " > C ,  ,.-0 .,4",,a .hL ..".- ... 
:ent to its mlnimul ;:lie, :n< :?e p:cte voita?e In- 
i;eZS;; :;;:;-:?. t k , ~  3 j ~ ! : ? +  ' i ~ ! 5 3 ~ .  4.f t i ~ ~  !$, !be 
ncgotive peak or c i , r  i!.ix;i;iilv,, i. : ;e ,  1:s ;-: 5;ve 
.vzltoge 1s ;xi1 :L!e tc :I:?,; tt.2 :!:ze x! ?f :,~toff 
(ossuming siightly less than IU3 percent -adulation), 
ond piote current flows tc; just 3 few? 3eqees c! !he 
r-i cycle. At this tinle i, is zinimm snd e ,  :s clrost 
erim: tc r;e -ppii& .~,lit~,,~r. l:~,e p*ej ,?:j!a:>: ,<s:;*s 
Perweer1 '; llmes i;e :;~ii,~i;;;~?; 2;:r:er ,:2 !he ;csitivr 
mn,+;,!7?:,-- >,cK.- ?>:j Ze!: L,,J,.?,*: s:J ;:,e :;CCG'~,> 

resulting in or. 3versge cower 3! 1.5 t i ~ e s  f ie  un- - r e ,  , I'.'L,e.c?nt rrw.:.:.3t,nn 1s 

-..,.," -..-I..&. 
,; L. ;,.;;, - .,.- . . . ., ; ,.,.  . . 

~ ~ . . . , .  , ,~ 

[,on is oseiol f  I! :k,o: s:;s!:e? ?urn: tLe ?enks o' 
rnohlat!on. However, the power output durinq thls 
time is o r l i  one-to-rtt 1: i"! sn>pi;*-: 5'uinl rhe 
peaks of modulation. Thus, t ie efficie~cy ourinn 119- 

modulotea times is only no;! of t'not ior iiiO perce;: 
. . T , ~ ; ~ c ~ l c n .  7y;.col vGi,l.. r i  ~iii;~~r;s. 3: ner- 

cent !or no rndu:otij;, .:n5 22 ~r:ce-! !a: il"L??r2eo! 

modulation. 
I h e  lineaiitv o! tb.e ostput depends on the linmrity 

of the i, - e, ~Lz:~c!e:istir x r v e  !r the precedinq 
ISCGSS;,'; L: ::r 35-;2ei !$I! t he  razrvp wns Iinmr 
iron the noximun viilue ai 37,; bizs :-LC -Xmj .  !!;*l- 

ever, the ;ursve -es nctua!iy nonlinear li. the realor. .. , 
necr C!,IOll , o m  .-A$", >::A-,;l::r. ; t:, .I ,  --ze :;:,.vr- 

tion occurs OP the r ~ j o t i v e  swKs ai  112 xod i l l~ t io~~  
cycle. 2;s:o;:ix ~C-.JIS en !he ys i t ive  wok$ 

the mdu!atior. c)c!z. Tlir  is ::up because ai .!on- 
. . . . 

i n ~ n r l t v  OT ynP ,-::ii.e 0: S ; ! ~ L ~ ; ~ . ~ F , ,  ji: :ii tni 131~ . . . . . - . . 
low,? reoson. Ehen the qrid 1s driven positive, ,g1d 

.curre;.! is ?:a:un, which nloces 0 load On lb,e modu!~tor, 
. . 

i h e  r-I s;~;.;~, ail< i : . ~  h i s  5:;p!L. E!r Icy? is in! 
p1eser.t ?.u::n; t te  rexo!nler of ihe n l o J d ~ t i ~  iyc!e. 

, , , 
Secouse c: !?is vary!?? ! n o ,  q l w ~  t r j ~ i l a t ~ o i  1s re- 
4d,,w; ;", i; ,e,,e ::;:::.;. !,:;v?:*-."".'?o- nv.-.,,,P," 

may be realized :j. ?ecres::ng !he rcdu~ot!?r, vr:toge. 
However, !!,s :ecie:sej ;;,e ;;t.~;t;.:;;; .! :,;,~L:!;T, 

..,,,.I, : . I  , .. - ,  . . i , ,- , . ~  . 
- 

. . 
, . . , ---- .,.- ..* .* ,.:. !!i,:.?: 1,: r7.e :,:,,7;.::... ..2L2.t, . . . ~ ~ 

. . ,.; l.. _ .. . .. . . . .. . . , , , -  , ,, ?. ... .~ , . , . ~ "  ... . 
shun:c:' :?; IC::S:?T ?;CS. 12 :, P ! 3 l r  :-c 

_,_: j., . . . - . . - A  --" .-.,-.,. l i t ,  .. .",b.d .. .- . , . . , . ,  .., 
, F S , , ~ C I !  L3 :li.- ,; - - .  .,,. ". ~, I . . .  .. . , . . - .. - 

. ~ . .. . . , , <.. - " . A  . ,.. . .,':,"t,iT 
-i i~~iir^, i i  ,>Fa- 2 "  ,-I? 1IICLC 1.,1:1111 t . o e  . , . . . . . -. . . . - - . 

. . 
to Keep im,j "ar'"; >,,,,* 2 ,,.;:.,::.::. :: = :.::.:- -~ 

~. 
'".>,,0,,b c o ~ ~ ~ , ~ : ~ ~ ~ :  C! ; ;2s  5 2 ; ; : : : :  ::* . -5.. 

. I  ~~. ,>.-. -,....- -,,". \;om re,2uiot:an 1s ac?,ie.,'! ,,f d;L ~, . . L < .  ,.? 

-Iv r,7roile ni si;:!s!;:r? !w? 3r !Dre- r:;.cs :;:e i r  . . 
, : , ~ , r e 2  2 ,::< :'-.: !~: ,. . - . A < - ,  . ..,~?'. .p,,va. !- .. 7b.e . 

, . ~~ . , , , , ," -.... >. ,-,-,zs:z7: :z:y2z;!::,2! , ' ~ , e  Tr.!,;!,:::-,:. z.:::, z 
. . 

,- , ,y<e7;f :: ::?<:.? ?! 5 F l ? : r , : ,  , : , I  ,. ,., .',< z! : 
c.?thode resistor. :?,e ;:::,a?e ;.:!r!cr cu:, . 'e .. . ' '  aY- 
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possed !or the moduiotinq irequencles as well as h r  
the r-! irequencles. 

G00: iegu13:;on in the r-f drr;er s t c ~  is usually 
scc~p! iched  by desilninc the dr~ver stage to k oble 
to supp!y *ore power thon 1s acrui iy  required. 

-, . ~e lot01 resu!t is lh4.  %cause 9! these inter- 
n r , ) n <  rw;iiiremrnis, the !dl !heure?!czi adran!o,:es 
a! q i - ?  big5 moduia~i~n ore not obtoine? practicaliy, 
and the hasic distortion is aiways grmte: than that 
obtolned with plate modulation. Altho~gh extra r-t 
and audio drive oower is needed to minimize distor- 
rion, the small amoilnt o! aodu!otor power needed for 
:;!I xodslat!nn m k e s  !t i.conomico1 to use grid n d u -  
: , , t lc5 . ~ & L i r e  tke i-crease3 distwtlon mn ce toieroted. 

F A I L U R E  ANALYbIb. 
no obrDu,. L,;k 2: 2::;-t sk?s!?!f!.ct he ! ~ ~ l ~ t e d  

to io~iure of the r-1 nrnpii:ler sliqe 3: :::e zcdu~utifi '~ 
---' "!,-' ?,-;.- .ir,,l"t". -*.,L!Tt@r , C  " I P i O .  > -i,,.,i .i,- . . . 

!ive an oeeo rfc or tann clrcult. 2 snartrd or de 
irctive elertron tube, or o lock of nrid excitation to 
t h e  I-: amsii!ie; wiil p:duce a n ~ o n i e r  condition. 
Checn !he 1-1 piote cwrent meter !or 31: iddirtlor, to 
jete;zine ne the r  the plote circuit has con!inSiy, ,on4 
check the ur~14i iue  reter !or 03 indication !o determine 
w$ether grid exciiuiiul, i s  2;ese;:. '$!I% ocf?. !?6im- 
tions normal, ond with the tank tunable for a minimum 
dip of plate current, o lack o! coupling or continuity 
in the output circuit of the r-! amplifier is indicated. 

1-or:k o! grid drive places the trouble in the esclter 
- + - - e .  -' **a +rnn-mt t - r  nr the input circuit to t:le ..i., ., . ,. ~~~.~ 
: ~ f  output stole,  wierpos lock of olote current i n 5  

, ,;:; : ;.,?r 7:1C.1.. frP,?il- nr nn nnpn circuit 
LC t ie r-: s t ice.  

:ii:k, on r-t cJrrler exlsnnq, ine trouble is deli- 
in tne oildla circuits or modulation ::;zs:azer. 

:.? .:!, ;;,T;,pT : ~ ~ ~ ~ d ~ : y  ,:::,:I? rem*,,: the "rid 

^:as !C the r- t  stoqe ;:nd couse exirsaLrc ; i u Z  =::ex; 
o snortea tronsiormer wouid dl;*. the r ~ !  stage !: 
nlemte nnrrnnllv ord produce o coiriel, ia no modu- 
!at;cz cod? ocnlr. 

, . -: 4.-....t:.- : , !? :F  ,-.;::en! ::iU2!I" 1 ~ ~ 1 ~ 2 ~ t e ~  .,.., " ~.. ~~ 

<b*ir?-crr,xiied zo,xwcents % iczk or ?!as: inw plote 
cErier.1 in5icores excessive bios, Clqn-resrstance Jolnts, 
:-::. !:hn enic_c:?l, nr 0 p0ssii)le lock o! couollng to the 
. . 
;,-,,ye, .V:.L .... , --n-.+;,T,.<toi -,r .. :, .i cr,. . - i r r ' !~ t~d  conditions 

.:, t" r:.'2!rme"! m:t:.. " .\r#.t, ,? ,c,,>idr.w . . . .  . .  -.'.,i. I -,.- ,.'i .,..er ; ;- ,?..,,, " .. . . . . 
si.unded ' 0 ,  S0t.t). ' , "  !r.mfi L , , C  

<eie?!oe romnonents. 
i nqltou* I: m . : i l  INS! r e  ~.i-lrr.ilr,e; n.ICL:.C. 

]:v -,::~.dt :r frc? lgck si si:!tiz:s:,l cuoio drlv: or 
Irdj :  uLi"L: :?;uc:iar, .7, ;5::.?7:7;c ?: -r, ', '>,'!tl '.,8'! 

. ,  , 
i ' 1 . . , . - i  i m w  -.?,>1ot,un is . , i , > i i r  2x2 ;L ;i 

1 ,  . ~ - .  ;,..,.. ,-, . ,-< .;. ?rive, i !cn. g15c is ~ o l l s p d  bv o re- 
?---? re!!in" nf the oudm 3oln ~dntroi,  by ::ouoje :n 
~. ,,,= s2c*L b, s:;;e:;, c: 5;; !:+ :! c,:~Gic:,.?"! 7-! .jr,ve. 

,!F. osc::!cscc~e 1s v?,y i,? ,&:c::Zlz:l!< !:.e 
. . ,  - - , . - -  - 7  - -,..... ., .,,-,, 1 , > ,  siice the .vc.:c!o:z is: 2. .---- - . . 

: :  " '"' "",!'I,?. ""iih tests ;: T.Oi:: 
. . . ,  , ~ - ,.,-.- .. .-,-. ,, 

;;I.OI, de.-c: ,.-y =, .. . . iir ,.... . . . 
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A waveform check. however, can show both wrcentaae 
of modulation andwoveformdistonion, and is more - 
useful. Tw high a grid bias will cause o reduction 
of output and an inability to reach lOOpercent modu- 
lation with the same drive. 

Loadina t m  heavilv will increase the 1-1 cmie r  
output, bucit will alsd result in inability to o b  
tain 1W-percent modulation: on the other hand, lmd- 
ing t w  lightly will produce a reduced carrier, over- 
modulation on the peaks, and o greater amount of dis- 
tation a s  indicated by o flickering plate meter reading. 
In the plate modulator, a flickering plote meter reading 
always indicates distortion and carrier shiit, but this 
i s  not always true of the q i d  modulator. Because 
of the use of a changing efficiency to obtain the 
modulation, and since the power is obtained from the 
same source, distortion and lack of full modulation (ond 
even avermodulation) can exist sometimes without grwtly 
disturbing the normal meter indications. Therefore, 
it i s  important that the grid modulator be adjusted for 
proper results, using an oscilloscope. 

A partially shorted modulation transformer will not 
indicate i ts condition externally by arcing or bunt 
spots since it operates a t  a very low level; insteod, 
it will probably muse a loss of output combined with 
distorted modulation. Such a condition can be deter- 
mined by substitution of a new transformer known to 
be good after the other parts have been eliminated by 
a systematic analysis. 

h c k  of sufficient filament emission in the r-f 
amplifier or modulator tube will produce peak clipping 
and a lower output because of inobility to obtain 100- 
percent undistorted modulation at the peaks. 

D1stort.d Dutput. Distortion i s  usuallv obvious 
when the audio 'adulation i s  monitored. 1t can result 
from o number of causes. For example, overmodulation 
will cause carrier shift, severe interference with 
other stations, and distortion. Since the grid modu- 
lator i s  inherently subject to more distortion than 
the plate mcdulota, any slight change in load conditions 
or misadjustment will usually be indicated by an in- 
crease in distortion. 

Since the grid modulator essentially supplies volt- 
age, it is necessary for the primary of the modulation 
transformer to bedomped with a stabilizing resistor 
in order to maintain a substantially constant load. 
With a varying load caused by an open stabilizing 
resistor, the distortion will beexcessive. In those 
stages that must be neutralized, it is important that 
the neutralization be correct; otherwise, dwlng the 
peaks of mcdulation, self-oscillations either will occur 
continuously or will start to a c u r  on the voice peaks. 
In either case, the distortion produced by poa  
neutralization is excessive and noticeable.. This 
ccndition i s  easily identified on the oscillascope by 
a fuzzv and blurred wttern. which is indicative of 
oscillation. (See EIMB, NAVSHIPS 900.000.103, Test 
Methods and Practices, Basic Measurements Section. fa 
typical modulation tests and waveforms.) 

Distortion in the preamplifier stages can easily be 
detected by supplying an undistorted signal to the 
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input and checking the output waveform of the modu- 
lator transfamer with on oscilloscope. If low power 
and low voltages are involved, a quick but less accurate 
check can be made by using a speaker m set of head- 
phones instead of an oscilloscope. 

TRANSFORMER-COUPLED, SUPPRESSOR-GRID 
MODULATOR. 

APPLICATION. 
The suppressorqrid mcdulota is employed a s  a low- 

level modulator for pentodes in applications where a 
minimum of audio (modulator) power i s  desired. If is 
p~rticulmly useful in ponoble or mobile communica- 
tions equipment to reduce size and power consumption. 

CHARACTERISTICS. 
Varies qrid-plate transconductance to achieve mod- 

lation. 
Requires less audio power than grid modulator since 

anlv voltaae drive is required, ond no power is needed . ~ 

for modulation. 
Produces maximum efficienw at 100 percent modula- 

tion, and minimum efficiency wiih unmodulated (carrier) 
conditions. 

Provides a carrier power of only 1/4 that available 
lor same tube in CW operation, and about 1/3 that pos- 
sible with high-level plate modulation. 

CIRCUIT ANALYSIS. 
G.n.r.1. Suppressor-grid modulation is practically 

identical to controlqrid modulation, with the excep- 
tion that the suppressor grid is used to achieve the 
modulation instead of the control grid. This type of 
modulator, like the grid mcdulata, uses a form of 
efficiency modulation. h normally operates ot half 
the maximum current under carrier conditions with no 
modulation. and at full current (twice normal) at 100 
percent mohulation. The efficiency i s  appro;imately 
33 percent with no modulation and approximately 66 
percent with full modulation. The canier power 
represents 1/4 the maximum power available for the 
same tube operation, a s  a c lass  C amplifier, with o 
peak power of four times the carrier value at 100 per- 
cent modulation. During modulation the overage power 
increases to a maximum of 1.5 times normal at the 
peaks of modulation, and this power i s  obtained from 
the same power supply by a change of efficiency with- 
in the tube. 

It requires a negative supply for biasing the s u p  
pressor grid, which, since it octs a s  o gate between 
the screen and plate and i s  alwoys negative, draws no 
current. Thus, very low modulation power i s  required, 
since only audio voltage is needed for control of the 
modulation. It does have the disadvantage, however, 
of causing a higher than normal screen dissipation. 
This is due to the fact that the plate current is cut 
off on the negative swing of the mcdulotion signal, 
and the positive screen octs a s  o plate, resulting in 
greatly increased screen current. Distortion is approxi- 
mately of the same order a s  that for grid modulation, 
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since the linearity of the grid-plate transfer chorac- 
teristic determines the basic minimum distortion lnherent 
in the tube. 

Circuit Operot~on. The tas ic  suppressorqrid 
modulotor is shown in the accompanying figure; for 
simplicity, sine wove qenerators or? used to repre- 
sent uudio ond 1-1 excitotioo. It is clear from the figure 

Basic  Suppressor-Grid Modulator 

that the circcit is procticolly identical to thot a! the 
grid modulator except for the tube element used. The r-f 
amplifier stoge operates os o conventional closs C 
axpii!ier. Screen voi~nqe is obtoinpd through dropping 
resistor D.,, b y p x j e d  Cat, ;nd 2 fixed control~rid 
hias supplemented by griddrive bics from R, is used. 
With the suppressa grid biased negotive irom a separate 
supply, the carrier value of current is one-half the 
maxirnwr current. As the o-f voitoge from the speech 
amplifier (represented by the a-f genecotor) is applied to 
the suppressor, 11 is jconslaerinq a slne wavej aiternaleiy 
oidina and opposing the suppressor flxed bias. Tinus 
on the positlve holi-cycles. it operates to reduce the 

, . .. . , 
slr!;preshui uiub uod ul iun i ; ~ i u - i E i  : i s  s: ;lz:i ;;ii.)::, .. . 
,whiie on the rtecpkive i l c 2 ~ - ~ y ~ i s s ,  I: csds TG :!,E zs??:ess2: 
ti,"$ (6 re iuce ?it? v:cce c<;e:.;. T:,e:c:~:e, :!.= :..:2"~ 
lotion is deveioped by plote current flow ~nder  control . , 
ar tne suppressui-qilu voiiuqr, iri ci:cii, t!,e ~ukiirt.-  
sor varies the grid-piote transconductance to ochleve 
roiuiliat~or. 

-, 
1 :;e S C ) > ~ , T ? ~ ~ , C  >f  2 typic:) 5i2pressarqrid ndd!cto: 

is shown in the accompanying llgure. in the tigure, 
TI couples the output of the speech amplifier to the 
suppressor r i d  through PFCI, which prevents any feed- 
back of rf into the cudio circuit; copac~tor C., grounds 
.L. "- ,,,c au,+essor fa :!. Thcc tke 6% s ~ p p r e s s c ~  bias and . . 
inslolltai8euus u u i i l j  ijuiiilit siailo: izm), ca72ec:ei ;n 
. .  ..- .--i;-"d .. .."..,<" "" -;; oe,,,,o ;;"- 

>5..5.,, ",< l"l.." .. .--. .- ?.-, .-_ ~_. 

value, which adds on the negotive peaks to increase 
the total bias, and subtracts on the positive peaks to 
decrease the totol bias. ?he tube i s  biased closs C 

A-F 

- 
Ebb E ~ ~ 3  

- - - - 

E b b  

1 - 

with fixed grid bias E,,, bypassed by C1. The fixed 
bias i s  suppiementea by grid drive bias through grid leak 
R,, coupled from the r-f exciter stage through C,. RFCl 
isolates the bias supply, and Ci bypasses any excitation 
wnici! may leak through the choke. p i e  effective contra!- 
grid bias is that from cathode to gtid, indicated by E,. 
Screen voltage i s  nppiied through screen dropping resistor 
?,.,, Sy7;sed 5;. C.,, !he seiiei-fed t:;a;jL. 
?FCi on?. typcsred hy capacitor C2 in n conventional 
s::hs-fee? :z=ijeii.eni. Tank LC 1s :uned !c the er- 
citation irequency opplied to the grld, and is coupled 
;n:;ctive!j tc %; c;:;u: Icad, ". 

#hen the moduiotlng slqnai is oppiied, em varies irom 
same neqative ~s1ue  !3 a p s i t h e  value which just con- 
ce!s E,,i, producing - varhtlon of suppressor bios, 
E.,,, irom zero at ine maximum posirive peaks oi i c f d u -  
lotion to some negotive value at zero modulation, or 
carrier level: it then increases t o o  grater  neqatlve 
value which is sufficient to reduce the plate cwrent 
o h o s t  to zero on the negotive peaks of modulation. - . .  
i:.-s :ne p:a:e voi iqe  cvmiec ililif~ ,J S V U : ~  iiiniiiiiiii. 
! c  p r ~ r . i i n 1 : ~  1hI: :xlnir ~o:tn,?e as the -,lcte m e n :  
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varies from maximum to zero in accordance with the 
modulation. The voltose drop across the tank circuit. 
EL, varies simultaneously from zero to maximum and 
back to zero, and the tank current is incrased durinq 
the positive peok and decreased during the negative 
peok, effectively producing the modulation envelope. 
Since the tank is oscillating sinusoidally, the output is 
also sinusoidal, and i s  produced by pulses of plate 
current which increase the tmk current to form the 
envelope shown in the accompanying figure. It is 
clearly seen from the figure thot while the tronsfer 
characteristic between the grid and screen i s  mostly 
linear, it curves off at the beginning and end, which 
corresponds to a biased-off suppressor condition and a 
zerwvoltage suppressor condition, respectively. This 

E L  I R F  OUTPUT1 
V O L T S  

Suppmrror-Grid Voltage and Output 
Voltage Relationrhipr 

shape i s  similar to that of the grid modulator tronsfer 
curve, and indicates that distortion i s  inherent ond 
must always be more than that produced by plate 
modulation. 

Use of the series screen-voltage dropping resista,  
R.,, tends to reduce the screen voltoge more os the 
screen current increases. Thus when the suppressor i s  
being biased-off to the nonconducting state between 
screen and plate (by the negative modulation signal) 
the increased current attracted to the screen (it tries 
to act a s  the phte) outomaticolly reduces the effective 
applied screen voltage by the increased drop ocross the 
screen-voltage dropping resistor, R.,. In this manner 
the extra screen dissipation i s  reduced somewhat at 
just the time it is becoming excessive. Hence, fixed 
screen voltage i s  usually never employed with this 
type of modulator. 

Detolled Analysis. The basic functioning of the pen- 
lode modulator depends upon the suppessor grid and its 
control action. Cansider the basic triode, for which 
a set of typical plate characteristics and transfer 

characteristics ore shown in  the accompanying figure. 
It i s  evident from the plate chorocteristics that for 

Eb3=lSOV ~\/,~;40~j-200v 
Eb4.100V 

0 
PLATE CHAR4CTERISTlC GRID-PLATE TRANSFER 

CHARACTERISTIC 

Triodr Plate ond Transfer Choracterirticr 

a fixed bias, there i s  a different plote current for 
each chonge of plote voltage. Note that the curves 
tend to be similor and equally spaced for equal steps 
of bios voltage. Likewise, on examining the tronsfer 
characteristic, it i s  seen thot for each change of bias 
(with fixed plate voltoge) there will he a different 
plote current; like the plate characteristic curves, 
these curves are similar and almost equally spaced 
for equal plate voltage steps. Thus it i s  clear that 
in a triode, one con vary the plate voltage and the plate 
current will follow, which is whot is done in plate 
modulation. Likewise, one con vory the grid bios and 
the plote current will follow, which is whot i s  done 
in grid modulation. Now examine the plate chorocteristics 
and transfer charocteristics of o pentcde, a s  shown in 
the following figure. 

P L A T E  C H A R A C I E R I J T I C  GRID-PLATE TRPINSFER 
CHARACTERISTIC  

Pentods Plats and Transfer Chomcterirticr 

With the inclusion of the screen grid in the pentode, 
the plate current no longer follows the plate voltage, 
but is determined mainly by the screen voltage (assuming 
a fixed control grid voltoge). That is, for a particular 
screenvoltage, the plote current quickly reaches o 
particular value, a s  the plate voltoge is advanced from 
zero towxd a maximum, and remains substantially con- 
stant over a large ronge of plate voltage. Thus, 
vorying the plate voltage has little effect on the 
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plate current. Since these curves me parallel and 
almost equoliy spaced (for equal screen voltage steps), 
it can be seen thot variation of the screen voltage will 
produce the desired variation of plate current, which 
is what is done in screen modulation (to be discussed 
separately). Upon exornining the transfer characteristic 
it is seen nlso that for o specific screen voltage and 
foi plate .vo!mq; from a low to a high vnltie: there is 
little change in plate current a s  the bias is changed: 
in f a n ,  for at least half of the operating curve they ore 
identical. Let u s  now exomine how the grid-plate 
tronsconductance varies with o change of suppressor 
voltoge a s  the controlqrid Sias and screen voltage 
remain fixed, a s  shown in the followinq fiquie. 

As con be seen, the transier characteristic is proctical- 
ly lineor, stortlng Gom o high value of tronsconductance at 
zero suppressor voltage and endinq ot a very small or zero 
value with a large negofive suppressor voltoge. It follows, 
therefore, that voriotior, of the suppessor voltoge wili pro- 
duce o relatively imem chonge in tube ~ ~ t p ~ t .  As ores;?:, 
the suppressor-grid modulator is operated with a fixed nega- 
tive control mid bias and a fixed screen voltage. (Since 
the control grid bios does not vary, the t-f excitation source 
need not have a s  good regulotion a s  with the grid modulator; 
consequently, it need not supply a s  much grid drive power.) 

Since the suppressor i s  placed between the screen and 
the plate, it exerts complete control over the plate current: 
wber; b i a s 4  sg f f id~n t ly  neqotive it will cause plote current 
cutoff, while at p s t  a b u t  zero bios it wiii perrat amimiix 
plote current flow. &cause the suppressor is never ;;is& 
above zero ond 1s aiways negative, ir draws nc ;;:~r,:; !!;IS 

very little modulatoi power i s  needed - less than thot for 
nny other type of rnmiuiator. Tine supplrssoi Bids ;s ~ s ~ i l -  
ly or. the order of - 100 volts, and o simple voltoge ompll- 
fier .will completely m3dulate o hlgh-powecrj p n t d f .  

As the plate current is prevented from i l w i n j  :c the 
plote by the negative suppressor bios, the screen becomes 
!h* only collector of electrons, and the screen tends to 
absorb them, acting 3s the plate. Tnus screen-qrid power 
dissipation becomes large on the negative portion of the 
modulation signal (the trxqhs),  as shawc ln the mccompny- . . .  
in; fiqxe. k!y obmnin? rhe scrrrli ~oi tcqe t:;o;;n :̂OF- - , .' -'-.---...-" .io,.rmoc~r:~rrrr,, p~ng  resisror n., lrurr~ IUL .,--.--, - -  
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current (i.,) automoticolly causes a lower applied screen 
voltage, which reduces screen current flow during this period. 
Even so, the maximum screen dissipation is usually exces- 
sive during this period, h o u s e  plote current cannot flow 
and oli electrons are being handled by the screen. 

Now consider the tute's operotion under carrier condi- 
tions with no modulation. Here the d-c suppressor bias i s  
adjusted for a negatlve vaiue which produces half the  maxi^ 
mum (full class C) value of plate current. 'The 1-1 drlve and 
grid bias me set for the optimum values to produce this 
maximum loaded plate cunent. No moduiatian i s  applied to 
the suppressor (only the fixed d-c bias], and plate current 
flow is a s  shown in part A of the following figure. 

AS PLATE 

&-F 
DRIVE 

SUPPRESSOR 
MODULATION 

R - F  
DRIVE 

Screen Circuit Conditions 

As the modulation signal goes negotive, the effective 
suppressor voltage i s  increased t; !--t5er Sias off plate ctu- 
rent flow. At the negative peak of modulation (the trough), 
the instantaneous suppressor voltage, e,,3, is just below 
c-toif B of the fij-ej, czd no piate curtenr con iiow. 
This is the time ot which the screen 1s dissipating oil the 
z i t b d c  (space) curer!!, 3s explamd in the pieviois parc- 
graph. During the remaining half of theneqotive modulation 
q:le <>e s+-:ressnr volt'ye rises, becoming more ps i t iv r  
a s  ine negative modulatior, cycle opp?ocihes the zero modu- 
l a w n  (zrrier) level. At no modulotion theconditions are 
cs first represented in part A of the figure, wlth oncholf 
tine cutoff value of jupyiejjs i  Bic;. Czch drive %!se prc- 
duces on output pulse of I! and a plate current pulse. ' h e  
piate current averaged aver iiie c y d e  is half m m i m .  

During the positive half of themodulation cycle, the 
neot ive  suppressor bios rises above the cutoff level and 
~... 
? ~ , L : I F ~  i i i ~  G: the maxim~z- p s i t i ~ t '  mdii!qtion ?wk. At 
:>,is time t:,c plate =me?.! 1s !%ice normu: ( s # u i t i l u f i )  zird 

ORIGINAL 
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Typlral Opwotinp Waveforms 
pressor varies the final lwd line by controlling the grid- 

the plate voltage i s  reduced to i ts minimum value, a s  shown plate transconductance to vary theefficiency from a mini- 
in part C of thefigure, but not to less than that of the screen mum value (about 33%) at zero modulation to full value 
voltage. If the modulation i s  sufficient to make the sup- (about 66%) at 100 percent modulation , a s  in the grid modu- 
pressor voltage positive, the suppressor tends to become lator. 
the plate, and so does thescreen (the screen voltage i s  now 
greater than the plate voltage os shown in part D of the FAILURE ANALYSIS. 
figure). Thus, both the screen and suppressor grids carry NO Output. Lack of output should first be isolated to 
the space current, and their dissi--tion ratings are exceed- failure of the r-f amplifier stage or the modulation signal 
ed. This is why the suppressor grid is luv.r driven positive. circuit(s). Even though the modulator i s  operative, an open 

Once the modulation peak is reached, considering sine plate r-f choke (RFCZ) or tmk inductor (L), a defective 
wave operation, the suppressor voltage becomes negative- electron tube, or a lack of grid excitation to the r-f ampli- 
going, and the resting or carrier condition is again reached fier will produce a nocarrier condition. Observation of the 
at zero modulation. During the rime of thepositive pmk the r-f plate current meter will determine whether the plate cir- 
drop across the load (the tank circuit) i s  the greatest, and cuit has continuity. Tuning thetank capacitor for a maxi- 
the greatest output voltage i s  developed and coupled to the mum plate current indication with o resonant dip will deter- 
antenna. Also, during this interval, the tank is actually mine that the tonk circuit i s  opsative, and that sufficient 
absorbing power to replace any losses present a s  a result drive, a lmd, and the proper bias exist for operation with- 
of resistance in the coil and leads. Conversely, during the out modulation. Grid drivemeter indications will also show 
negative peak, the tank i s  supplying the output since the whether the proper amount of r-f drive exists. With the 
tube i s  cut off and inoperative. proper grid current, if the plate tonk can be resonated for a 

It can be understwd from theprevious discussion, then, minimum dip md then lwded to the maximum current, the 
that varying the instontanmus suppressor voltage in accord- trouble i s  in the modulator circuit. 
once with themodulation sisnol over a complete modulation Lack of arid drive D ~ U C ~ S  the trouble in theexciter 
cycle will vary the plate current to twice normal, and cause stages of the transmitter or in the coupling network to the 
the plate voltage to vary similarly. Thus, on the modulation final staoe. Lack of plate current indicates wssible wwer 
peaks, the power outpui is four times that of the carrier. 
Since sine-wave modulation i s  used, the average value of 
plate power will vary from thecarriet volue to 1.5 times 
the carrier at 100 percent modulation. Thus, the conditions 
for AM modulation are produced by effectively varying the 
tub? plate current flow, using the suppressor grid to a c  
complish the variation under the contrcl of a modulation 
voltage. Because the power i s  low, this i s  effectively an 
efficiency t y p  of low-level modulator. Actually, the silp- 

ORIGINAL 

supply trouble or an open-circuited r-f s t o ~ .  Otherwise, 
proper performance but lock of ability to lmd to maximum 
current indicates antenna trouble, improper tuning, a weak 
power amplifier tube, or o defective transmission line. 

With an r-f corriei existing, the trouble i s  definitely in 
the audio circuits or in the modulation transformer, r-f 
choke, a suppressor bypass mpacitor. An open transformer 
secondary would remove the bias to the suppressor grid and 
cause on abfiormal plate current reading without modulation, 
while a shorted transformer would allow the proper plate 
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current and apparently normal corrier operation, but no 
modulotion could occur (depending upon theeffectiveness 
of theshort circuit). 

High transmitter plate current usually indicates short- 
circlrited components or o lock of proper bias, while low 
plate current indicates excessive bias, high-resistance 
joints, low tube emission, or a possible lock of sufficient 
cocpling to the lmd. W~th opencircllitPi conditions in- 
dicated on the equipment meters, osimple resistance onaly- 
s is  made with the power OFF, and with the high-voltog. 

supply ground.d for s~1.1~. will quickly determine the d e  
fective components. 

Lox Output. It must first be determined whether the low 
output is from lock of sufficient audio drive or from an oct- 

modulation i s  usually due to lack bi suiilclent oudlo drlve, 
this con ;:so occur because of a reduced settino of the audio 
gain control or because of trouble in thespeechmtages. An 
osci!!osca?e is ,very use!u! ir. determining therotis? of 
malfunctioning, since the woveform itself may te directly 
observed. For simple, quick tests of modulation percent- 
age, a trapezoidal pattern i s  useful. A waveform check. 
however, will not only show percentaqe of moduiation but 
will also indicate waveiorm distortio', so that it i s  usuol- 
ly more useful. Tw hiqh a suppressor-ijrid bias will 
cause a reduction of output and an inability to reoch 100 
percent modulotion with thesame drive. The same effect 
will also occur if thecontrol-grid bias is too hiqh. Tempor- 
arily grounding the suppressor grid will produce maximum 
output if the control-grid bias i s  satisfactory. If incorrect 
controlqtid bias is alspected, the bios con easliy be 
checked by a simple voltmeter indication (use on r-f choke 
in series wi!!, the aeter probe to cvaid erroneous indico- 
tions). As with the grid modulotor, a steadily indicating 
plate meter does not necessarily indicate thot there is no 
distortion or overmodulation. Since the changing of efficl- 
ency in :he plate circuit i s  used to obtain themdulated 
output, aiiiough the piare current is chollqirn) instontaireoiis- 
ly, one condition may cancel the other. Thus, either a 
steady current indication or o flickering current indication 
can be indicative of the some condition. It has teen iound 
thot sotisioctory operation requires the use of an oscillo- 
scope to properly adjust the suppressor voltage and load 
ior 100 percent modulation with a minimum of distortion. 

Because of the low power involved, a partially shorted 
~?.odu!otinn wn+formei will "ot iusuolly indicate its condi- 
tion by external burn! spats or arcing. il wiii pro'mbly 
show a s  an inah~llty to obtain ibG percent moduiotion, nit), 
oii otner components cnecea and the circui: -ppzrenZ~ 
working normally in oil respects. Wnere available, o nega- 
ti ve vonahle d-c sowce can be us& 12 s~~iiuiulr t ie iiiungc 
in bias with modulotion. to auicklv determine whether ihe . .  . 
5t3ge :s 3per:tir,j properly; lf it is opautlncl, the tiurls- 
ioimer ceitainiy must 'be defectlvr. Lack of syfficient 
filament emission in the r-f amplifier ormduiator tube wiil 
cause oeak clippinq and a lower output because oi tb.e in- 
cbiiity to obtain 103 percent undistated modulotion. 

Distort.d 0 ~ 1 ~ ~ 1 .  Distortion con OCCX from a number of 
causes, mi! is easy :o ietec! when .m.cnitor!ng md!c modu- 
lotion. Dvv~~~~s.Juiliiioir wiii caise ; choppnq 3ff of <?.e 

..L --.. :.. -L:'. "."A,.-<-" " - ~  ,a.e ,..,-,; opon?a ,* 
L Y L i l C L  n.,,, i"illci a,".., r.x-" -...= I 
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stations operoting within o iew hundred kilocycles of the 
carrier, and distortion. Nonlinearity in the control of the 
grid-plate tronsconductance by the suppressor grid bias 
will show a s  distortion; that i s  similm to the distortion 
caused by curvature of the gridplate transfer character- 
istic in arid modulotion. 

In stages operoting on thesame input ond output fre- 
siiencies, there i s  the oosslblil t~ oi feedback iram plulr io 
grid, causing seli-ascillotion with severe distortion. Al- 
though the iow p l a t w i d  capacitance of thepentode makes 
this almost impossible, it does wcln sometimes a s  a re- 
sult of poor layout and external coupling between the tube 
elements, wrticulorlv at hioh freouencies. Self-oscillation . . * .  

con be easily detected by the characteristic fuzzy pattern 
brcduced on an oscilloscooe. Osc i l l~Sco~e  connections and 
wuvrform~ ue sttown ir, t i e  8ASX MEASUREMENTS s e e  
tion of the EIMB, NAVSHIPS 900,OW.103, Test Methods 
and Practices. 

Since the suppressor wid d w s  not draw current, the 
modulator has no uouble with changing load conditions as 
in the grid modulotor; thus the distortion i s  usually limited 
to thot caused in preceding speech amplifier stoges. Gen- 
erally speaking, there should be less distortion present in 
the suppressor-grid modulator than in other types of grid 
modulators. 

TRANSFORMER-COUPLED. SCREEN-GRID MODULATOR. 

APPLICATION. 
The screen grid modulator i s  employed as a low-level 

moduiotor for screen grid i u h s  (teuodss and p i l t d 2 s )  
in applications where it i s  desired to use a minumum of 
audio (modulator) power. It is particularly useful for port- 
able or mobile communications equipment to reduce size and 
power consumption. 

CHARACTERISTICS. 
.?..:A- --.--- ..-I. "- vuiLc3 aL,=GL, V U . L U ~ ~  to achieve mdu!otion. 
Requires slightly more power than contiolqid modulator 

( abu t  1/4 the roted s n e e n  input for CW). 
Produces maximum efficiency at 100 percent modulation 

and minimum efficiency ior unmodulated (carrier) conditions. 
Provides o carrier power of 1/4 that availobie from same 

tute in CW apemuon, and o h u t  i l3 inat possible with hiin- 
levei plate modulatton. 

CIRCUIT ANALYSIS. . , 
G..e.ol. Ssreen-q;; md:Istiun :s ~uc t i ca l ly  i i e~ t i ca l  

;a :he c<?er i y ~ s  ;I .TO~L!,C:::~., x25 !>:e excep:o? 
that the sneen grid is used to achieve the modulotior. in- 

"i on, a! the ithe; q:?s. 75:s :ype :! r.o&lot?r, 
ltke the grid modulator, uses u iorm oi eificiency moduioiion. 
it owiriilly o p e ~ t e s  at half thc mcximum plate ciliien! in 
the ;es"ng or mnier candition, with no modulation. ond o! 
iuli current (twice normaii at 1% percent moduiotiun. Tilt 
efiiclency i s  iowes!, (abut  33%) with no mcdulation, and 
highest (ohout 66%) with iuli i6g percent moduiatlon. Tne 
carrier power represents onequarter of the maximum power 
ai~zilable with noimoi class C operation, with a pmk power 
of f-: :ines :he c9:rit.: uu;ue .at I?O% m,-"+il;:;;n. n;;;n; 

wns,- m o l i ~ : ~ i l i t x ,  i / t i  ovitadi ou#ii i i l i i2~zcs :O G 
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maximum of 1.5 times nnrrnnl ot the peaks of -a~<ulation, 
and this power is obtalnel horn the some power supply by 
the change of efficiency wihin the tube. 

This tvoe . ~ of r rdula to~ requ;rss 7 screen supply with 
good regulotion, since the lmd, p!ate, and screen curren!s are 
instcn!cneous!v varyin hrinq -ol.rLtlon. !r k s  the ~ n -  
herent disodvnntcqe of bein2 unzole to nchleve 100 percent 
modulation without distortion unless special compensation 
i s  provided. 

Circuit Opemtian. The circui! of the basic screen-grid 
modulator i s  shown in the accomp7nyinq figure, :,sing sine 
wove generators to represent oudia and r-f excit8:tion for sim- 
plicity. 

It is clear from the figure t5ot the ci:ruit is practically 
identical to that of the control-grid or suppressor-grid mod- 

Basic Screen-Grid Modulator 

ulator except for the tube grid element used. The conven- 
tional LC tank appears in the plote circu~t,  inductively 
coupled to the output load (antenna). The r-f drive i s  sim- 
ulated by the rf generator, and supplies grid drive bios 
through R, in addition to the fixed negotive bias, E,,). 
As con be seen in the figure, the a-f generator supplies the 
modulotion in series with the applied sc:een voltage. Thus 
a s  the modulation increases on the positive half-cjcle 
(assuming o sine wove), the screen voltage and modulation odd 
to produce o larger screen voltage. This increased screen 
voltace muses a ineater plate current ilow.. On the neq- 
ative holfrycles the modulotion opposes the positive screen 
voltaqe, so  that at the neqouve peak of modulation (at the 
wough) the screen voltage is effectively zero, almost p re  
venting plate cwrent flow. 

Although the screen voltage is zero, the lnherent con- 
struction of the tube requires that a negative ptential be 
aoolied to the screen to comoletelv stoo olate cwrent flow . . . . . .  
Therefore, this type of modulator provides opp:oximately 
75% rmximum modulation without distortion. If comiiletelv 
(1W percent) modulated, considerable distortion is brw 
duced. 

900,WO.102 MODULATION-AM 

Basically, however, by varying the screen potential in 
accordance with the modulotion, a corresponding change 
in plate current is achieved, driving the plote cunent to 
twice the normal (carrier) wlue ot 100% modulation ond to 
almost zero on the negative peaks. Tius mn be recognized 
as the some variations of current and wltage a s  described 
in the previous forms of grid modulators to produce ampli- 
tude modulotion. 

A schemauc of o typical saeen-grid modulotm i s  shown 
in the accompanying figure. 

In the figure, the i-f drive i s  coupled through C, to the 
grid of V1, producinq grid cwrent and developing grid-drive 
bios across R,, which i s  effectively i n  series with the 
fixed negative bias supplied by E,,,. (Actually, cathode 
bias could te used instead of E,,I since screen current 
olways flows.) The plate circuit contains the c~nventional 
series-fed tank, isolated from the power supply by the rfc 

1 Ebb 

DRIVE 

ECCZ E Q Q  

RFC I MOD) 
I 

- - 

Screen-Grid Modulator 
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and hypassed by C3. In the grid circuit the ric isolates 
the rf drive from the bias supply: it i s  bypassed by C1, which 
shunts to qround any rf leaking thiough the choke. 

The oudio modulot~on is coupled iron the speech arnpli- 
fier plate thoiigh L-~nsforme: TI ,  ,::hose secondary rnri1.s 
the d-c sneen supply. Capacitor C2 serves to qound the 
scree: qr;? cs fzr cs I-! >i?iintinn. ore ronrerned, but is 
not iurge rnuugh iu Lypiss ~ i l y  of the o-dio modulatim; 
cthc:wise, frequency distortion would result from o loss of 
the high frequencies bypassed to ground. 

When the oudio is applied to the screen o! '11 through 
TI ,  ond assuming a sine wave modulating s l q a l ,  the screen 
voitoge i s  increased or1 the positive holf-cjcle, ond dc- 
creased on the negotrge half-cvcie. Thus, as  the positive 
moduiuring sisnui ul;cl> :u Liz a ~ ! ~ ~ i ~  ru:iiq;, ;kt; ;z;;c;. 
current and the plate current b t h  increase, reaching o pmk 
at lW% modulation. Since tne output voltale is the drop 
ccross th.e loar', the cutp';t i s  the greatest ot mxinum 
piote current, and rie uc:uul pluie volili~e is at  i ~liri:iim. 
As the modu!at'on swings downward toward the neqative 
holf-cycle, the screen voltage is opposed by the negatlve 
modulauon signal from TI.  At the negotive peak of modu- 
lation (the trough), there is practically complete cancello- 
tion of the screen voitoge, and the sneen current decreases 
to o minimum ot this point. The output voitcge is olso min- 
imm zt tbis point, and the actuo! plate voltoge, E t ,  is proc- 
tically eqw1 to the applied plate voltoge. Ebb. At resting 
or corrier value, the screen voltage i s  such as to produce 
onehalf the maximum plote cwrent obtained at 100 percent 
mnd,llotion lopproximately one-half the wlue used for CW). -. 
in;s, a s  i n  crher for:& cf gi! :dulc:ioni !he m:r:er .m!,ue 
is one-fourtb maximum. with a pwk of four times the corrier 
vciue of pwer.  The averaqe power varies .wittr sine wave 
modulation to 1.5 times the carrier value at full (100 percent) 
modulation. This extro power is obtoined from the plate 
p w e r  supply. '!'he power change i s  achieved by the chong 
ir,q ef;i;ieficy ;i :he plate ci:c,uit, produced by i!,iryi.nr; :he 
screen voltage of the tube in accordance with the modulat- 
ing signal. Tne figwe below shows lhe sneen vo!tage 

Screen Crld Voihpe and Uumu? volmpa Iieiorlon%;lmpr 
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and outout voltaae relationships ossumina that 100 percent 

without distortion. On the positive modulation peaks fop- 
prmching soturotion), the grid-plate transfer curve fiattens 
off so that large drive in the positive directior ..;I! i!otten 
the peaks, causing distartion. Likew~se, since zero screen 
..m .-ltcge cannot produce pinte rwrenr nltoff, the transfer 
curve drops off considerably at the zero screen voltage 
level. The effect i s  os though the bottom pition of the 
neptive peak (the trough1 of the rnodulotion were cut off. 
To minimize this distortion, the screen must te operated 
between the limits where it is most linmr; the proctlccl 
result is to limit the rnodulatior. to o b u t  70% for minimcrn 
2i::c::ic:. I-. E:-!=!!,; ?esi-4 . r i r r ,~i ts wher~ k t h  the 
grid and screen ore simultaneously modulated, this lnnerenr 
i ~ u i t  wn be overcome, but the modulction is no loqe: 
screen modulation; it is rother o combination oi both types, 
an? :>,us will not k !~r!her ?:sccsse?. 

Detolled Anollsis. TO understand the functioning of 
the screen-grid modulator, it is necessary to review 
the basic tute action and design. The accompanying 
figure shows a set of characteristic cwves for o 
typical tetrcde. 

First exanline the plate chaiacteristic; ond note that 
ior each fixed voiue of screen voltage (Em,,, i etc) 2 

particular plate cwrent can be obtained, which, after 

PLATE CHARACTERISTICS TRANSFER CHARfiCTERISTC 

the lowe: phte-voltoqe reqi3n 1s posse&. increases con- 
stantly as the plate voltage is increased. :his IS not 
o linear relntionship: it is octuollv considered moth- 
ezaticc!ly !o be n 7/7 vower relntionshin. 'lot- that 
31 tPe niqner-vlita~e end oi toe !iiare C~~I IUCICIL~LIL 

..*.?, . . . . . . . . . ? h a  . , - ,,,st3!,cec k?,#een ,be curc,e:, Iu c<". au;e=r< 
. . 

:.~::3:e n:e nearly rne s a w ,  I W  irle iiies :re iiii,.il 

oorollei. Hence, it can be inierrec thct if :he pistr 
vOlt(lno is nela iixec wn1.e rne scteeo i u ; U j r  :s 

vnried, there will be o sorevihct ]!near reictionsni?. 
, *-. ,- . .., :or c coner:orl!r; I-recisr r x  :Iri!r.n- LC 

screen .ioi:aqe, : h e  wil: be a po;ort;:ndl s i ~ i l ~ e  I;: 
plate cwrent. l h i s  means, then, that as the screen 
voitaqe is chanqed the plilte cwrent will follow, vary- 
Inq !r: a si-ilcr fashico. Since the ogtnu! voltme is 
.~r-,,ed ty the !io,n o! p!z:e cu:en: th roq t  the 
._,̂ .., ,^"* 
vLu,L ."-", :t is z!ec: :;;ct t?.e x t p ~ !  .?o!!g;e %v!i! 
V U C "  > i , ~ , i i i i i i  with ;:ie ;ice iiili-::. Lxi~.ns:ic; -. ."- -.,a -,-.- .."--,o, "*"T",..e ,,c,," ""n,~," .k". " . . . . - 3 .  . . . ? . - . - . . - . . -. -. . -. . . . . . . . . . . . . 
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for a fixed screen voltaqe (E.J the plate current 
(I,, jces nr:t v-r, -x. :o: low vc::?qes 's.ck :A Coi - cr ;.< . 2-1 :oes :har;e soremml lor l q e :  ,ioll~;es 
(such a s  &I) ;  it i s  affected mate by control grid 
voltoge changes (e,). Thus, basic tube action in- 
dicates thot either control-arid a screen-arid modu- 
lation is possible, and thatplate modulat& by vario- 
tion of the plate voltage alone on screen grid tubes 
is not feasible. 

Consider now the r-f drive and bias. Since the 
modulated r-f amplifier i s  to operate os a class C 
stage, the bias must be approximately twice the value 
of cutoff fa a fixed screen voltage, andsufficient 
drive must be applied to drive the stage into light 
saturation on the positive peaks of the drive signal. 
(Refer to Section 6, Part A, RF Power Amplifiers 
Class B or C for background on class C operation.) 
The value of bias and excitation must be such that the 
plate voltage never drops lower than the screen voltage 
on the peaks of the modulation. Otherwise, excessive 
screen dissipation would occur, with the screen trying 
to act a s  the plate. The resting or cmrier value of 
current i s  adjusted for exactly half the maximum lwd 
current, with the stage operating over the linear portions 
of i t s  chmacteristics. Because of the varying efficiency 
and load changes, it i s  necessary to use an oscilloscope 
to determine proper operation. 

Assuming perfect linearity, a typical oscilloscope 
presentation showing 100% modulation would appear a s  
shown in the following figure. Note that the amplitudes 
between the line representing the carrier (C and D) and 
the ends of the pattern are equal, with straight sides 
indicating equal and linear modulation. Also, note that 
lines A and extend equal distances above and below 
the cornier level (with AB = 2 x CD), and that the pattern 

WW),000.102 MODULATION-AM 

extends to a perfed paint at 0, indicoting 100% modulotion. 
Let us now examine o similar patternillustrating 
screenqrid modulotion, and note the differences. 

Trapezoidal Pattern lor Screen Modulation 

Note that the sides are straight from points X and Y 
upword, indicating linearity between these paints, but 
between 0 and X-Y the curvature indicates serious dis- 
tortion. The distance XY as compared with AB indicates 
that the distortion occurs at about 70 to 75% modulo- 
tion. Thus, the carrier must be adjusted so that it i s  
centered at the point where line segments 1 and 2 mmk 
off equal distances over the linear portion of operation 
if distortion is to be avoided. The illustration 
graphically shows the limitations on maximum modulotion 
percentage without distortion for screen modulation. 
If operation i s  held to the left of the indicated 
carrier line to achieve 100% modulation, the distortion 
shown between points 0 and XY must be accepted. 

The inability of the pattern to attain a point at 0 
indicotes that the maximum negative portion of the modu- 
lation signal does not quite rwch cutoff and 1W% mcdu- 
lotion i s  not obtained. ' h e  distortion shown between 0 
and XY i s  caused by actually drivlng the screen negative 
with the modulated signal on the neqative peaks, toat- 
tempt to produce the cutoff of plate current; The 
reason for the departure from linearity i s  thot with 
zero screen voltaqe at points X and Y, any slight 
change in the negative direction of screen voltoge 
changes the plate culrent much mate rapidly than does 
a similar positive increase in screen voltage. Hence, 
the line no lonaer remains stroiaht: it has a faster 
slope, and curves rapidly downward toward zero or maxi- 
mum neqative modulation (the trouqh). In effect, we 

Idaal Tmp.zoidal Pattern 

ORIGINAL 

con soy-that at the zero screen voitage level, the 
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tube no longer mcdulates equally obove and below this 
point; hence the reason for the rapid change of wove- 
form. The point of zero screen voltage i s  determined 
to some extent by the bias andgrid drive. Thus, for 
particulm wlue of bias it i s  possible to ipply !us1 
sufficient drive to reach the peaks on the positive 
modulation cycle ond move point XY to the left slightly ." -..- 2"  1: A,.,".?.... -,,-. - ".-"*o. ..".*<"n "4 
L" u u u r r i  ..,,E"l illrvu.ur.ull v.rr " y.cu.-. *-...".. ". 
the cycle. Such an odjustment, however, must be made 
with on oscilloscope; it cannot be predetermined by 
design. 

In Yayy equipment, the design and adjustments are 
preset by the monufocturer so  that by setting the 
operoting values of plote cment and voltage to those 
>:-..> :. .L. T.-L-:-.l \ #  '-..L- -",.;...""-. .L" 
.,,,LSU 111 ,,LC i r L l l l l l C Y l  III"I,YYI .". ,,,r SYUIYIIIL ...I L.  i- 

proper results wil! be obtained to meet the manufoc- 
turer's specifications. 

Consider now the modulator power requirements. Since 
the screen is being modulated, the peak screen ' V O ~ ~ O ~ E  

divided by the peak screen current will provide the 
maximum load impedance value. A rough approximation 
of power can be obtoined by using the peak screen volt- 
oge and current and dividing by 8. Tnus, for a 400- 
volt, 10-milliampere screen lood, 500 milliwatts (1/2 
watt) is required for moximum modulation. To help 
stabilize <he constantly varying lwd ond keep power 
supply fluctuations too  minimum, and to achieve good 
regulation of the modulator, o power capacity of three 
to four times this value would be used (1-1/2 to 2 
watts), and the mcdulotor would be lwded down with a 
swamping resistor to stsbilize the load. With the 
4Wvolt, 10-mo load, 40,000 ohms wouldbe indicated. 
ay providing 40,000 ohms for each half-watt, a total 
load of 10.003 ohms would be obtained with a 2-watt 
amplifier is modulator. Thus, reflected lmd changes 
in the screen circuit are minimized so that the modu- 
lator provides sufficient current and voltage for stable 
operotion. 

Another method of occomplishing the same thing i s  to 
use negative feedback in the mcdulotor. This tends to 
reduce the plate resistance ond the sensitivity to 
va!:age changes caused by load changes. !n addition. 
negative feedback helps improve the mcdulator frequency 
response, so that resistance lwdinq has been generally 
discarded, olthough it may be cccosionolly encountered. 

!: it evident. then, that sc:een-grid mcdulatic~ 
requires somewhot more power thon the other types of 
grid modulation (because of screen lood and requlotion 
requirements); in turn, however, it providesbetter 
over-all linearity. In summation, it con be soid that 
xreenqrid modulotion achieves its changing efficiency 
by operoting on a different load line for each value of 
screen voltage, with muximilm plote dissipation occur- 
ring at the carrier level. 

NO output. Lock of output should first be isolated to 
ioilure of either the modulated r-f stoge or the modulota 
x< Speech CITCUI~S. LOCK of (1 corner o~ tpu t  indic"tes 
iuiiwe of h e  r-i i w y r .  wili;r ;uik ui  iudu:uiiuzr "18 iijs 

900,000.102 MODULATION-AM 1 
otherwise normol corrier indicates failure in thespeech or 
modulata stages, or a lowered gain control. A nc-corrier 
indication con be caused by an open plote rfc or tank cir- 
cuit, a shorted or gassy electron tube, lack of grid excito- 
+an.. ,.,.., t w  hi& a bias, or lock of screen voltage dd"~  ta a 

defective mcdulotion transformer, o shorted screen capacitor, 
nr o defective screen supply. 

n L  2 - -  - ' .L - .  ' -,"." ",-...". -".". ,,,<,, A..*.,.,";m~ 
"">st ""ti",, " L  ,,LC I-. p r u L i  i i u r i r r ,  r r r r L L i  7.. A. u i i . r i i i . i r r  

whether the plate circuit i s  open, and tuning for maximum 
indicotion with a resonant dip will determine whether suf- 
ficient driveand load and the proper bias are present. Where 
grid current meters are part of the equipment, theobtaining 
of normal or greater than normol grid current indicates thct 
the exciter stages are operoting properly; with lower than 
~.~ - 7  ~.:, .~ ..... .L- 2.: -.-.-. -.- -. '" .,,. ". . L"L -  

!$U,,,%", y,'" L U L C  L,,, ,,LC u,,"=, z,,"3co ",L "\ L"".. ". .,,>- - 
bias on thecontrol gridis tca high. The bios may be deter- 
mmed by a simple voltoge check (use on rfc in senes with 
the voltmeter test prod, and check the grid to ground volt- 
uyej. Inability to load thestoge indicates G fou!:y antcncc 
or a transmission line trouble. 

With the r-f stage normal, the troublemust be in the modu- 
lation transformer, screen bypass capacitor, or the preced- 
ing speech stages. An open modulation transformer would 
remove the d s  screen voltoge, and the r-f stoge would give 
a no-output indication. With a shortsircuited uansformer, 
the r-f stage would appear to operate normally, but no rncdu- 
lotion would be obtained. With the lowpower usually in- 
volved, it i s  doubtful thot visible evidence such a s  charred 
insulation or arcing would be apparent, so thot it may be 
difficult to isolate mcdulotion transformer trouble if the .-  .r,nsforrne: isinterznlly shor!ed. ilsoclly a resistance 
onaivsis will check continuity. Checkinq the transformer 
for tuns  ratio with on a< source and o voltmeter will ususl- 
iy determine whether it is operating properly. 

High plate current usually indi&tes shirtcircuited 
components or a lack of properbias, while low plote current 

~ ~ 

indicates excessive bias, high-resistance joints (pcar 
soldering), low tube emission, or possible lack of sutiicient 
coupling to the lwd. With opensircuited or short-cucuiter' 
conditions indicated on the equipment meters, o simple 
r'esistonce analysismode with the power OFF, and the high- 
volt~go supply grounded for sofct)., will quickly determine 
the defective components. 

L o r  Output. First determine whether the low output is 
due to lack of sufficient audio drive, or to an actual re- 
duction of pe:centnge m--lolation os a res.'t of trouble ir. 
the modulotor. With the speech gsin control ot i ts  prope: 
setting, low output indicates loss of oudio (xcdulatoi! 
power or lack of r-f drive. Use on oscilioscope to determine 
the cause of malfunctioning. Make a trapezoidal check of 
modulation percentage to determine whether lW% con be 
obtoined. Since some distortion i s  normol, the trapezoidal 
check car. be used as o iiilgh check on linecrity by deter- 
minino whether the sides oi the wttern ore strainht and o h  
serving thot the pottern expands equally on both sides of 
the crnrier line: ntherwise: ?he psitiwe and "votive peaks 
ore unequal. 

If you are unable to reach the 100% modulotion mark, 
reduce the imding and see whpther t h ~  peicentogr improvps. 
7,- .-- ,,-+, 3.u". "."-- i-A ,on nrM,,,-e tm .-- h ~ n h  ...3.. nn n p i i ~ r l m n r v  nn(l 

muie IL ~mpoaiioir iu obwirl tile p i u p  v u i r u i  :iulll i;~r 
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modulator. Under normal operation (no moduloyion) the 
tube must be drawing no more than half the maximum plate 
current possible in normal closs C operat;or,. 

Since grid drive determines the efficiency to some ex- 
tent, reduce the drive and see whether the percentage of 
modulation improves. It will probably be found thot there 
is o point of minimum grid drive ond minimum loading thot 
will produce a completely modulated signal. At other set- 
tlngs the output may be greater, but it will be impossible to 
obtain comolete modulotion. Use the lower outout, since 
loss of modulation vories os the squme of the modulotion 
factor; thot is, 25% loss of modulation is octuolly a 50% loss 
of usoble power, ond con be thedifference between being 
heard ond not heard ot all. 

Low output caused by lock of sufficient drive will be 
indicated by o flattening of the positive peoks because of 
inability to reach full peak power. Lack of sufficient filo- 
ment emission can olso couse 1 similar condition. 

Distorted Output. Distortion con cccur from a number of 
causes, and i s  easy to detect when monitoringoudio modu- 
lation. Overmodulation will result in o chopping off of the 
carrier, with carrier shift, causing excessive distortion ond 
severe interference at stotions within o few hundred kilo- 
cycles of the cmrier. Since in screen-giid modulation it 
i s  necessary to drive thescreen negative to obtain 100% 
modulotion, it i s  to be expected that o large amount of dis- 
tortian will occur on the peaks. Fa uundistorted output, the 
screen should never be driven negative. 

Because of the constantly varying load, the speech ompli- 
fier producing theaudio modulation will contoin excessive 
distortion unless swamping resistors are used to load the 
modulotion transformer, or unless negative feedback is 
used. In this event, using an oscilloscope to determine 
linearity between the input ond output siqnols in the modu- 
lator will quickly locate any excessive distortion in those 
stages. (Refer to NAVSHIPS 900.OW.103, Test Methods 
ond~~roc t i ces .  Basic Measurements Section. . ~ r  oscillw 
scope connections and wovefarms.) 

Although screen-grid tubes provlde sufficient grid- 
plate isolation, so that neutrolizing is unnecessary, it is 
possible that at the very high frequencies self-oscillation 
con occur in the r-f stoge and couse distortion. This i s  
particularly true if parts hove been replaced and the lead 
dress has been disturbed. The characteristic fuzzy pat- 
tern (on an oscilloscope) produced by oscillation will 
quickly reveal this condition. 

Inobility to obtain full modulation can be due to the 
lock of filament emission in the r-f stoae, which will cause > .  
flattening of the positive peaks and a consequent incrwse 
in distortion. This condition con be seen on an oscillo 
scope, but it will not normally be revealed by meter indico- 
tions, except by o gradual reduction o! plate current over o 
long period of time. A similar condition con result from 
drying out of electrolytic filter capacitors in the powa s u p  
ply, but it will usually show a s  hum on the carrier before 
the loss of peuk current and voltage causes noticeable dis- 
tortion. Such conditions me not apparent unless an oscil- 
loscope is employed to monitor the waveform. 

TRANSFORMER-COUPLED P L A T E  AND SCREEN MOCU- 
LATOR. 

APPLICATION. 
The plote and screen modulotor is employed a s  b high- 

level modulotor far screen-grid tubes (tetrode and pentode) 
in applications where the simplicity and fidelity of plote 
modulation ore desired. 

CHARACTERISTICS. 
Varies b t h  the plote and screen voltages to achieve 

modulotion. 
Requires a modulator power equivalent to 50 percent of 

roted carrier plote ond screen power. 
Operates ot a mnstont efficiency of 70 percent or better. 
Provides mmimum carrier power for o given tube type. 

CIRCUIT ANALYSIS. 
tsns.ol. The plate and screen modulator i s  practically 

identical to the triode plate modulotor, except for pmvisions 
to occommodote the chunaes coused bv inUoduNon of the 
screen grid into the tube. This type of modulator i s  not o 
iawlevel form of modulator; instead, it i s  o hiah-level con- 
stant (high) efficiency type of circuit. The modulotor itself 
must furnish the 50 percent additional power required for 
the production of the sidebands. The modulated 1-1 stage 
must olso hove o power supply capable of supplying the 
additianol power for the screen circuit, or have a separate 
screen supply to furnish the power for the screen. Curing 
sine wove modulotion the plate voltage and current me 
doubled to provide a peak power of four times normal, ond 
the overage power i s  increased to o maximum of 1.5 times 
normal carrier vdue, thus providinq the proper conditions 
for 100 percent AM modulation. The use of the screen-grid 
tube, with i ts low grid-plate capacitance ond shielding 
effect, reduces the internal platetogrid feedback, minimiz- 
ing the possibility of self-osciliotion and the need for 
neutralizing circuit arrangements. The increased sensitivity 
of the screen-grid tube also permits less excitation and 
driving power to be used a s  compared with the triode. 

Circuit Ope.-tion. A simplified diagram of the basic 
tronsformer-coupled plate and screen modulator is shown in 
the accompanying figure. The ef modulator stoge i s  
represented os o block, since it may be ony one of o 
number of audio amplifier combinations a s  Long as the 
proper audio power output is obtained. Likewise, the r-f 
output s t q e  i s  also represented os o block, since it may 
consist of ony arrangement of tubes to produce the desired 
corrier output to the antenna. ' h e  1-1 stoge is olways 
biased so tho1 it operates as a closs C omplifier. 
Since class C operation requires twice the cutoff bias, a 
separate bios supply i s  usually used, with supplemental 
bios from grid drive through a grid leak. The total bias i s  
a combination of the two types. In cose of failure of grid 
drive, the fixed bias provides o protective bias to prevent 
exceeding tube ratings and consequent domoge to the tube. 
Thus for in the discussion the plote and screen modulator 
is identical with the plate modulator. The difference lies 
in the mmner in which the modulotion i s  achieved, that is, 
by also modulating the screen voltage. There me three 
basic methods used; each will be discussed in the following 
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$ P P P P a l ~ ~  
R-F INPUT 

/ R-F STAGE I 

Basic Plots and Screen Modulator 

porogrophs. For  the p resmt  i t  su f f i ces  to soy that bath 
the screen and plote voltages are voried from zero to twice 
n o m d  to accomplish the modulation exactly a s  described 
for the plote modulator discussed previously. 

Screen Voltage-Dropping Circuit. Since Lhe Screen volt- 
a g e  i s  always much lower than the plote wltoge,  i t  i s  neces- 
s a w  either to provide the screen w i t a g e  from n s e n o ~ n t e  
power supply, or to obtoin this  vcltoge f i o x  the plote s u p  
ply by m e m s  of o se r i e s  dropping resistor. By for the 
simpler method, although somewhat wosteful of p e r ,  i s  

the u s e  of a se r i e s  dropping resistor, os shown in the fol- 
lowing figure. As can be seen from the illustration, the 
screen voltage is obtained by c se r i e s  wl toge  dropping 
resistor (R,,) connected t o  the plate  supply. The screen 
r u r r m t  throiqh this  resistor produces sufficient voltaqe 
drop t o  lower the plote supply wl toge  to the proper v d u e  
ior application to the screen. The  actual  screen vol:aqe 
ot a l l  t m e s  i s  the supply unltagp m i n ) ~ s  the drnp n r rnss  thp 
resistor (E., = Ebb - IRac). 

A s  s h a m ,  the r-f giid excitation i s  cqoc i t ive ly  coupled 
throuqh C,, m d  grid drive bias  i s  obtained through 3,, 
supplemented by fixed negative bias. The  rfc isolates  the 
r-! drive m d  prevents i t  from feedinq bock ;hrou$ the 1'1' 

supply or from sho:tinq to qroand, while C1 p:ovides m r-! 
-L. ._,  tn rm.l..A in, ".,. rnmnininn ?i ,".hi-h lnnb u, , - , . .~"  ............7.. ~ 

the ric. 
The  suppiessu: qri? i s  shown supplied with, ; s a c l l  

positive bios and shunted to qround for ri by C2. This  . 1 - .  . . , " , ,  Ic b" ...,--.. u.. ..... ...., -""" " ," .,?- -. 
tetrodes (s ince thev do not hove o suppressor qrid) it i s  
nonexistent. In beom-forming screen giid tubes it will be 
the beom-forminq plates, on2 will be connected as recon- 
mended by the tube monufacturei. In other types of pentodes 
the suppressor m3y be internally or exteinolly connected to 
the cathode directly, and C2 i s  not needed. In those types 
of pentodes which require it, the suppressor canneihan 
will appear as shown on the schematic above. In this 
instonce the slight positive bios i s  added to enhance the 
shielding effect of the suppressor a t  low plate voltages, 
and i t  a lso prevents the scieen from intercepting any sec-  
onflory elect ions and acting os o plote. At almost zero 
voltage, m y  electrons will be attracted to the more posi- 
tive suppressor and returned to qround. Thus zero pint- 
current i s  possible with c: sharper cutoff than when :he 
suppressor has  a negative potential applied. The  screen 
qrid voltage i s  obtained from the plote voltage source 
.L L .. ..I." - i.-" '"" .-s's+o. U ..,. .,, ,,. .. .-.,-q- U . U ~ ?  ..,, .. . . . .16C SSDCSSI)? h7 
Z j  and C4. Zapacitor Cj oiso insures lnur the sclren i s  
ot ground potential to if, permitting only d c  or the relative- 
iv iow-frequency modulation components to vory the screen 
voltoge. Copocitor C4 i s  the convention01 ser ies  p l o t e  
fen! bvocss  cooocltar. The secondorv of T1 i s  connected . . 
in ser ies  between the ploteand-screen power supply, with 
the r f c  ijoloting i t  from the tank circuit rf .  Capacitor C4 
a l so  insures that an" if which miqht leak through the rfc 
i s  shunted tn ground, nn l  i t s  ipnrfnnrp is h i&  tn a i l l i r  

!ieqserc!eF !r ni.ior to p-v-"t ioss  oi  n i i n - i r ~ l u ~ n r y  - 
response. ! . ~ e  corwni!onoi tank camvonenrs. C on6 i.: 
..- , .ncu;r::.e:y couplet 10 me ~ 3 ~ 0 .  ~ n e  3~310 OUI:\CT i10- 

the modulotoi appears ot the s e c o n d a v  of 71, and i s  added 
rc or suotroctea tiom me appllea o-s piate voir3qe (3°C 

strem voltoqe) to produce an instontoneous effective plote 
z-.oe? .,n,. "-- ... " r.p< ." "p"q.",q-e ,v." r *p  

\",," -,,, .u..-3u ., ... .... 
moduiotion. 

Corsider now one cyc le  of opeintion. At the r e ~ t i n q  
condition, with no modulation, an unmodulated carrier i s  
;rodcce?, 213 the gppli~.d p l l t e  ~ n l  siieen i.oltclqes 3i : k t  
iinlr consis t  of only the 11-c camponen; from :hi p o h i i  SUP- 
r.lr A s  h e  ma3~1c:ior, ;$ s t ~ r t e d ,  a s s i x i c q  G s i r e  +c<e 
" m y a a i n "  irnm zero i"rnll"'n i h ~  !msi,ivc " i r i i - r y r i r  in r  

.,.,,,,," ,i,,,, .,,;, ,,;,,; ,,::;,i ;:;;... :,; ;:;.. ;; t . ,  



ELECTRONIC ClRCLllTS NAVSHIPS 900.oOO.102 MOOUUTION-AM 

cositive s lc te  an-! screen valt::7ei, 2nd "0th -,oltoqes ore 
incrensei.  The fallowing il!u:trstion shows t,ow the plote 
314 n~odulntior. voltaqes are ::>-Sine1 to fo:x the comoasite 
mstzntcneous ?lcte vo:tlr;n. (The screen ~ l t o q t .  i s  ~ 1 %  
modulotej siriin;ly.;  Slnce n r rs is to .  1s not hequency- 
sensitive, eql;ai v o l l l l e  i m p s  ?CCU: I ~ C ~ O S S  :nD sc:een 
-iropplnn resistor iiir nil 2ul lo frequencies in the ~ o d u l s -  
tion: !bus the sr.:een . JOIIZ~C i s  cropped lir!tgr!y m d  i s  
o l s r  i n c r e a s ~ d  I:nn3rly with -es?rct  t c  the modulation siq- 
nol. k t  the positive a rck  of modulotlon, the plnte voitrlqe 
i s  twice norm01 and the screen ,ioltnqe is somewkern be- 

Combining of Plate and Modulation Voltages 

tween 1.5 to 2 times normal, 5 ~ r e n C i n g  ~ p o n  the screen 
current (usilally zroun? 1.5 times). !: co;~ be seen tilot. 
s ince the d-c screen voltzge i s  increased by the addition 
oi  the instantaneous modulution component, the some 
result is produced ns in screen rodulat ion;  !hot i s ,  the 
piste currect i s  increased. Because the plnte voltoge i s  
a lso increased simultaneously i r d  the c l a s s  C output i s  
proportional to the square 31 the plllte voltage, t+e  plot^ 
voltoqe also tlelps to increase the total tuM current. 
Secol l ing from b s i c  theory that the screen vo!toqe deter- 
mines the plote current much more thun the plate voltuqe, 
it can be understcod that variation of plote voltaqe oione 
would not produce 190% modulation s ince  the tube current 
would not incresse sufficiuntly on the peaks. (For an 
unmoduloted screen, obout 90 to 95 percent i s  the hiqhest 
modulation o ~ ~ i r c l b l e . )  Trrur it 1.; clear tt,ot vurictioni; of 
Soth the plote voltage and the screen voltoge combin? to 
produce the 120 percent modulction c3pobillry. 

A s  the  m d u l a t i i n  prcceeds toward i t s  neqo:ive half- 
cycle, both the screen val tzqe and the piote vcltoae >re 
reduce:, 3n? tt,e plnte current follow;. n:us 3: :he neq* 
live peak [the traujt,) of r.odi1l3tion the ?!ole voltole i s  
i!molt 7.el0, ~ r l i  so i s  :h+ screen v51tolje. A:tu~lIy to 
u w i d  excessive screen dis i ipnt ion,  the plote v o l t ~ q e  is 
never driven below the screen vo!tcgz. In this  case, s ince 
the screen voltcge i s  obtolned from tt,e plate source throuqh 
o dropping resisto:, !ile screen voltaqe is olwovs lower 
than the plute voitaje; thus i t  i s  proctic3lly impossible to 
drive the plote vo l t a l e  :o zero, cxcep: if the screen i s  
driven nergative. 'Aith n e m t l v e  screen ?rive, njn-lineoiity 
cmJses distortion, so thnt no;molly the madulatlon i s  ~ d -  
iuste? !o j , m  keep from :!;lv~nq the screen o e l o  z e r .  
Normally, the plot? curren: 1s reduced to 3 valse  necr zero, 
and full .nodul2tion ::on zero to :,(.ice norma: plate current 
ond voltage r e  obtained. T n e  penk 2ower i s  four tl?.es the 
normal cnirier voiue, and the n,,e;-qe p w e r  increases sup 

plied by the modulator i s  1.5 times namcl ,  or 50 percent 
of tine rated carrier power. 

Separate Screen Supply Circuit. 'The second and more 
compllcoted method of supplying screen voltoge, but per- 
hops the more mmmonly used method, i s  t o  supply the 

~~ . 
screen voltage from 'l s ipora te  power source. This circuit 
i s  shown in the 3ccompwying figure, and i s  seen to k 
identical t o  that a1 the ?lot€ ond screen modulator just 
discussed,  except for the replacement of R,, with choke L I  
3nd o separate  screen supply. The screen power supply 

R-F 
INPUT 

E 

- 
ECCI ECCZ = + A-F 

GEN 

- - Ebb 

IXMTR)  

Plate-and-Screen-Mod~Ioted Pcntode 
wi th  Stprate Screen Supply 

need only supply a fraction of the plote power. Most s c r e m  
q i d  tronsmitunq tubes u s e  from 250 to 750 vol ts  on the 
screen, with a plote voltoge of 1000 to 4000 volts. and 
screen dissipation runs from 5 to 10 percent of the plate  
dissipation !or high-power tubes, to 10 to 20 percent for 
low-power tubes, or o maximum of a b u t  50 watts for medium 
power transmitters. This  screen power supply provides 
only 6 c  voltage; therefore, some provision must b e  mode to 
increase and decrease thc screen v a l t q e  in accordance 
with the modulation, to control the plate current. Such 
cction i s  produced by the choke, LI, placed in se r i e s  with 
the screen I ~ a d .  From basic  theory i t  i s  known that the 
electiicol inertio produced by the field around the choke 
tends to prevent a chcnqe in the flow o f  current throuqh 
the choke. When the current ceoses  or reduces, the mag- 
ne t i c  field col lapses  on3 tends to produce o voltaqe from 
the choke which will keep current flowing iq the some direc- 
tion. To do this i t  i s  evident that the voltoge produced 
must be of the same os that applied originally to 
the choke. When the modulation siqnnl goes positive and 
increases  the plute voltoge, more electrons a re  ottrocted 
to the plote and l e s s  to the screen grid. That  i s ,  the total 
s p a w  current rrmains n b u t  the snme, but 1h.e current dis- 
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M u l t i p l y i n g  F o c t a r  P l o f e  Current  V o l u e  (3 /2)  
.25 ,125 

If the screen voltoqe exactly follows the power low, i t  i s  
only necessary to vary the screen voltoge to about 1.6 times 
normal to double the plote current. Likewise, i t  i s  only 
necessary to reduce the screen voltoge to o b u t  1 5  percxnt 
of normd to obtain practically zero plate current. i t  con be 
understwd,  then, why i t  i s  not necessary to drive the 
screen t o  zero and twice normal in order to drive the plate 
voltoge m d  current to zero and twice normal. Thus i t  can 
be seers thot the previous statements ore not exoctly true; 
however, s ince  the tube does  not exactly and always follow 
the 3/2 power low, i t  is not possible to make a more exact 
statement ond be completely accurote. It  i s  probably more 
accurote to s a y  that the screen grid voltoge i s  varied suf- 
ficiently to insure that the iull plote current flow of twice 
normol i s  possible  on the p m k s  of modulotion when the 
plote voltoqe i s  increased twice nomol. Under these con- 
ditions tile requirement of o peak power of iour times normol 
for full modulation i s  met, m d  the tube i s  used to i t s  
fullest capability. 

Since the plote current does  not vary lineorly with 
screen voltage, i t  can  be seen thot varying the screen volt- 
oqe lineorly in accordance with modulotion does not produce 
distortion-free plate  components. That  i s ,  as long as the 
plate  voltoge and plote current do not vary exactly and 
lineorly with the modulotion, distortion exists.  Thus the 
screen qrid modulotoi inherently produces more distortion 
than the simple triode modulator produces, but with proper 
design this  distortion i s  minimized to a low value. A com- 
parison in this instonce i s  the distortion products given 
with a simple triode audio stoge as compored with pentode 
or beam tube audio stoge. In every instance the distortion 
i s  q e o t e r ,  but the increased power-handling capabilities 
and !ow grid drive requirement make i t  mmdotory t o u s e  
the triode arlly where the increose in distortion connot be 
tolerated. 

In considering the action a t  low screen m d  plate volt- 
ogps, the type of tube becomes on important ioctor. A typi- 
c a l  comporison of plate  current variotlon with plote voltage 
for two di i ferfnt  types of screen qrid tubes, and icr pentode 
and beam tubes, i s  shown in t h e  accompanying graph. i t  i s  
easy  to see that the beam ond pentode types of electron 
tubes hove much l e s s  vorintion of plote current a t  low volt- 
ages t h m  the screen grid type has. Thus, when a suppres- 
sor  mid i s  not included, reduction of plate voltage below 
the screen voltuqe produces undesired secondory emission 
e f f ~ c t s ,  ond con even cause  the plate current to go nega- 
tive (reverse i t s  direction of flow). Since on the trouqhs 
of modulntian (the negative wok modulation excursions) the 
p!ote voltoqe wns soid to be reduced procticolly to zero, 

BEAM PENTODE 

Plate Current Comparisons 

together with the screen vol;oge, i t  con be seen that some 
unwanted e f i ec t s  can occur. 

Consider iirst the beam and pentode tubes, s ince  their 
action i s  similar. From the groph i t  i s  clear thot the plote 
voltage can  be reduced to about 10 to 15 volts beiore the 
current changes appreciably ond suddenly drops off to zero. 
Thus i t  i s  possible  to swing the plote voltage lower than 
the screen voltage without any unwanted effects. The 
plote current, however, does not change linearly with the 
plate  voltage swinq. Theieiore, i t  i s  necessary to -iory 
the screen voltoqe in order to chon je  the plat? current in 
occoidonce with the modulotion, ever! thougin the plate 
voltage i s  varied. Because of secondary emission effects, 
i t  is clear  from the graph thot screen qiid tubes (?#a dif- 
ferent tubes ore shown) connot be used a t  !ow plate volt- 
ages. If they were used, extreme distortion would occur a t  
low plote voltoqes, ond, even thouoh the s n e e n  valtaoe 
were varied likewise, a similor pattern would follow. Thus 
the screen qrid tube connot be operoted w i h  a s  low o plote 
swing a s  the pentode ond beam tubes without excessive 
distortion. In considering the swing to procticolly zero 
voltage and current, i t  i s  evident : k t  in mast every case  
the swinq is to a smoll minimum voltoqe rather than octuol 
zero. 'hbrhether the minimum is very small or !uirly large de- 
pends upon whether or not the tube i s  a beom-pentode or 
screen-grid type. It i s  a lso clear that because oi  tile 
relatively high minimum plate voltoge on a screen : id  
tube, l e s s  usable output i s  obtained than for o s i m . u i  &am 
or pentode tube. 

I'rom a consideration of the smnll c h m g e  of plnte cur- 
rent with a large plote voltaqe swinq, os shorn in the pre- 
cedino qraph, it should olso be c l e z  thot the sireen-und- 
plote-modulated circuit functions primarily as o screen- ...";..,". ,. ...-- -' -:.- ... ... :.L .L- ..,-.* ..-, ...- .:.>:.. 
" ~ " " Y ~ Y L ~ Y  L y p i  "L L l l L Y l i  "iU, L l l C  pi",- " i l l Y , C  Y l i l l l l r j -  

ORIGINAL 



ELECTRONIC CIRCUITS NAVSHIPS 

Thot  is ,  while the screen voltoge changes the plote cur- 
rent, the corresponding change in plate volioge i s  in u 
direction which enhances the oction. 'Men the plate  volt- 
a q e  i s  increasing, so i s  the screen voltage, and so i s  the 
plgte c u r m t .  Tws the problem of non-linearity on negotive 
swings in !he screen q i ?  m~du!oto; is overcorre because 
in the plate-ond-screen-madu1ntd circuit the plots voltage 
is re.'uced I! the Same time- ?""erefore; it i s  not necessary 
to swina the screen neqative to get  complete modulation. 

FAILURE ANALYSIS. 
NO output. 1,nck o f  output should first Se i s o l o t d  to 

1 of t r m p l i f i p r  s t o l e  or :b,e modui:ltion signal 
i i r c r i " i ) .  Evec thmg"I50 v,od~!nt31 i s  opeinrive, no ---- .I- -- +--I. - i? - , , i t  7 chnrten n v  y s s y  eiectron t u ~ .  -" ". .- ........... 
or  lock of grid excitation to the 1-1 ampililer wl j j  produce u 
no-coriiei indic;:ion. OLsei-usion 3! t% e:-! p!c!e %men! 
meter wiil determine whether the piate a i c u i t  has  ccnl indty,  --' I -:- - L-. " ."^"i , ,  ". inr'i-"$in? wif' q :rrOnnl! *:? ..... ,,,< .. ........-....... 
wiil determn? whether sulilcient drlve, load, ana the pro- 
per bias exis t  for operation without madulation. Grid-drive 
mi!ei ; r , J i ? t i s n s  will S!SO SLICW whethe1 the proper r-f . . 
i r ive  exists.  ':(,en the tunn c a n  be resonated for a -;.:n~n~m 
iip : n l  then lode :  tc the maxinl~m plat? current with 
normol ?rid cu;isnt, rise t i o d t k  i s  in tne modulator c i ~ c c i t .  

Lock oi l i i  Jrivr p;cie5 :hi :;;jt!e in :LO exc:!~: 
s toges  of :he t r~nsmi t t e r  or ~n the coupling network to ihe 
final stage. Lack of plote current indicctes possible  power 
supply trouble, on open-circuited r-f stage, an open screen- 
voltoqe dropping resistor ( i n  some tobe types a verysmail 
3!11t11 ,:::I.Pv T W  =*lii iiowi, or u D,,ur te t  screen 3yrnss 
~rrpacitor. In tine chokefed  screen mcdulotor, M open 
^. -!.̂  ..... 1 2 . ........ rezc.,? scree? . i n !+?q~  ~r) .d  p r ~ v e n t  niote cur -  
! n i t  !:on. Ct;?!hise,  PIC^ .?:!;rr3i3e, 3ut 13ck of 
a s ~ i l t y  to ioad tomaximum piate  curret~t,  indicates antennc 
troujie, improper tuninq, or 3 de iec t i .~e  :rar;smisslon line. 

;";" .,,,,, -- "., ..' , . ""..'". b d ~  .... -xis!il<, - the  trngble i s  deiinirely in 
the auaio C I ~ C U L ~ S  or in h e  :r!dulu>iuil tr;irs!si;;ler, :f7, an? 
screen or piUte bypass capaiitzr.  

hlon transmitter plate culrent usuuliy i n i i i c t e s  shz::- 
circuited compments, a lock of proper bias, or irncroper 
Vlaing, while /OW plate  cwrent  lndicotes excessive :'i.:r. 
, 
i,iu:i :esistm:i. joints, IC?I !!:be r m l s s ~ o n ,  o: possible lu,?k 
a i  coupiing to the load. :,i:rc the cMvi r9naltion.i ark. 

'odicn*ed hy !b8e equiameit meters, o simo!e reslstonce 
, m n i l i r ~ ~ i  -n,?ri= ...... with tb,? power OFF and the high-voltapc 

.>1ptr  .y,u*"cn to. .o..ty r ; ;  i t l i ck i"  ;i:iiiirii.i i:,z :i::: 

:1ve ?.3".DC"IP"i S , .  

..... ... L O X  OU,~",. ! *cc ,:.1,:c. t ,  ..c *,.c,.,i: :LL !".. u. 

from lack o! sr;ffic;ent 3 d i 1 0  :rive oi !run 3ri i l c tu3~  i i d u i -  
,~ .~ 

1 1 ~  I "  !r!e pei icnicar  ..I '., ;;u;;tlu~i. :-u- . L~ .~~~ . . ,~ . ,  . 

~ s ~ ~ i l l ~  ia~;?r*i 2s lack u! i:lttiilent id-: odlpu:. 3 ~ 1  i t  . . ... - , - -  ---.. ..,..... r . . .  " .?ii,,. . , ~ , ?  ::., .... ;;" ,:<.,, . . . . . . . . . . . . . . .  

c,>il i;; ;;;:;, L;;";is ;:. 2;; :,,e*zt ;!:;?;. 5.7, 2s:i!:,> 
s a o e  is YI IN ~ I S P ~ I I I  :n determinina 1t.e cause  of rnoilunc- 
tioninq, s ince  tne wzie:l;;:r, l tsei i  n a y  k uirectly observed. 
L.-. . , , p!e, l i c k  t e s t s  of rnoid!ation percentaae, the 

LU.~a. h~\lef?: :~ is isei;! T+ *nvelope or *n.:iefor-, L L U P ~ - - : . ~  I 

ch;i.-, " ~ . e . : e : ,  *i.! .nsw pe:rz?!,qr 3: TOI!U:O~LCK~ and 
. . ,.... .- -.-.".,:*". .&,,* ;; :. ,,,,, ~,::., :,., ;,?* 

",>U ,,,.,,,-,,LC """C,",... -."~" ...-.., ... "- .. .- 
. . , . .- " . . , . ! - -  - --' -.:-- 

"", ... . . . . . . .  I ' I > % ~  Y / r  iL,,l,,l 
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of output m d  an inability t o  reach 100 percent modulation 
with the same drive. T h e  grid t i a s  can be checked simply 
with o voltmeter (connect an r f c  in se r i e s  with m e  of the 
prods). A reduced screen voltage is most likely of a l l  to 
produce a low output, usually with overmodulotionor dis- 
tortion, s ince  the plate  and screen swing will be excessive. 
Such o condition con be caused by too h w r j  a screen cur- 
rent causing a laige drop in the screen-va!!cge dropping 
resistor, by o defective resistor, or by o partially shorted 
bypass  copocitor. 

In the choke-fed screen circuit, o defective choke wili 
pievent :t,e obtaininq of complete modulotion and can a l so  
result in rejuced outpgt, as con a paoily soldered jcin:. 
Pheck the coil for the proper res is tance witin an oi~mmeter. 
A pnrtially shorted choke may aive the proper indicoticr, 
wnen measured wili, u d~ uiimmc:~r, bu: ;LC;: c;:;:: :d::1z 

.*ten o>e:otinq. Suck c conditio.~ wili usunllv be indicated 
by oudlble noise or distortion wheri tile s i :n~l  i s  monit-red. 

1 irk nt s\l!ilcient i~ lcment  emisslon cnr <:oust. il !idllril- 
inq a! the positive peaks, an0 lnabillty to o b t o ~ n  !51j percent 
modulation. Lock of ability to reach 100 percent moduiotion 
o t  h e  high f r e q i l m ~ i e s ~  while obtaining i t  a t  low and 
mezium irequencies, ,wa:lid i n i i m t e  a iipac1:i;e shul:::; 
by screen ii plot? bypcss  c ~ p ~ c i t o r s ,  previ3ed the speech 
amp!i!ier response i s  satisfactory. 

Dis:srtsd Outpot. 2 i ~ t w i o . y  rnr c r - r~ r  f , t i t l l  ;1 n l lnh ;  iii 
causes ,  m d  i s  easy  to detect  when mariilorinq audio rnii;u- 
lotion. Overmodulotion wil lcause a choppiiig ofi of the 
corrier (carrier shif t ) ,  producing severe interference t o  
s ta t ions operating near ine transmitter frequency, ond m u s e  
dlstortlon. 

In s t ages  operating on the some input and output i r e  
? :~eqc ies ,  there i s  olwovs the possibility o! slifficient 
!eejtack i r o r  piole t o  qrie !o cause ieii-w:iiiotion, n ~ r : ~  
severe distartior,, particularly on the peaks of mai:ilotinn. 
Although the !ow ploregrid capacitilnse (irir:i;r,q s f i t c t )  
?f  the scleen ond pentode tlibes makes this  ~ I m o s t  impos- 
s;::t, i t  jomeam;s --XI, cspecic!~.. .t t n r  h i m h e r  , -. .... . . - Y .  

frequencies, beccuse of poor loyout iind extemci  couplino 
between ine IS elements. Such acticln ccn ~accur, pa:icl- 
larly ofter part replacement and chmged  ieod i r e s s  i ron o 
repoir. %If-oscillation con usually be detects- c , ~ i i : i  r y  
11; characteristic fuzzy oscilloscooe pattern. 

; oe< o. -. .' - . . - , .-J,~,,,en: capuc,!J:>cc ru >ugp., <i,r *..̂  _.d". 

rzxiirements can occur tniough diying out ol ~eirc::oly:is 
filter cnpoci:ors, and cause  peak :lottenlnq ivlr:: it:: con- 

. . . .  
s5q"cr>: ,:i::Gy.i;K, ::;::>;, F,c,:;$,J%!, >:,?!, . , ~ ~ , ! ,  !:.! , ,  . ,L'  
. . . . .  ....-..... ; . < , " * , r :  o r - > ?  ".b n-,-c :::- m ,,IYII" , _ . I  - I  ...... ".. I__.-. -......... . . , .. . . . . . . .  " - . - h . ,  "".."- .."..."? ,Z:ZE ~7,- ~i ....... :-;, .: u.,.-:.z. .=  = ........ 
an oscilloscope is used to m0i:itor t ' ( i ! ? ~ m i ~ ~ i 3 n 1 ,  

. . .  . . . .  .............. ............. ." ... .. _). .... .<. ".. L u l l  . . . . . . . . . . . . . .  
slon in tne  r-r ;7p1~::rc W L I I , .  ;a; geus ~ L U I I ~ , ~ ~ , . ~ ~  ......A 
,.,r,:;,;e<::, ;e ,:;st,;::ia~,. 7,:: z2;, :::., .::.::~.? y. r,,:. ~, ,..- 
_, -,:,ti-;:; 'b,.. Lzck 3! =%!* t: :ecp.ln~ *^ hi )l. ?I'..i:!,"" 

peaks ana w a qoduo l  drcLnc in  irle piuis . . ; . ,c ,I~ iLud..ir 
over z iong per!& time. G n i i i  ns:z;! :r:~.!;:.cn; .;: .-: 
nmmerer wiii inaicote ~ " p r o x ~ i i i ~ r e i y  o ii peizr:.: i::c:c..hr 
i: :?m+p:ht mrrent 2 1  10n percent r?odcla:i~i. 
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TRANSFORMER-COUPLED CATHODE MODULATOR. 

APPLICATION. 
Tne cothode modulator is aenerallv emoloved for low- 

level operotion where the oudk pow& is limiied ond the 
inherent distortion of the wid-modulated circuit cannot be 
tolerated. 

CHARACTERISTICS. 
Varies the cothode voltage to achieve modulation. 
Operates a s  o combination plote and grid modulator, and 

con be designed to function either woy. 
Requires on oudio output of 5 to 50 percent of the r-f 

plate input, depending on design. 
Requires only half the normal r-f drive for class C con- 

ditions. 
Provides a higher efficienq thon the grid-modulated 

types ond lower efficienq thon the plate-modulated types, 
depending on the design. (For the 50 percent grid and 50 
percent plate modulation condition, the efficienq is 62 
percent.) 

Provides better linearity thon the grid-modulated types, 
and con be made equol to the plate-modulated type of cir- 
cuit. 

Can be used equally well with triodes, tetrodes, or 
pentodes. 

CIRCUIT ANALYSIS. 
General. The cothode modulator varies the voltaqe of 

the cothode to produce the madulotion envelope. since the 
cathode is in series with the grid ond plote circuits (and 
the screen circuit for tetrodes), it can be seen that chang- 
ing the cothode iaoltoge will effectively chanqe the voltoge 
of the other tube elements. By proper proportioning of the 
voltages, the injected cothode voltage can be caused to 
operote the tube in o form of grid modulation with relatively 
low efficiency, or to operote it in a form of plote modulation 
with high efficiency. Usuolly, the cothode modulotor is 
mode to perform a b u t  midwoy between these two classes, 
utilizing the odvantaqes oi each type. Thus, generalizing. 
it can be said tho; the cothode modulotor normolly operotes 
at efficienc~es an the order of 55 to 62 percent, 2nd re- 
quires modulotor (oudio] power of about 20 to 25 percent of 
the rated corrier power. 

As o result, more linear operation i s  achieved thon in 
other types of qrid modulators, with only a slight audio 
power increase being required to obtain it. As in oll forms 
of AM modulation, the plate voltoge and plate current vory 
from zero to twice normal with a peak power of four times 
normol at 100 percent modulotion. "Whereas the grid modu- 
lators vory the grid bios to produce a varying efficiency 
which develops the required power increase from the regulor 
transmitter supply, ond operate at halt f i e  tube capability 
with carrier alone, the cothode modulator operates somewhat 
like the plate mcdulotor. Thot is, the additional power 
required for modulation comes moinly from the oudio modu- 
lator, with the transmitter stoge supplyinq the remaining 
power by a voriation of efficiency. Since the cathode 
modulator is basically o half grid and holf plote modulotor, 
it forms a unique type of circuit. '?$hen operated mainly as o 
grid modulator it offers little if any advontaqe over other 

types of grid modulation, ond when operated mainly a s  a 
plate modulotor it offers practically no advantage over 
straight plote modulation for a triode; hwniever, with a 
pentode or tetrade it helps achieve 1W percent modulation. 
When operated between the two levels it does provide a 
more linear output with moderate eff ic ienq ond a modest 
audio power requirement. 

The r-f excitation requirements for the cathodemodu- 
lated amplifier are midway between those for plate modu- 
lation and for control-grid modulotion. More excitotim is 
required a s  the percentage of plote modulation i s  increased. 
Grid bias i s  always considerably beyond cutoff. Fixed 
bios from o supply hoving gmd voltage regulation i s  pre- 
ferable, especially when the percentage of plote modulation 
is small and the amplifier i s  operated more nearly like o 
grid-bios-modulated stage. At the higher percentages of 
plote modulotion, a combination of fixed bias and grid-leak 
bios con be used, since the variation in rectified grid cur- 
rent i s  smaller. The grid leak must be bypassed for oudio 
frequencies. The cothode circuit of the modulated stoge 
must be independent of other stages in the transmitter. 
When directlv heated tubes are used, their filaments must 
be supplied irom a sepmate transformer. The filament 
bypass capacitors should not be Iorqer than a b u t  0.002iif . . 
to avoid bypassing the oudio modulotion. 

The cathode modulator performs differently for each 
ratio of grid-toplate modulotion selected. The accompany- 
ing graph illustrates the manner in which the input power 
requirement varies. As can be seen, with qrid modulation 
alone the input power i s  about 48 percent of the normal 

PERCENT 
O F  

RATED 
VALUE 

PERCENT OF PLATE MODULbTION USED 

Input Power Variation 

plate power ior plote modulation. At the halfway paint, 
where equal amounts of grid and plate modulotion are em- 
ployed, the input power is just slightly more than 70 per- 
cent of the power for a similai plate modulator. This 
represents an efficiency of approximately 62 percent, as 
shown in the following groph which illustrates how the 
efficiency varies. 

Note that neither of the above graphs vories linearly, 
but that the following groph, showing the audio power 
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requirements, does vay lineariy. At the SGpercent plate 
modulation point, it  requires oniy a b u t  25 ue:ce:>t l i i c  
power from the iilodulator, as iomjaied .with 52 wrceirt 
f.Jr :";I n.,o dolati or,, T L  .- :. --. L. ---. .L.. i , , u a ,  1. LUiI uc .,cc;, *:,i;e 

P E R C E N T  
OF 

RATED 
POWER 

5UPPL IEO 
B r 

MODULATOR 

PERCENT OF PLATE M O O U L 4 T O h  l l i i V  

Audio Power  Yoriei ion 

. . 
nlqher eiiiciency i s  ohtoined iron rhe ci thoui  m d l i - i u i ,  . . 

X:UST p y  VdL <P.lb AL.~LL!Y t;, .cL:I;> d. du.., ?....t .. - d ? ~  
plied by the modulatoi. 

~. .......... ~. .:,.."e."e "rl,h o.>e,.....!... ,,,!,, , , ,?,.-,, :  ~ . .  .~ . . . ~  
c: ;unqe =; e!:;cis)c:; cs  &.; v8iL ;, : 5: Fz;:*l ~,: -:,-,,*: 

ior tire grid rc~dsiotor .  ~t 1s evlarnt t i l t  tne power ss ra lv  
i e g ~ i a t ~ a n  ;nc cuncct  hondiin; c ~ P c c ~ ~ - /  .nee3 riot zil s;  
stilnqent ar  nc !erne cs is requ?md !or >rid x.j~i;lint?nr. . . . .  
! .< o,,, . ra*9 "*."? - 6  -.-. nr,,p7 2 ,a .- ."?* -. .--,-. "-," .~. ......-....- ~. . . . . . .  
=I:ap*= ,< 7s",,70. - 5 ,  <,.  , i . r  ............ ....., r -  .- .uu..---. -, ........ ~~7 .~ - -  ....... 

. . . . . . .-.. .-- - . -  .. -~""" ,.,", ,,... ".",b .,,""" .A.u. .-" ..,-," ". 
. . . . .  . -- . , , , ..,,- ... -,. -" ", .". ... . . ~  . . . . . . . . . . . . . . .  ....... >. . ~ 

n:o?uiati?r is e-:$aye?, c S p e r c e n l  rr?J:lctlor :n ji:;ilrtlzn 
1s ~mmedlotely rechzell c l tb  m t p o i c  ,-ot?c!ctors. 

!:ien t ~ C e s  hlth inhrectl; tleateJ i t i c d t s  lye use;, 
the ~mte1<o!!.c4e k c k d ~ , < z  .!2!!7<5 !i=:tz F.? ? . ~ . Y ~ Z ' ~ T  

inctnntn,-,,, .,nlt,,, % h i +  rrn.r  be ~ ~ ~ i i ~ i  ilrlnr- mni,l. .............................. ., rr..u- ............ .- . . . .  . , izt!on. Ic [).is mse rle ?ewer e z c q e ?  :F 1011 x3 less 
m o d o i ~ > t l n ~  ,*)ti. T O T P  ~ r i 6 r h n n > l l ? t l n ~  I S  . I S P I - .  COT 

ii"i."" ,.,- mi nn:,i"r,n-.t "̂. ,"-^a . . ^ tn" i  " ^ -  ...y.. v" ...?...-... ".," ..,,- ",,." ...,,, ", ,"~,-- 
with directly hec!ei 7ithndes f f i l ~ m e n t c )  ore ~uir;. 

Circuit Operation. Tne ms:c m!n& ~ c 4 , l o i a r  ir lke 
Ic:ompanyin? ill~hstrotian is shown iusinq sine-wove nerlero- 
tcrs for ?cdi,z gp.6 r-! 9cr.r !?r iim>llci:y. I-. thr ?lluitrc- . t in r ,  ......... tilo .-.- L ' , . ~ : ~ . .  "1 ..u...~ -.n.: -... i.-n.r ..-.. -.*,- i d  ......"..am -i.r,..ci,.ent5 
L - 3  .. ,.,"- ,,,>,, t,eer, -,>Tit!+? jc,! >,;se af  p[e;er,t?t!Gr, L ;  c!.,: ..,,. 

" A  ' . : . - . . -.-" ". ... ..... --.-.. .- -. . - , -  - 
ea, an;: 1b.e r-f h i e  i s  sucp, that tb,e s taqe operntes os a 
;i,,:,tl" sGt"...te2 - ;.. .:<... ...... , . 

.r u i r u > s  ~ 2 ,,., >,,.,c,. ,I: :,<,'" sJ:Lr,Xe<;, .I 
, , . . 

,,JUdlG re:;;!:? :cr,-? -r),., ;,;1:,;,je s;,:V?s ,,? -p,ni-, , j - , ~  ,A*- 
. : . .  : . . . . . . . .  " ... ..^ ._..... . . . . . . .  ..... -:,, . . . . . . .  ........... . . . . . . . . . . . .  

3 convention01 1.C tnnk c i rox t  i ~ c s c t i v e l v  W J P I P O  to the 
locd. .rile output of the acdic K O - L ! ~ ! ? ~  i s  !rgcsiorner- 
ccq!ed :z ::.s cc::,~de c i rc~ ; ; ,  zc: ;s re5reser.t2.; by. the 
3'1dl0 qeneidtor. A.s !be m ? u i ~ > t ~ c r  occgis, ,?ss#mlna : 

, , sine .fi,:.,. ?c,: r;ie,-. ry ;.- ".'.. -.-, - -- " -. - -  
, A  ,,.. >. -, .L,,.,.. < .,. . ,.. ,, . 

. L .  ....... . ~ ~ #  ,:,r ,,U<,#,,,,+. , ~>?d& :i P ~ 8 > t '  ,~ , :c -  ,r: :: ,>, :,:,.:.,.:, , '  , 
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and so i s  the peak plote current, representing o peak power 
of four times normal and o moximum efficiency of 77 per- 
cent, which i s  equivalent to plote modulotion alone. At 
zero modulation (carrier condition), with the circuit opemt- 
ing halfway between grid and plote modulotion mnditions. 
the efficiency i s  about 62 percent. This represents almost 
the moximum efficiencv obtainoble from arid modulation ot ~~~ ~ ~ 

the pwk of the modulotion; thus, it con be seen tho1 mthodt 
modulotion does provide fuller use of o given transmitting 
tube's copobilities. 

The modulating impedance of a cathodemodulated am- 
plifier i s  approximately equal to: m x E d i b  (where m i s  
the percentage of plate modulation expressed a s  o decimal, 
and EL. and 11, are the plote voltoge and current of the modu- 
lated amplifier, respectively). This modulating impedance 
i s  the load into which the modulator must work, iust a s  in . . 
the mse  of pure plote modulation, and i s  matched by proper 
choice of the transformer turns ratio. Tne schematic of a 
typical cothode modulator i s  shown in the occomponying 
figure. A triode using a directly heated (or filament-type) 
cathode i s  shown in the illustration; this circuit i s  some 
times know a s  o cent..-tapped modulator because the 

FIL 
Ebb 

..4 = 

Cathode Modulator 

modulotion voltage i s  injected inia the filament center top. 
Otherwise, the circuit i s  that of o conventional r-f ampli- 
fier, being biased to beyond cutoff by the fixed negative 
supply and by the bios developed across R, from the drive 
current. RFCl prevents the r-f drive from being shunted to 
ground, and Cl provides the conventional bypass around 
the bias supply for any r-1 that might leak through the 1-1 
choke. The percentage of grid modulation may be regulated 
by choice of a suitable top on the modulation transformer, 
a s  shown in the illustration (or by changing the d-c value 
of the qrid bios). Capacitors Ct form the mnventional 
center-top arrangement of directly heated (fihmentary) 
cathodes to provide rm electrical center top which prevents 
hum modulation due to unequal wltages a&ss thesides of 
the filament. The plate tank uses a split-stator capaator 
to tune a center-tapped mil,  which provides outef-phase 
voltages at the ends of the mil. Thus, a neutralizing 
voltage which i s  180 degrees out of phase with the normal 
plate-toqrid feedbodn within the tube i s  provided through 
neutrolizina capacitor C, (since both input and output volt- > .  ~~ . 
ages are of the same frequency), preventing selfdscilla- 
tion with the distortion which ocmmpanies it. The antenna 
i s  inductively coupled to the tank, and the tank i s  series- 
platefed through RFC2 bypassed by C2. Tne modulation 
i s  applied through the secondary of T I  to the filament 
center top of V1. It i s  evident, then, that a s  the modulotion 
signal i s  applied to V2, considering a sinewove input, the 
voltage at the semndory of T I  varies first to a positive 
maximum and thm to a negative maximum, returning to zero 
a s  the signal cmses. With the circuit biased so that tube 
V1 i s  not driven to saturation, but just to the point where 
saturation will begin if driven further, only half of the nor- 
mal r-f grid drive i s  needed, a s  mmpared with full plate 
modulation. 

Consider now one cycle of operation. As the modulating 
signol increases in the positive direction, an increasing 
positive voltage i s  applied in series with the cothode. 
This cothode voltoge i s  instantaneously added to the fixed 
bias and to the bios produced by r-f grid drive (through grid 
resistor R,). The result i s  to increase the total effective 
grid bios by the amount of the modulotinq signal. Con- 
sequently, the instantaneous plote arrent,  i,, i s  reduced. 
At the some time, this cothode voltage i s  in opposition to 
the applied plate wltoge, and reduces it accordingly. With 
a lower effective plate voltage, the plate current i s  still 
further reduced. This action continues sinusoidally until 
the modulation peak i s  reached, which corresponds to the 
paint of olmost zero plate current (if the plate current were 
entirely cut off, the output signal would be interrupted). 
At this time the plote current through the load impedance 
i s  at a minimum, and the output voltage i s  also ot o mini- 
mum, a s  shown in the accompanying illustration. 

As the modulotinq simal turns in a neqotive direction 
the totol effective bibs is decreased, and the cathode 
voltoqe odds to the effective plate voltoge. Consequently, 
the instantaneous plate NrrRit increases. At the mm- 
pletion of the positive half-cycle of modulotion signal, the 
cothode bias (modulating signol) i s  zero, ond the effective 
bias i s  the sum of the fixed negative bias and the bias p m  
duced by the r-f drive. This i s  the quiescent, or resting, 
condition of the circuit where normal plote current i s  drawn 

ORIGINAL 



ELECTRONIC CIRCUITS NABHIPS 900,000.102 MODULATION-AM 

I=-EL-=I 
CATHODE WAVEFORM 

I I 

GRID WAVEFORM 

PLATE WAVEFORM 7 

Operating Polarities and Wavcfomr 

and only the cmier i s  produced. While this plate current 
is abu!  ?? percent hiqhei thm it would Se in the grid 
modulator, and represents a b u t  70 percent of the plate 
modulation ratin? o! :he tube, it i s  the normal value which 
i s  doubled ot the modulation peok. Therefore, additionci 
power i s  required when the modulation drives it above the 
corrier level. The increase oi corrier power above that of 
Lie y id  modulate; i s  obtained f~om the transmitter poser 
supply by a change m plate eific~ency. 

As the modulation cycle progresses sinusoidolly b e  
low zero toward the negative peak, the cathode bias i s  
further reduced by the negativegoing cathode voltage. 
Since the cathode voltoge is now in a direction to add to 
the effective plote supply, t5e instantaneous plate voltoqe 
i s  increased. lYith o reduced bias ond on increased plate 
voltage, the plate current is increased. At the peak of the 
cycle !he i n ~ t m t a n e o ~ ~  phte  current is !%ice the  norm^! 
(corrieri voiue. At thls tlme the  irop across t3e loot is the 
qreotesr, ann the octuoi plate voitoge reaches its m~n~murn 
vuiur, near zero. 'The minlmum voiue oi plate voltage [for 
triodes) is kept obove the maximum positive qrid swing at 
in15 point lo orevent excessive qrid alsslpotlon. ( I t  it were 
zero, the grid would act as the plate during this interval.) 
Unce me "eqafive boaui%iOn pexk 1s renchez, tne aXulz- 
tion s i g n ~ i  uqoin goes in a positive diieirmn toward the 
zero or carrier ievel. The cathode voltage i s  now goirg 
in the opposite direction ( incrmsin~ positive), and once 
again opposes the plate voltage, increases the iotol effec- 
tive Srid bias. and reduces Lle piote cunent. Thus we con 
Sny !he mC*<intion gqc; ef!ec:ive!i "L,"ca -.: 'L. , , a =  . Ute .-.,,..--. ---.--,-,... ~..,...~ 

L . . ~ ~ ~  iilc c r v i r t j v ~  VIYLE VUILUUC iild ~ u i ~ e i l i  un i'np !x=okn 

of modulation, md to almost zero on the troughs of modu- 
lation (the negative peaks). 

FAILURE ANALYSIS. 
No Output. Lack of iriitplit shoyld first be isolated to 

failure of the r-f amplifier stage or the modulator and speech 
circuits. Ever! though the  mod^!^!^: i s  o ~ e r ~ t i v e ,  CT. ope; 
i fc  oi ta~&k ciiiuii, 0 5ilulit.d ul gussy riniron rube, or lock 
of grid excitation to the r-f amplifier will produce a nc- 
corrier indication. An open modulator primary willpermit 
a carrier to appem, hut no modulation will occur, while m 
open secondmy will produce neither a carrier nor any modu- 
lotion. Observation of the amplifier i-f dote  current meter 
will determine whether the circuit has continuity, while 
iuiilrq Lul u i:!uii~~uar irdicution wiln u irsononc diu wiii 
determine whether sufficient drive and load and the proper 
bios me presmt for operation without modulation. Grid- 
drive-meter indicotions will olsa show whether there is 
proper r-1 drive. ';Tim Lie tunk con be resonoted for c 
minimum dip and then loaded to maximum plote current with 
o normal grid-current indication, the trouble i s  in the modu- 
lator or speech circuits. 

Lack of grid drive places the trouble in the exciter 
stoges oi the tronsmitter or in the coupling network to 
the final staae. Lack of plate cunent indicates pos- 
sible power-supply trouble, an opensircuited r-f stcge, 
or a defective modulotion transformer; if sneen grid 
tubes ore used, lack of plote currentcon also be due 
to on open sneen-voltage dropping resistor or a short- 
circuited screen bypass capacitor. 

F!i?b, t:onsmitte; plzte csrent i;s;~!!y indicates 
short-circuited components, a lock of bias, or improper 
tuning; !ow tronsmitter plate current indicates exces- 
sive bias, high-resistance joints, low tube emission, 
lock of sufficient r-f drive, a possible lock of suf- 

made with the power off and the high-voltage suppll 
grounded for safety usually will quickly determine the 
defective components, ,using the meter indications a s  E 

guide to the most probable location of the trouble. 
Low Output. Determine first whethe: the low output is 

due to lock of sufficient audio drive or to on octual 
reduction in the percentage of modulotion. Low modula- 
tion is usually coused by lack of sufficient audio c ~ t -  
",,, -..A L,. * L -  1. - ' - . - A  > --.. :-- - ."., ".." ..t"r ". La.. ,.a",, ". " L.""... ...,,,,q "f the 
w d i 3  gain COC:TO! or from trocble in the speect, amplifier 
stgqes. 4n oscilloscope skodd je  used to view the 
,.voveiorm to determine whether 100 ?ercent modulot~on 
i s  being obtoined. For quick, simple tests of 
modtjiotion Wrcentoge, the tinnezoldol woveform 
check is useful. The envelope or wave!orm check, 'low- 
eve:, hill show the percentage of modulation 2nd ~ l s o  
wovetorm distortion at the some time. so that it i s  
usually more useful. Too high o grid bios willcause 
o redllninn nf o!ltpur nnd nn i~hi! i ty  tn nhtnin !?? 
percent 10d1;Istion with the some r-f drive. The mid 
bios can be easily checked with o voltmeter (use on 
i fc  in sprws with tielest  prod!. A reiucei screen 
vnitoqe 1s mns! iiueiy ef zjl ic  s r e ~ c e  _c: je.: s c t q t ,  
Y~uI::~ nit;, uvcl:~juo'uiuuuri or ii1s1ort1on, since me 
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plote ond screen swings will be excessive. Sucn c 
condition ncy be caused by too h e o v  a screen current, 
causing o large drop in the screen-voltoqe droppinq r e  
sistor, by a defective screer voltzqe droppin? resistor, 
or by a partially shorted screen bfposs capacitor. 
Where a separate screen supply i s  used, the latter 
trouble i s  the most likely. 

Lock of proper tuninq can clso ccuse o low output. 
Too light a loading or t w  high or excitation will couse 
a flattening of the upward peoks of xodulation, os in 
grid modulation. The antenno looding nlust be such that 
a further increose in loading causes a sliq5t drop in 
mtenno current. For optimum performance, the grid 
excitation should also be adjuste: for ;-inlr,um plate 
dissipotion with maximum power in the antenna. The 
cathode current will be procticolly constant with or 
without modulation when the proper operating conditions 
hove been established. 

Improper load matching by the modulotion transformer 
will produce a lock o f  sufficient audio power, a s  well 
a s  distortion. Where tops cre provided, the proper top 
may be selected. Where no taps are provided and the 
load appears to be mismatched when checked with an os- 
cilloscope, the tube or the transformer moy be defective. 
Substitution of o known good tube or tronsform~r will 
eliminate these components irom suspicion. Lock of 
sufficient filament emission in the final clmpliiier tube 
c m  cause peak flattening, inability to ohtcin 1CO per- 
cent modulation, and distortion. 

Distorted Output. Distortion con occur from o number 
of causes, and i s  eosy to detect :vb.en monitoring the 
audio modulation. Overmodulation ,will cause a choppinq 
off of the carrier (ccrrier shift), producin~ seilere 
interference to stations operating neor the transmitter 
frequency, a s  well os distortion. 

In stages operating on the same i n p t  ond output fre- 
quencies, there i s  a l w q s  the possibility of sufficient 
internal plate-to-grid feedback to cause selfascll la-  
tions accomponied by severe distortion, particularly on 
the peoks of modulotion. When ti.is occurs with triodes, 
i t  indicates the necessity for readjustment and a check 
of the neutralization. hith pentodes and tetrcdes i t  
can occur ot the high frequencies, particularly if  the 
lead dress i s  chanaed after a reooir. Selfdscillotion 
can usually be recognized on an oscilloscope by the 
characteristic fuzzy appearance of the display. Plote 
current meter indications will usually be excessive 
and erratic when this condition i s  present. 

Lack of sufficient capacitance to supply the peok 
power requirements con occur through loss of filter 
capocitonce, and can cause peak flattening with conse- 
quent distortion. Usually, however, such o condition 
will be indicated by o hum on the carrier, or in the 
modulation, before the distortion i s  excessive enough 
to notice unless an oscilloscope i s  used to monitor 
the transmissions. 

A similar condition coused by lack of sufficient 
filament emission in the r-f amplifier stage will 

also couse peok flattening ond resultin? distortion. 
Sometimes this condition can be observed by noting 
the inability of the r-f output meter to respond to 
heavy modulation peoks, occonpanied by a qrodunl re- 
duction in plate current ieodings over o long period 
of time. Under normol conditions, the r-f ommeter ,will 
indicate approximately a 22 percent increase in output 
current at 100 percent nodulotion. 

Improper bias and drive conditions will also cause 
distortion, and usuolly are accomponied by o reductiar 
in output or an inability to attain 100 percent xodulation. 

SERIES MODULATOR. 

APPLICATION. 
The series modulator i s  used to amplitude modulate a 

carrier (r-f] siqnol )with m audio (or videa] intelll.;ence wltn 
a minimum of circuitry. 

CHARACTERISTICS. 
Uses two triodes connected ir. series.  
Has a wide bandpass. 
Is  critical to od]ust. 
Used aseither a t.igh-level or low-level modulator. 
Inefficient in comparison to ott,er methods of produclnq 

AM. 

CIRCUIT ANALYSIS. 
G.ner.1. Tne serles plote modulator i s  used in a-m 

transmitters where i t  i s  desired that the modulator stoqe pass 
a wide band of frequencies. Because of i t s  ~nherent wlde- 
band chamcteristics and relatively good qualify, the series 
modulator i s  employed prlmorlly i n  tilevlslor np~llcotions: 
however, beca~s? odlusunm.ts a:e c n t l c d ,  the Series 
modulator hasnot been wldely accepted for common usoge. 
Basically, the circuit consists of a triode modulator and a 
Closs C r-f amplifier connected in series usinq o conmon dc 
plote supply. The modulator triode nay  be connected in 
either the piate or cathode circuit of the r-f amplifier with 
operation renolnlnq basically the same, :eocrslesz of wh~ch 
method i s  employed. Only the catnode connected circult is 
discussed in detail. 

Circuit Operotion. A cornode mnnected ser!es nodulo- 
tor i s  lllustroted in the ocmmpanyinq s chmouc  dloarm. 

Modulator tube V2 is biased Closs A by catbade resistor 
R3. Capacitor C5 bv posses the catlloderesistor to prevent 

coupling ond dc blocking capoc~tor. 
R-f ompliiier ?1 is biased Class C by the series q r ~ d  

leak circuit comprised of R1 and C3. Transformer T1 couples 
the r-f signal into the tuned grid tank formed by secondmy 
winding L2 m d  capacitor C1. Capacitor C2 i s  the cathode 
bypass capacitor and prevents degeneration in the cathode 
and r-f from entering the audio circuits. C6 ond L3 form a 
tuned plate tank (load) for ?I ,  and L4 inductively couples 
the signal into the following stage. 

CHANGE 2 
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Series Modulator 

,,,. vrnen power is i r ~ t ~ c l l y  applled to the circuit no bias 
ex i s t s  on elfncr 01-tine ser ies  conr,ected trlece tdbes. As 2 

result,  plate current r ~ o d l l y  f l o ~ s  th~mqh.  tne tubes to YO!!- 

a g e  source, Eob. As the current llows ti.rougi. H3 3°C '$2 
voltaoe i s  developec across each component. ' h e  voltaoe 
dropped across  R3 b iases  t i e  modulstor Class  A so thct nc,: 
siqnu: urrivlr~c un r h e  uric: *I);; rip foitnil~iiy r e p m r i ~ ~ c ~ i  In 
.L U,E pl i t e  circuit. Ti;= :;lV;:r i:u;;;pS O C ~ O S S  i i ~  io,?ili?trri 

~. 
cuk.e, ';I, pPJiect> :7,e :-I J!:!>,,!lPr LP. tp.e +,,,en1 I-: 2:1,;? 1s 

lost  because oi  failure in the osciilator or multipliers. It  
w i X  oci.eikiui ro rerneii:oer mat placlna o W S ~ I I V P  potent in^ 

on the cathode i.os the scme eliec: as plocml on equally - 
!~rgut!vr prlterricl rc Ice ::I?. t o r  t% ~zllm::!r,q ~:sxs~.::, 
oisLmr  atno no a l ;~ i c  . . . ~ < ~ : ~ t ; , . ,  ... IY:LII-,C la . -  ~ p p l l s  to t t r  

grid of V2 and plote voltage iernnine re!atiiely st&!e. 
R-1 s iqnals  orilvino from the osc~ l l a to r  lor mul t ip l i~ r i  

sto?? grc I-presse! across  L!, : te 3::?.cr, ::.in?:::; c! Ti. 
n, signals a r e .  , ~ U , , ~ . U , , . , ~ ,  - - - r  iuuyled -- .- i i t o  the s e c m i ~ r y  !unci 
*"-k '"- A L.. ,.: r - ..: .. .".. .",,,, e ,  ," ,,,,,,L~, iL I ~ u ~ ~ ~ ~ ~ : L u I  C i .  7 - ~ T V I  T-1 
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i s  tuned to the desired 1-1 frequency by C1 which 1s variable 
over o short range. 

On the positive excursions af  the r-f signol the grid is 
driven positive. Grid current flows and C3 charges quickly. 
As the signal swings negative, grid current ceases to ilow 
and'C3 begins discharging through PI developing o negativ? 
voitoge which :s applied to the ;rid. Uischorqe time i s  
much slower than charge t ine  becouse oi  the large grid leak 
and consequently, the charse or. C 3  is not corr,?letely dis- 
sipated before the next positive excursion of the r-f signal. 
The cycle repeats i tself  and eventually, after a few mare 
cycles ,  the voltage opplied to the cont:o! grid s t ch l l zes .  
n u s ,  the tube i s  now b ~ a s e c  by ti.e ?rid leak isiqnal) 3i3s 
on the control l r l d  i n  n i41t lon in I n n  h n c  unltnni rly:!?ar! 
to ine  coinade. The sum oi the voitoqe applied to the cath- 
d e  and control ;;;d c! '/I Lioses the t a t e  C!ois C (below 
cutoff) s o  that only the pasitlve peaks of the r-I input siqncl 
: ~ s , i l t s  il PI-.!* ?:~irrm! !!n.*.; th"e!?re, $c!e CIAIIC-: i:-. 
broken into pulses a t  the sigcol frequency. Capacitor C2 
by-posses ony r-f plote current "orlation in the cothode to 
ground ond prevents degener3tlar, zifects. The  parallel 
resonont tann iorned by C6 and L3 oscillates (flywheel 
eiiect) every time a pulse i f  current i1ov.s in the picte i;r- 
mi!. Hence, even thouqll p l ~ t e  current flows in pulses, 
tank c ~ r r e n t  flows for lire entire cycie  an6 a ilnear slnp 

wave o t  the resonant frequency i s  transformer cocpled into 
L4. 

The precedinq discussion describes the operation of 
the r-f amplifier with, no nodulotion siqnol opplied, cnd if 
operotion was l i m ~ ! d  to this cii?,ri!ic?. zc  !?.:a!!j;c~ce ?c:;!? 
be trmsmitted. The  followinq discussion concerns operoticn 
when m d ~ l a t i n q  s ignals  ore applied. 

A modulctlng s ~ g n o i  from the flno! speech (or video) 
ompliiier i s  r-c coupled throuqh c o u p l i n ~  copocitor C4 
onto the grid of V2. R2 i s  the grid return resistor and pro- 
vides  a low irtpedunce pot? for dc revxz cxren t .  ,As tb,e 
positive h a l f ~ y c l e  of the modulating signal i s  applied to t h e  
a i d .  V2 b ias  is decreosec ar.d the cathode current thiouah 
$2 ,"creases. Consequently, V2 plzte vcltagc dcc:m;ci. 
Decreasino the plote s.sltcae of '12 is the snntc ns Lecreasina - .  
Lbe ..- .--- -' "1 '-. ..,. .u!Luy= uL v L  i a l n i i  t i t h  tdbes ore in  ser ies)  oni, 
in e f fec t ,  redvcec ti.- rntbn-!. i!ns !n- l!! t? -.-,;~.i ,. -- 
that conduction in V1 i s  increased; this r ~ . c u l t s  in ie,vin!3p- 
in2 c l  ir.c~c:sid ad tp i t  zsiiss 1t.e p h t e  :,x.d ~(:rsonar.: tank). 
C . ~  ~ , ,,: ,..!.. 1,' ,>.:.',, ,r, ,",.,," ,.,- "1 " ..., ".. n".mi:. . *L^  

~ .........--~.-....-.....-.u,,,,,. " ....,. ,,., , , , r  

Dpw~l tL  ( : j j C C .  . .eke- . r.U~r, in3 tne 3 u t p t  acrobs !he =+:TO 
IU"A A*-. ," . "" " L L , C " S ~ S .  

iience, ir. 1k. i~ a?pllsotlor, tne p!cte v~! t~ : i i  ~ Y T ~ C S O S  

t o r .  : : , -  - , - 3  , . . , ... ,, . . ~. . , " . . , - I . .  . .: 
?-., L -  ,-..> -.., ... c u-ry., .Z!LZ, 2k, "1 ;.,LC>- 

curl o!~!put. I ' n l k c  o h e r  -.-l,il3tars, -: >?!+-?:- l~':.-l:c: 
tones pioce 6uue to tne oss?nce ot ,7 r e a c t i v ~  el-nr?! !irA.r- , + L  : 7. . - :  .L. .. . ,, . .-., ... ..-.. -..--... ...".L"b, >.,r L,,L "li,s,,,,,,":,y dJ- 
juste.: so fu l l  zcrrier 3Ctp2t li ojt3i- .,,& A ... ".. :t- ., i - 1 ;  ,.uAL .' Lne 

1 , . .~~  ..I. 7 aurr~y v u ~ ~ u g r  c r i l l c d ,  sa ?!lit sr;lrigin,; i r  irom zero to t t e  
full supply vql.ie :5 the scne os dcutlinq t b . ~  vo!tc ,~e in 
other tyses :f 7:2?~i;t::;. 
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If the maduloting sign01 i s  oi  su f f i aen t  cmplitude to 
overdrive '41 into saturotior, a loss c f  in!ellljence (chppinq) 
results for the penod of time t ie tube 1s in saturation. 
Hence, tronsmitters a re  usuc!ly e q u i p p d  with a mad~lmtor 
gain control to insure thot the modulotinq slqnol does not 
exceed desiqn limitations. F r o 3  bcsic  theory i t  i s  known 
thot when two s iqnals  ore in lec te i  s imultaneo~sly into a 
non-lin-or device, new frequencies a?peor in the output. 
When the r-f and modulator s i q a l s  ore injected into V1, which 
isoperotel; os o Ci,=s; C ( n o n - l i ~ r a r )  r-i nnpllfler,  (whose 
outaut varies cs the smn:e3i tne  m01:es o i ~ t e  voltone) tim 
additional frequencies oweor  in the output; namely, the sum 
and difference ireourncles. In t ronsni t ters  these "nev?" 
frequencies are referred to as upper and lower sidebands m d  
represent opproxlmotely 1/6 of the total power, per sideband 
with 2/3 o f  the power in tile corrier. R e  sidebands contaln 
the same modulation cs the carrier and in some transmitters, 
such os slnqle-sldcband ( s sb )  and dauble sideband (dsb), 
the sidebands or? transmitted in preference to the corrier. 
However, in this instance the corrier and two s idebmd ire- 
quencies a r e  selected by the tuned tank and coupled into the 
output c i icul ts  by the tronsiormer oction of T2. 

FAILURE ANALYSIS. 
NO Output. A loss of r-f or audio siqnol will result in 

either a no output or unmoduloted carrier condition. Use on 
oscilloscope equipped with a high impedance probe t~ check 
the r-f (across L1) and audio (across  input terminals) siqnols. 
If either signal i s  absent the modulator will not function 
properly, and the absent signal must be secured before 
further troubleshoot~ng i s  accomplished. Next, check each 
tube element on the base of the tube socket for correct 
operating voltages. Check the bias  voltaqes carefully 0s an 
abnormal bias voltage may c a u s e  erroneous readinqs on the 
plate elements. If voltoge are abnormal, use  an ohmneter 
to measure the dc resis tance of R3, R l  and i n d ~ c t o r s  L l ,  
L2,  and L3 olso, u s e  on incircui t  capacitor checker t o  check 
C1, C2, C3 and C5 for a shorted or leaky condition. 

Weak or Distorted Output. A weak 01 distorted output 
will be caused by: weak or distorted Input signals; inpro- 
per bios: improper power supply voltoqes; defective tubes: 
or  improper tunlng or ioad~ng  of the grid or plate tonk. 

DOUBLE SIDEBAND MODULATOR. 

APPLICATION. 
Oouble sideband modulation i s  used in dauble sidebond 

communication systems where upper and lower sideband are . . 
transmitted and the carrier frequency used to generate tnese 
sidebands is eliminated. 

CHARACTERISTICS. 
Generates upper and lower sidebands a t  h u h  power 

levels while suppressing the r-f carrier. 
Utilizes two push-pull connected triodes operated c l a s s  

C. 
Uses law level qrid modulation. 
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Modulatinq s i w o l  i s  n p i i e d  to the contml qrtds in oush- 
pull, while the 1-1 conier  i s  opplled t o  the control j r ids  in 
p r o l l e l .  

Utllizes nonlinear chorocteristics oi  electron tubes to 
generote sidebands. 

Evendrder  harmonics me concelled through, push-pull 
action. 

CIRCUIT ANALYSIS. 
Gen.ml. Double s i d e h d  communicotims systems dif- 

fa from conventional a-n systems m d  from sinvie sideband 
s y s t m s  in that bth sldeomds n d  no came1 1s trmsmitted. 
I t  should b e  noted that conier  elimination i s  achieved in a 
special ly  designed power amplifier. The modulator i s  o 
conventional AM modulator. ' h i s  discussicm will pertoin t o  
the power amplifier, s ince  the porier amplifier i s  the only 
unit in the DSB transmitter w h ~ c n  i s  significantly different 
from uni ts  in the conventional full carrier AM tmnsmitter. 
Single sideband systems achieve the same result by tronsmit- 
ting only one s i d e h d .  Soth PSB and SSB provide the ad- 
vantage of eliminating "whlsties" or beats  caused by the 
beating of the corrier with other corriers and sidebands in 
the receiver, s ince both DSB and SSB do  not transmit a 
carrier. At iirst glance i t  may appear that a sinqle s i d e h d  
system makes more effective use  of h e  avai lable  tronsmitter 
power, s ince  the SSB tronsmitter concentrates ol l  of the 
avai lable  transmitter power into one s i d e h n d  ,while the 
DSB transmitter transmits two identical sidebands. How- 
ever, this  apparent gain of SSB over DSB i s  not realized a t  
the receiver output, s ince  dauble sidehand signol voltoges 
combine vectorially in the receiver detector and produce 
oudio f r e q u e n q  voltoge proportionol to twice tho1 produced 
by one sideband. For example, a double sideband r-f en- 
velope contoininq 100 watts (50 watts in each sideband) 
produces the some receiver oudio output a s  o 100 watt SSB 
r-f envelope (all 100 watts in the sideband). It  has  been 
reasoned that a double sideband system can p rov~de  results 
equol t o  or greoter than that produced by a SSB system. In 
a canvenrioncl full carrier A?A system the r-f corrier trans- 
mitted with the wdebonds h e t e n i v n i s  with h e  sidebands 
in the receiver detector circult and oudio frequency voltages 
a r e  produced. In the DSB system and in the SSB system no 
corrier i s  trmsmitted and an ar t l f~cial  carrier, qeneroted in 
the receiver must be combined bwit'n the sidebond, or side- 
brmds in the c a s e  of DSB, to properly demodulate the siqnal. 
T h i s  ortificiol corrier frequency n u s t  be very s table  and 
must b e  os c lose  o s  possible to the frequency of the carrier 
used t o  generate the sidebands in the transmitter in order t o  
keep distortion oi intel!i?ence to a rrinirrum. One of the 
arguments in fovor of DSB over SSB i s  ti.€ iistortion caused 
by the phose shift ~ n h e r e r t  in SSB due t o  the loss  a f  tne 
o p w s i n o  phose shif t  of the other sidebon?. This  shi i t  ccn .. - .  
b e  minimized by maintaininq o suiflciently hiqh level of 
carrier insertion a t  the receiver. Th i s  phose shi i t  has  little 
effect  an voice transmissions but pulse and i o t a  tronsmis- 
s ions  moy be seriously oiiected. In a DSB system the e f f e c t s  
of this  phase shift ore qreatly minimized s ince  the phase 
shif t  of one sideband tends to oppose the ?hose sh i f t  of the 
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other sideband. ' h e  DSB system, however, reqdiies thot 
the locolly inserted carrier be of the some p icse  relotion- 
ship as the original modulot~on ot the transmitter. Tnis  i s  
accomplished by t h e  use  of o phase-locked oscillator t o  
generotethe carrier to be reirserted ir. the receiver. Another 
advontoqe seen in DSH transmission over SSB i s  the possi- 
biiity oi  qreater relintility of reception und-r vnv?nq condl- 
tions of fading. Under such conditions one sideband may be 
phased out by r ~ l t i - p a t t ,  icdinq while tiie other sidebond 
may not be excessively attenuated. By definition, select ive 
fading results #hen the various frequency components o! o 
transmission ore not receive6 e x ~ c t l y  a s  transmitted ,wit? 
respect  to power levels cn:! p h s e  relationships. The od- 
verse effects d t h l <  cn"4i!<:". cr, !,>!! cz7cs7 !,?i >z ?i::cj:icc 
oi  recelvea intelligence, and decreased receiver output. It 
can then b e  soid tt,ot S S 3  i s  not subiecr to selective f r l i n ?  
since only one sideband i s  transmitted. However, I! prapoqo- 

,~ . tion condi t icrr  ::e xcb.  h c :  t",f ! r i i i -~ei~y of : k c  ::I : ~L~c : : J  

being transmitted is excessively ottenuated the receiver 
output i s  likewise decreased, whereas o DSB system operat- 
inq a t  the soii,r frequency will probably maintain sotisfactory 
communications s ince  the other sideband will probably be 
unaffected. Another advantcge of CSB aver SSB is tme - 
simplicity sf the DSB tronsmitter. l o  convert o convent~onal  
ful l  corrier A M  transmitter to a DS3 suppressed ccr:ic: trnns- 
mitter only the power amplifier must be modified. n . e  
modified DSB power amplifier closely resembles the balanced 
modulators used in SSB transmitters. T.le DSB power am- 
plifier discussed here consis ts  of two push-pull c o n n e c t ~ d  

cre:1:i-< :iGss C .;:lt'. r-f sariit: ;:.,lid :o can. 
~ ~ 

trol grids o! hoth tubes in pa:al!e! (in-phase), and the audio 
m o d ~ i l a l i n ~  siSncl opplit .  to tqe control 2 n d ~  in ?l;s:,-pl;il 
(1800 out-af-$base). In push-puli amplliler clrcuits o push- 
pull input i s  required to produce an ostput clrd an in-phcse 
input concels  in the output. "ne r-f carrier an3 tt.e au?!o 
mod~l3::oz p:cs~fit s i i i r jkif iewsiy 31: the contrai 
grids of ttLe tubes beoi together, and four basic  frequencies 
o re  present in the plote circuit of the m0&~l0t01 tilbes. 
n e s e  frequencies ore the orlqirul r-f carrier, the oriqinal 
audio modulation ond suz-differecce irequencl-s qenercted 
a s  0 result of iheterodynln-j. iinterocynlnq results when Vcdo 
a more f:e",,P.r,o. "." ---'in-' .- - 7 . -  -'--.-. -' . . " _ I r . _ _ u  ." _..) _ . r . " . . L l .  " / . Y 1 ,  

linear resistance such 35 3- e!ectron the or a tiansistor. 
ii the lender iesrei; i e t a ~ i e d  iriicrrnat~on on heteroayning 

. . , . .  . .  . h e  p,3>; :I?,: It :?, t?,C :p,t72+,,,-:i,?7 t:, ,-b.,>~:q 1: C,! !!!:> .-.<::2- . .. 
b m k .  P:e r-! carrier J ~ P T , I P ? C ~  ?IP?P-,~ I -  the :!lte ZLIC-1! 

i s  c o r , " y l v >  Q,!! :,,, ?~:l: n-..-n .\ . . . . ;- . . *L" . -.. . . ,. -,,. A . . . -. . . . . . . . . .. . 
(the r-f corrier i s  cpplied to the wsk-pull omplific: in para!- 
lei! ii,' ;hi t r,l, ,,,>.,;; ,,.,.,.. ... "" .-.- - ..; : d. . . . .. . . _ . .. , .I .. ....,* L. -. once :a ~ 2 i ;  f : ~ ~ ~ c : , c , c s .  .:,i.isroic, ine oilclnol oucla 
modulatir, s!:~cI 1.- -ot !~:;~!z:e? i:. t!:s S L : ~ : .  3 s  - .  
generated s i d e h r d ,  ~ i . i - ~  7~ 1 ~ r c ? , ~ c !  c! t t e  i c - p h s i  
;-f ;mr;ci ;.lout uriJ me uuri.i-wlajt auax mo6uiat1on inaut 
c re  tt~e:cfore, ;ii;+f-phase ~t U:c plates of the tubes and add 
in k e  output tronsiormer, rother tior, ccncei a s  in-$hose 
s ignals  do, a d  they are ind~.ct iv~Ly "OII~IPI to the ontenr: 
circuit t h i o ~ g i  the a t ;  I -  t i c n s i ~ r r e r .  
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described here uses two power triodes, however, the use o f  
power tetrodes may be enco;m:cred. 

Circuit Op.rotion. T-e !~l!o,::in; schezoti: dia;iiz il- 
lustrotes n fino! p w e r  nmp!iiier ? e s i p e d  :a suppress oi  
eliminate the r-! corrier 3r.i produce a double sideband out- 
put. 

Double Sideband Generato! 

- .  - 
;:,z;,slGii;,er i i coupies r k  i u%o ~ o a u l n t ~ a n  !ro- tke 

- i i_.- . , -+. ...-..u~~~ L W  1;8r 3 r 1 A  V! t:!c w)v:er 3r.pil:ier. Cc2oa to r  
C l  places the cenieriap of TI a t  o-f ground wtent iol  so thot 
i6Gc uutui-pr.use auaio v o ~ t a q r s  ore aeveloped across t h ~  
top and Sottan helves of tne seconda~ ,  of T1, snd are fe!t 

, . 
on tne g n 3 s  3: :o:re: 2r~:i:ie: t i k s  ?'l on6 V2. Cdupiinq 
ccpucltor Ci coypiesthe r-i c a r r i ~ r  irol- the p r ~ r e d i n ?  ;in:?$ 
t o  the slider of carrier balance potentiometer R i ,  wtjich 
provides a means of varying t he  om?litude c! t h ~  I-! cnr5:: 
couple.! t o  h e  jn's o! \'l 2nd ' J 2  ;%ith respect to each other. 
Capacitors C3 ond C i  cospie  the r-i corrier f r o r  corrier 
bz:wce pxrntiurrvter E l  rc <?.e cm~<r 3! V! m:. I!?; ;;.s?r,-- - tivpiy. y"wer ! p ~ e c  ij! =,d u? -.- .L- ---':---- , 

. &  ".- ,,,i iiVl,iY,CYL "SY i l .S  

CHANGE 2 
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used to gmerate upper a 3  lower s1,5e5s-is c: h i ~ r  PO::?: 
levels. Res1s:or P2;;hlch 1s snun!eS by !1?1710r L I ,  II : 
resistor R3 wt.ich i s  sh'mted by inductor L2 far- parasitic 
suppressor networks intended to decrecse tb.e tcn?ency for 
parasitic r-I oscillations to develop. Certer- tawed trans- 
iormer T2 serves a s  the push-pull output transforrrer for tne 
power amplifier and capacitors C5 and C6 f o x  3 split- 
stator type of tank capacitor used to resorate  T2 to the out- 
put irequency. R3aia frequency choke RFCl  tocether ,with 
bypass  capccltor Z9 prevert r-i crerqy iror. enterin.; 1t.e 
power supply. Tapped inductor L3, whose inductonce can 
be varied by switch S l ,  together -riitk, variable capacitor C7 
couple t h e  transmitter output to a coaxial t r a r .~n i s s ion  l ine 
which t rnnsni ts  the sideband r-i energ;, to the antenna. 
Since triodes are used the ciicult must be neuwolized or the 
relatively high value of jrid to plate  capacitance of the 
triodes would provide a feedh'zck path and the a n a l ~ f j e r  
would break into self osclllotions: Copocitor ~ 9 o n d  C10 
couple r-f energy irom the plate of one tube to the grid of 
the other and cancel  or "neutralize" tt,e e f f e c t s  of r i d  to 
plate copocitonce and thus prevent self oscillations. 

To more easi ly  exornine the operation of the DSB power 
amplifier assume f ~ r s t  tnot only the r-f carrier i s  applied. 

The r-f carrier 1s coupled from. ti,e precedinq driver stoqe 
through couplmc; cupacitor C2 to the slider of carrier balance 
potentiometer P I .  Tne r-f carrier oppeors ot both ends of 
R1 and i s  coupled in-phase throuqh capacitors C3 and C4 
to the grids of V l  and V2. The onplitude of the r-i corrier 
a t  t h e  grid oi each tube 1s controlled by the adjustment of 
hal i  cycle ,  both plotes d r 3 ~ '  on increosmq a n o l ~ q t  a1 plate  
current (the input i s  in phase) and the voltoqe drop across  
each holi of the tapped prinory of the cutput tronsioraer T2 
is negative going, s o  that cpGoslng voltages ore developed 
in the transformer prlmory which concel, ond no output i s  
produced. 11 the circuit i s  properly balcnced by the adjust- 
ment of R1, these opposlrg s ignals  a re  equal in ampl~ tude  
m d  the corner i s  effectively s u ~ p r e s s t d .  Since t i e  om: 
plifier i s  opr in te i  n i f n  c l a s s  C Sios /apprmimctely twice 
cut-ofl) only the peoks of the pcsitlve half cycle of the r-i 
input hove an eliect on conmc!1an. Nelther tube conducts 
during the negotlve holi c j c l e  :'i r-f  carrier input and oqain 
no output i s  produced. >:erefore, o n  output i s  not produced 
by the DSB pmser ampllfler x i e n  only 1k.e r-f corrier i s  ap- 
plied. When audio maiuiitlon is oppl ie i  in odditlan t o  the 
r-f corrier, upper m.', !ah?, siieamds ore jenerate? n d  are 
ccupled throuzh ths o u t ~ u t  circuit to the antenna. 

Audio modulation i s  :pplled to the prirr.orv oi  T I  on2 
s ince the ccnr i !  iw of ~7 .3  seconiar, of T l  1s ploced at 
o-f ground potertial by capacitor C I ,  audio moduiotior, s i q a 1  
voltages a r e  developed zcross  each holi of the winding, 

.which ore 1800 outill-phose ,with each other. Tnis  modulo- 
tion signal is opplied directly to the qrids o i V l  cnd V2. 
Capacitors C3 cnd C4 ore oi s ~ c n  o v a l ~ e  tt,ot they ;.resent 
a high inpedance to audio frequencies and, thus, pra 'ent  
the ou ta f -phase  cudio nodulatlon from crossing over from 
one grid to the other and carct.lin3 each o h e r  out. During 
the period when both tubes ore driver into conduction by the 
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positive holi cyc le  of r-f corrler input, the cudlo rnodulat~on 
and the r-f corrier beat together, ond sum and d~fferencc 
frequencies (sidebands) a r e  2eneroted as h- result oi  
heterodvnina. Actuallv there are i c x  k s i c  i reqceni ies  . . 
present in the plote circult of V1 and V2. Tne:e ore the 
orioinal r-i coriier, the oricinol audla rno?'~latin:: sl7no1, ond . ~ 

the  upper and the lower sideboni. Ctt.er niqher or ier  $31- 
monics ore olso present but ore oi  little consequence. Of 
the f r e q ~ e n a e s  preser t  only the si,iebonds are ?eveloped 
in theou!sut clr?Jlt slnsc th.e :-; ccr:le: ccncels  ir. tb.e 
push-pull output trcnsfarmpr, os e m ; m r ~ ?  c : e , ~ ~ o ~ ~ s l y .  Txe 
mjlo m01ulatin4 f r e ~ ~ s n w  1s not 3 e v e l o c ~ :  becouse of h e  . . 
law va lueof  impedorce o f i c r d  ar  the  r-f ol!pbt t rmsfoner .  
Tne sideband frequencies. beinq o product of the out-of- 
phase .?odul3tln.; si:noal, are leveloped across the pnmory. 
of the output tronsiorzer m d  are lnductlvely coupled through 
the seconaary of T2  to the output circuit. The  even order 
hormanlcs present i n  the plote clrcuit ore canct i led throuqh 
puskpull actlan and the odd order harmonics are s ' nun t~d  
around the primary of T2 ta  ground by capacitors C5 and C6. 
The sidebands ore cas~pled through inductor L3, whose in- 
ductance con be varied by switch S1, and variable capacitor 

C7 to tne coaxial tronsnission line. U, Sl,  and Cl match 
the impedance of the power omplliier output to the imped- 
a n c e  of the coaaiol  l ine s o  that r ax inum p w e r  is transfer- 
red to the ontenno and nlnimurr. power i s  reilected. 

FAILURE ANALYSIS. 
N O  Output. D o n ~ e r o ~ s  hlqh voltaqes a re  present in the 

power ompliiier and a l l  applicable safety precautions should 
b e  taken when workinq .with t i e  power amplifier. Since 
w c h  branch of the pawer amplifier performs essentially the 
same function, fa i lure  o i  one brcnch i s  not likely to cause  a 
nc;-output condition to exist.  Failure of the power suppl ies  
or failure of the lnput or output clrcuits ore likely causes  of 
output. if the power amplifier i s  a t  fault,make resistance 
checks with the equipment denergized, m d  p y  p r t i cu la r  
ot tent im tothe resis tances  meusurediromtheplates toground; 
s ince components hoving high voltaqes appl ie i  to them ore 
more likely to breakdown and short Clan components havinq 
lower voltages applied t o  them. Capacitors C5, C6 and C8 
would short the high voltage to ground if they broke down, 
and c a p c l t o r s  C 9  ond C10 wol~ld snort tine hiqh voltaqe s u p  
ply to the bias supply i f  either cawc'itor broke down. 
Capacitor C l  would snort ti,e hlos sdpply to qround i f  i t  
failed. Transiorner T2, inductors L1 or L i  or R F C l  c o l d  
become shorted to ground. T m s  vrould also short the HV 
power supply to ground as well o s  o possible sh.orted tube. 
Insulation breakdorm on any of the wires carrying hiqh 
voltoge could a l so  be the cause  of a shorted power supply. 

If the no-output condltlon does not manifest i tself  in the 
iorm of blown t!.V. iuses ,  lock of hiqh voltaqe a t  the plates  
of V1 and V2 could be the trouble. Observinq al l  applicable 
sofety precautions, meassre  the plate voltaqe of the power 
amplifiers with the transmitter keyei .  If her? i s  no plate 
voltage on either tube, the povier supply 1s d e f e c t ~ v e  or R F C l  
i s  open. Ii proper plate voltaqe i s  applies' but there i s  no 

CHANGE 2 
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output, ioilure of e i h e r  tt.e r-f carr:er, or -,odulnt~on, to 
reach the grids of 'Vl a:)? Vi could be the couse cf no out- 
put, since the ZS9 - - - - I . < . - -  "- .c..c. u.. .pi l , l i . ,  , , h i  L.,L SS9 Sclance? 
,",A,,"*,.. ".-A,,""" "- "..." . . . - - I . .  ... L-- LA.>  ,..- ""." ,*,, r,"u"LLa "8. "ULP.,. u,,.y ".,I=,, b L L . .  ..1puts are 
present simaltcneaisly 3t t ~ e  ;rids. Preserse of these 
.imnls cnn . f l ~ i ! ~  he .?eter!?izt.? t.:. cL;e:.;i-;, .:;:t!, c- ccci! 
!oscow, the ~ a v e f o r i , t  ptrbrlli u i  tilt. j r i i s  u i  Vi :ni Vi. 
If either i 9 p t  e i j r -1  i s  x ? c i i ~ ; ; ,  5i;zcI :;:;e f;;:. :?;c qii?; 
of V1 and V2 to tne preceding stcge to deternine the iefec-  
tive component. Failuie of T I  i s  : likely x u s e  ior r.c r o d -  
ulation drive to V1 and '42. Resis torce checks of trons- 
forrr.er ,windings and ieakcge cb,ecks to qr;ud sh;l;lA u .-.ud. 

any  de fec t s  that may exis t  in TI .  Failure of R1, or an open -- . . 
- A ,  coxa  prcvenl :-i r ~ r x e r  ~rc-,  r ~ c r - ) ? ;  t p -  :1!4c -,+ 

I 1  cnd Vi ,  hence, no output : :a~l?  result. Failure of o ~ t -  
put trcnsformc: T i  co;!? nl;o r~.:ii!t 12 : ~ Z - t ~ t p u t  : i r : i t ix .  
P e s l s t a r c e  ckickz 11 t r ~ ~ . ~ f ~ : ~ . i :  :..ir!izj;3ni :/.c;ks :c: 
l eak ige  t; ;;irr.i, in;  i e c k q e  ocweer, i ? r i i n J s  s:,il~il 
reveo, . --- -,., 2 -dec;s ?xistin; i;, T2, 

Low Output. A loiv output condition con 'he czused by 
defect ive h t e s ,  i m p ~ o p ? ~  rn.vel sdpply v o ~ t ~ ~ ~ e i ,  1011 am- 
plitude inputs, or lmproper tuning of the os~tput circuit. 
Observe ol l  applicable safety precautions and check 
t h e  high voltage applied to h e  plates  of the power 
amplifier. Also check the bics  voltage cpplied ro the gri& 
V1 a d  V2. If the lubes are good an? :'he power supply -dolt- 
a g e s  ore correct, low output could be caused by lnsuificient 
r-f carrier, or r o d u l c t ~ o n  i:ivc a j p l ~ e d  to the poiver ompllfier. 
: . k L ,  2.. , , 1 .  .... " ," ..,... ".. ;,:, ", ,,.,,,,, ,, " 9 "">~l. 2n ~ s c i l ; o -  
scope, the ompiltuie of t i e  1-1 corrier ant: Ule moiul>t!r: 
signal on the g n ? s  of \'I ,and V2. If either input sianol i s  
weak on m e  qrlds of V1 and Vi ,  checn the zr .pl i tole  of !nat 
signal a t  the poirt where i t  ertc:s tke pcs::er cm~lific:,  ir, 
order to determine wheher  tne i e i e c t  exis ts  in ine power 
amplifier, or m the presedlntr staqes. A defect in TI  such 
a s  n portic!!y s;ertt? ,)!i??i?.; 5: e,?cec;i:e ieckc;c :; ;;c;:.? 
could resal t  in o decreased amplitude mo.'ulatinq s i p n l  on 
tt:e grids of V1 a>? V2, and c pr t ic l  i-i!ure of Ci ct R1 
could result i n  aecreased omplltude r-1 carrier on t i e  grids 
of V1 and '42. h t i ;  situations could r e s ~ l r  in o low output. 
L i k e v ~ s e ,  if one of tt:e ir,ps.t si,;nols i s  unabie to reoci the 
grld o: eltr;er " 1  or ,i1 mGt oran:n c1 r . e  pas.vei amp:l:Ier 
would be inoperative, s ince 30th muculatinq siqnal and :-f 
carrler n u s t  he present a t  the arid s~v.ultoceousl,i  to produce 

. . 
2; rd;?~:, czc ;z.. ~ i ; ; ~ :  ...cdk rssuit. 2 C3 fir  L4 u g e n ~ d ,  . .  . . . 
2: ?,I cp2r,s2, 5: ;-: ,c::rlc: . ,>->d ..,:t L% -Gd&.eu :u ! i # t  'jrl<; ~, , ,  ... . .  . . -. c.;;,~; . , 27,: ",, L.br.,,sc, ,; : , , . , ,dr  s:~d~;ilo,, ,.,3U,J 

a r i se  if ritiler ti!? to? a: Sottoc "If of !he tappe5 seconisry 
. c -. . -, , , dcLdl.,= >#.L:lc", .:. L;.L< <d*L w e  dd,Y.< ,r,"';4,zt,zc 

siqnol wail13 not be co-plec to t i e  ,grid of one at t;c :uhes . , 
, , , < .  ( , . ,  ' - . , - I .  . ~ . .  , ,  ""---o- ~ ......r- u c c . - 0  . - -*  --..*a "- 
if lo:. ;.;t,;t 1; ; irir;; 1:; ;,,c ;a;:.rric ii;pressaii net- 
works L1-R2 and L2-R3. !i tb.e resistor in either neP?!o:k 
opened, a decreased o ~ t p u t  could ~ e s u l t  s ince nuch of the 
s i d e b o d  valtaqn would be ?ic;;e3 7c:oss k e  i r?xtc:  
sk.;;.ting t!,e ope:., i2sistor. 

D i s t ~ r t ~ d  OY~PUI. k IJ~S!V!!W~~ c.111p111 im+i!in -cy 'be 
uuusr,l  "y ,ipi-,,,v, r , ,9-c,  >myr"nlll pl"r.r slln:!:. ...Ci:3;", 
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excessive input drive, or a distort.: input. C'neck the w w e r  
supply voltoges toking core to observe a l l  safety precautions 
and make m y  required adjustments, l i  necessary. If the 
w t p u t  is st i i i  distorted i t  would be wise a t  this paint to 
observe, with an oscilloscope, the amplitude and wove- 
st,upe ilf tire input sii)liais. ii shuuid be n o d  <nor i i  riir 
input s ignals  me excessive or distorted the fault l ies  in 
the s t ages  preceding the power amplifier. 
i t  would be wise a t  hls p i n t  to observe, wi*, an osci11o- 
scope, the ornplitilde and i3ves iapeof  the i n u t  si-nals. 
It sb.ould be noted that 11 h e  input s ignals  are excessive s r  
distorted the ioult l ies  in tne stoqes precedln- me pawer 
amplif;e:. 
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SINGLE SIDEBAND MODULATORS (SSB) 
An amplitude moduloted r-f s~gnal  can be separated into 

three dilierent frequencies. Tney are, the corrier irequency, 
the upper sidebond frequency (USB) and the lower sideband 
frequency (LSB). A 100-percent moduloted A-M s iwal  uti- 
lizes two thirds oi i ts  total power in the carrier. The follow- 
ing diogram illustrates the frequency verses power relotim- 
ships of a fully modulated AM envelope. 

YOOULATING F R E Q U E N C Y  
100 

I5 

+ z 
YI = 
: 
P 

2 5  

9 9 1 C  100 K C  101 K C  
L S B  C A R R I E R  U S E  

lo& Modulated A M  Signal (1MI Won Carrier Power) 

An understandinq of the principles of Amplitude Modula- 
tion is essential to the understandins of SSB modulation, 
dnce SSB is basically o form of AM. A brief review of the 
principles of amplitude modulation as discussed in Section 
14 oi this Handbook will greatly facilitate the understanding 
of SSB modulation for the reoder who is not throughly famil- 
iar with A-M. 

Since only the AM sidebands carry all 01 the intelliqence 
(modulation) the carrier can be eliminated, ond the ovall- 
ib le  transmitter power utilized to a much greater advantoqe. 
Both upper and lower sidebands are identical in waveform 
except for a difierence in frequency. Therefore lf one oi 
the sidebands olong with the conier is suppressed or elim- 
inated leaving only a single sideband, an even qreater ef- 
ficiency moy k obtained. 

Normally, an efiective 6 db power qoin can be obtained 
from a r-f power amplifier, copoble of dissipating say 400 
watts of peak power, by using SSB insteod oi conventional 
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DSB AM. For comparison purpases v:e sholl use a 100 wolf 
rmed carrier power AM siqnol and a 400 wott peak envelope 
power (abbreviated PEP) SSB signal. Note that the 1W 
watt rated corrier A-M siwol also dissipates 400 wotts on 
audio peoks when fully moduloted os illustroted below. 

IOU% Modulated AM Envelope 

A s m  k s e e n  bmtheillustrotion, thepeak to peak wlt- 
qe of a fully moduloted A-M envelope is twice that of the 
unsodulated carrier. Peak power is four times carrier power, 
slnce P = E '/R. 

m e  followinq illustration compares a fully moduloted 
KO watt rated carrier power envelope to a 400 watt PEP 
slngle sidehand envelope for a single sustained tone. 

Cempariaoa of A M  and SSB Modulation Envelopes 

Note that while the peak power ratinqs of both siqnals are 
identical, the conventionol AM moduloted signol only reaches 
full peak power a t  the instant of 100 percent modulotion. 
On the other hand, the single-sideband signal operates 
constantly at full pwk power. Assuminq that the AM enve- . ~ 

lope consists of a 1W kc corrier modulated by o 1 kc audio 
tone. an uamr sideband at 101 kc ond a lower sidebond at . .. 
99 kc are produced, along hith the 100 kc h s i c  carrier in 
the I-f envelope. Tnus, the averoge s i d e h d  power is only 
50 watts (25 wotts in each sideband). On the other hand the 
400 watt sinale sidebond r-f envelope is either the upper 
sideband or ;he lower sideband (depending upon which side- 
bwd i s  selected to be transmitted), and there is no carrier 
frequenq present. Hence all 400 watts of PEP is usable 
pwer. Consequently, there i s  on apparent &fold (9 db) 
increase in usable power of SSB over ccnventicnal DSB AM. 
Actually this only amounts to a 6 db goin is useful power. 
since a conventionol DSB AM signal containing 50 watts of 
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tot01 sidebcc5 ;3:.:c: ; ~ ~ ? E C C S  : l ; i i i  :;i iezeivt: L.LI:PUI tho1 
o 50 wott PEF SSB sj;n31 ;:oi~zes. T!.~is lsnecousi. tb.t 

upper and lower s,?ehon?s of tns  CSB A!.? silrcli rc-hrr 
in the receiver ietsc!cr c ! :~ . : : : ,  2-2 p r o d ~ c e  an audio vclt- 
age whict is prapcrtioxl !o zcu5le the cz?!::-2e of eo:? 
sldeban:. ?le los, oi ice ii:csanl r.;xe; h e  sppaimt 
9 DB a i m  sf SSB rransollssiul wrr ionveni~nnol  h i  !n 
on octual E 25 odvontcqe. 

Ug to tins pmnt .;:e 5 i j i  n !y  ?~siusss: ttie purrer ad- 
vantages quirlec ti.ruuq" the ,Jse oi slnqle sdeband  in the 
trmsrnlttinc iys tex .  Another irpo;:nr.t csvontiige red ized  
throuqi. ti:e Lse a! SS3  1s 2 : s  cf freq:;er,cy s ~ e r t r 8 i ~  ~ O L S ~ I -  

vation. For ?om :?I-i!!,!t?!i?j mndu!g!inc freql;czcic: up tc 
3 k c  are rec,.,r.; :-r .JC!.. ,.r,"c-,.cl,-2. A - ? " ~ ~ ~ - t , - - - l  ~ .~~ -~ 

GSE A i i  'U:I~G~:~S 1r.e c:r;ler :rrquenc.i and sloenand tie- 
quenr:er !;::-I:?; ? kz c: k z t i  ;:?:: :[ 'LE ;s::ii! kc.jbvr,cy, 

,." I , .,.- ."... . '. ;,,..,, ii, r s i ~ l ; t e r  t y  c ? kc  tone. 
n,): !$'"I - ,>-. .::.,. -1 ' L . .  , . C '!!,,& .:~<. .. . . , -. . . . . . . . , 
sore  no;~.i ::1;3 fre<lr ' .zy the banchlith oi :nr SSB ;v:-tm 
1s only 3 kc, .In:: o!lly one s ldehmd I S  !r.;nsrit:ed. It i s  
apparent trc! :I 5 S r  ;;e!?r: :.:I! c:c..,:i: v:::c~ :?r-.~:bci i f  
chclrneis si ; cci:;>r;'.l~ i a n , i i r t l c - ~ l  i.33 A-h: syster-.. 

;rLr -... - -  ---.. . -  -: r:r 
, ..:. . . .~ ~ ,: ,:r;t,c:. :: :e*::e: r*zc.,:e: 

-^ire <. ,.c . . , . , ' . ^ I  .r .. - . ,  . .. "... , .i.,-.. ,., , C , i , r ,  , .," .;,,,.- r r  d l  rr,r : .  .'..'?: 1: C t ' C i  ." *.- ... " ~ .  L.~. , .. ,, ,_ i._ ,..i_ :_ .,l: -. , , '  Ll i i , .  i.,:iri >,;,:GI. 
S incenoise 3nwtr I; .!.:?::Iy -:cp~:ticnzl :c inp!~15!b., ? 

3 da gain ir :~;nsl-to-ruise ~ ~ I L O  results hecause of the 

- 
increased se lec r~ , ,~ ty .  r r o z  t-.- ~ C Y C  i l :c ,~i?~cs .  i t  c::,. 
be seen tb.ot t i e  CSY :;-I>: i . i!!sctive 9 ia  
overall ixcrcvp--?t (6 - ?  - :-e !rlcsr :!:c, ~ 7 . 2  2 2: .; ::,c 
receiver) ovi: t: e = o r ~ ~ e r t ! n ~ c l  -853 A:! s,:s:em. ?-. z-.;:e; 
c o m ~ ; ; ~ s o n  cct;..;ir SCE :: . c'.' ..:;ty: s1.:.i!3LS].; -;I .3 

,, ." " , "  rz7...,.... based 3- . -e..  . , > ,  : I .  ., i.,,e- I..-- 4!.!-".c 

banS,T,SS,?~ cot.,?,, . ~~ ;.." !:: ,:;?:: :: 2:. :r::c :c$Lz:, ,,,, iCkL 

causes severe i i . 1 3 - t m  21- : ? ~ - - . e : ! ~ ~ ;  1 . ! - l i ? r  recc:..~? 
, ,  . , :  . ,  . ; - , . , .  . - 3" .- .. . . . !.,]r-t .,.. 1: :;;3 of 
deteriorct:an ~n::-r rrc:: .:..cT :.~l!:nr.s, h:'o--: ..kc 
upper s~3et>><,,:, 1 1 ,  :ts..,:r 51:?23-,<, :r: t!!? z:::;r T:.:: :,oth 

, . . .  . be r e c ~ ~ . / e <  e:~>c!l,/ 2- :r ::.;: ::t+ to r~z i17-  I , , ~ I  : , I &  :p , 
'L"  ' ' 1  ,:-:! : , ,  , .. . ; ,.,,' 7 :  ,,-c ". , . , . . - . . , , , , . . . :! . .. -. ..... ~. ,~ 2,. > . 

hti, ̂. !',. .. .. ,..-; . . . . .. . ~ . . . . _ _ _  -. _ . , . ;. . ,: .:!: 

thecarrier, o loss :I IFC:.!Y-> -17-1. :I .-;lt;. Tzems: 
s e w . -  ~ r , ;  ,zu:.:~.,r, [.:.,,it j:' qa,ect!~'c I,,:,?.: 't"r.!:f. 

, . occurs i n e n  ti? C i r i : P r  1s 3:ter l n t r i  rc.:.' ti-lr .-P - 1  ---,:-?s 
. , Tnee!!sc!2!:!-a... ' ,. .,~,,*.,, . ..,.. . : ,, . . . . . ... . .... ._ ._ 

tion of the rselveri !r!ell13elce. .S-lpc!:.,- t??ir: z?r :kz 
cause  a ?hose skiit Setnee. tne re!at;ve p!,cse pcsi t iars  
of the c-::lei i d s i d s t c n d s .  7: is  ran<ltion olsc results in 
distor t~on of irtell!?ercr. On tne atr,er -xi, 3 SSB sirnal  

, , is not sukji:t :- si-lec!:.~ j7rlr;, ;.:.,in -IZIICS tiie ompli- 
tude G r  ck~: . r  :,:lutior!sblF: r e w e e r  t!? sldebnnds n d  tne 
i-rrier, since ;lriv unesi~:en;r!ci ov! r n  rTrrier i s  !rz,s-:ned. 

Tne followin? block ii3;rc: i!lo.;tr3tes a s inple  SSB 
tlansmitter orronjement. 

3SB CONSISTING 3 F  
LSB 299KC 
USE 3 M K C  

3301MC USB 

A 
1 MULTIPLIER 
i 
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Push-Pull Carrier Input Balanced Modulator 

always lower than t'ne plate vclta?e, s o  that the neqative 
resis tance effects inherent in the tetrode ore not encountered. 
Transformer T3 serves a s  the tuned output t ransfxner .  
Tne primory L5 of T 3  :qeti.er ..viti- ccpccitor C 5  iorm o 
parallel resonant tank c ~ : , z ~ ~ t  which i s  sharply tuned to the 
carrier frequency. 

To more eosily understmd the operation of tne ba lmced  
(push-pull corrier in?ut) modillator assume first thot only 
the r-f cor:Ier i s  c p p l ~ d .  Assume that the f i r s t  holi cycle  
of i-f carrier drives the l r i4  niV! positive ond the qrld of 
V2 negative. Since V i  1s cutoff due to c l a s s  C Sios, die 
negative signal on the grid of V2 h a s  no effect on V2. On 
V1, however, the positive half cycle  of r-f drives the t s~be  
into conduction and o negative goinq r-f s ignal  appears in 
the plate  circuit. Copccitcr C 5  chorqes dilrinq the period of 
increasing plate current. 'When plate current storts to de- 
c rease  C 5  discharoes buildina a mamet lc  iield around L5. 
When plate current c e a s e s  themowet ic  field around L5 
would normollv col lcpse and chorze C5 in the ODaosite . . 
direction. This i s  norrral tonk circuit o s c ~ l l o t ~ o r  sometimes 
called, "flywheel action". 

At this time, however, h e  next hal i  cyc le  of r-f input 
drives V2 into conduction and a neqctive qoinq r-f pulse 
appears in the plate circuit. Capocitor C 5  charqes ond pre- 
vents  the magnetic field around L5 from collapsinq. 'When 
plate  current sto:ts to decreose i 5  cbschclrqes m d  rnaintoins 
w n s t m t  current throu7h LS bltn ; O ~ S ~ C T !  mrrent throum 
L5 the maanetlc field around L 5  :ma!. !;nchm;ed, and m 
output i s  not ir.iuctlvely m u p l e i  I 3  :ne f o l l a ~ ~ , ! n ~  s toJes .  
In e i iect ,  the :-I outps.>t p u i s t  from V 2  c m c e l s  the r-f output 
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pulse from VI. The 3mpl1tuce of these pulses shoul l  be 
approximately equal, conslderinq the losses  in the t c lk  
circuit. far  the r-i carrier sionol to be effect ively corceled. 
Tne relotive amplitude oi  the r-f carrier pulsescan be varied 
by the odiustment o: potentiometer R2. 

Under actual operatinc: conditions vwth both, the r-f 
carrier ond the oudio modulation applled, ,upper m d  lower 
sidebonds are p roducd  throuqh the beatinq of the r-f carrier 
ond theoudio nodulatir,: siqnal in the non-linearly operated 
modulator tubes. It IS irrpcrtont to note thot the sldeband 
frequencies, unlike the carrier frequency, ore not conceled 
in the output tcnk circuit. Tnis  i s  Secouse the output tank 
circuit i s  sharply tuned to the carrier frequency and the s ide  
bond frequencies i i l l  devlote suff ic ient ly  frorr the carrier 
frequency for the output t m k  circult to oppecr nan-resonant 
to these ireqcencies. Hence no sideband energy will be 
stored in the tank clrcuit from one t,olf cycle  of r-f Input 
to the next on3 concellatlor, of the s l k b a n d s  will not occur. 

FAILURE ANALYSIS. 
No OUI~U~. Failure of one of tine modulator tubes i s  

not likely to c a u s e  o n o i ~ u t p u t  condition to exlst.  Fai lure  
of the power supply or o circuit component cozmon to both 
branches of the oolonced modulator i s  3 much more i i i e iy  
couse of no output. \'oltaqe checks of V1 and V2 .xith a 
voltmeter would reveol o deiective component that could be 
the couse o f  no output. Power supply valtoqes should be 
checked ond adjusted i f  necessary. Any discrepancies iound 
during valtoqe checks con be iol1ov:ed up, with the e q u i p  
ment deenerqized, wit3 reslstonce checks oi associated cir- 
cuit components to reveal the component a t  fault. Since 
both r-f carrier ond modulation inputs ore required to pro- 
duce a sideband output, lack oi either signal could be a 
c a u s e  of no output. Presence of these input s ignals  con b e  
readily determined wltt. on osc~ l loscape .  R e  1-1 carrier 
should be present on h e  control :rids of bath tubes and 
should have suiiicient om~l i tude  tc drive the tubes above 
cutoff.  If the r-i carrier i s  not present on the grids of the 
modulotor tubes, check for presence of the r-i carrier or. the 
primory of T I .  If no signal 1s present on the primary o! T I  
the foult likely l ies  in the s to le ,  or s toqes,  preceding the 
balanced modulator. If c siqnol 1s present on tnepri-nary o f  
T I  but absent on the control grids of V1 and V2 the foult 
likely l ies  in tronsiormer T1. If the oudio sodulatina signal 
i s  not present on the screen grids of the modulotinq tubes, 
check for presence of the modulation siqnol on the primary 
of T2. If modulation i s  present or t'ne primary of 7 2  but 
absent  on the screen grids o f  V1 and V2, transformer T2  
is defective. If the modulation siqnol i sabsen t  a t  the primary 
of T2  the fault likely l i e s  In the precedlnq staqes. 

LOW 0 ~ 1 ~ ~ 1 .  A common couse of low output i s  decreased 
emission of the modulator tubes. ' h e  power supply 
voltages should b e  checked ond corrected if necessaw.  
Voltage checks of V1 and V2 would r e v w l  if a de- 
fective circuit component i s  the cause  of low output. 
Should a discieporcy be found durir? voltoqe cb,ecks a re- 
s i s t ive  analysis  a i  c ~ c u i t  components wouli reveol the com- 
ponent a t  foult.  Another p s s ~ b l e  cause  of lovr output could 
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be decreased ompl1t'~de r-f carrier lnput or decreased on- 

plitude modulotian input. The existonce o f  this c3ni i t lor  
can be determined by observinq with on oscilloscope t i e  
amplitude of the r-i ca r r~er  slgr.01 o r  thc cmtro! j r ~ d s ,  ace  
ine ompiirude a i  ti.e molioiot~r? sigroi on the screen qr l i s  
of Vl and V2. 

Disrorred 9utput. Zisrurrion r,i inrei i iq~ncp in SSB 
systems will occur lf the transrni:t~r and reiriver cre nnt 
exactly on irequenoj. Cistortion !n SSE rranszirrer is 

usuolly caused by improper owratlon of the l ~ n e c r  power 
ampilfier or by operatlnc m y  stone i n  !ne tn??smltter 'beyord 
i t s  capabllitles. If t i e  bolancec ~ o d c l a t o r  ir. ?ctrrr ine? 
to be the cause  of distortion o possible couse could be de- 
fective tubes. Check tkepower supply voltoaeswith c volt- 

i mete:. If the t ~ b e s  ::e ;;cd xi 'Lc pcwe: s:;pply :.oI:z;es 
I me correct, a resistive onaiysis of circuit campanents with 

the equipnent deenergized would reveal a iompanent falluie 
that could be a couse of distorted output. Do not averloak 
the possibility that the audio modulation is distorted before 
i t  reaches the balanced modulator. R e  existance of this  
cmdit ion can be determined by observing, with an oscillo- 
scope, the quality of the modulation signal on the screen 
grids of V1 and V2 with an audio tone fro? on oudio signal 
generator applied to  the transmitter. 

BALANCED (PARALLEL CARRIER INPUT) MODULATOR. 

APPLICATION 
R e  parollel carrier input tnlorced ma:~~lator is used 

i" pru;ucr il.. ,,,k,,lL,de - 1  , ' :::w~u,uir2 1 up9w 2:d I u , < < ~ ,  >rdesd:#,A 7~ . 
frequencies tor use in sppressei-corner ,  sinqie s ~ d e k n d  
transmitters, commonlv ~bbrev ic t r?  a s  SSSC. 

CHARACTERISTICS. 
. . 
uti l izes  ronllnenr ci.amc!erlst!cs of eiectror h b e s  to  

produce s i d r h n d s .  
. .  . . . D.">.,-"" -."-, ,.,. , "  ..2*L--;- 

2 I Y U Y L I _ I  Yl l l r l l l " " -  I.I"YU.IIIY Yrrrl Uii" "I"LUUI1"- 

while suppress in^ the r-! carrier. 
N o  output - 2 .. ' - -  ' , , , . ,  "-dieu UT~L?>> w t n  i-i icrr le i  3r: rnc:aii- 

tion are present. 
Moculat~on is accornpliib.ed a t  low paver levels. *.ere- 

fore, no large r.odr;iotor power supp1.i and t rsni iorrn~rs  are 
needeo. 

Uses push-pull output m ,  pcrollei lnput to cancel a l l  
the corrier. - -. , . i,m pio"!o~ mnvPrs?r>n "rrln i.r. .,,llm.,~,~: :>.,I",, r r u l v l  

r ion  rnojilint~on iip:;;. 

CIRCUIT ANALYSIS. 
G.oenrl. Cr.e caru;ie: carrier-lncui Lo~znieo  c.o:bio:or 

produces omplltude modulated sidebunis and s m r s a s e s  the - r-: :gr::sr, :.-,:: :s z=,-,:e.:e: :,; :?2?,:?.: ..??:-I cc::l?r, 17- . ~ 

phase, to tne qiias a; ;;;c woes wnasu ;;;p;; ;; ;c::::e;tc:; 
in push pull (outdf-phase). The r-f coriier s i n o l  voltmqe is  
kept 8 to 10 times os larae a s  the modulotinq vo l ta i t  to keep 
distor t im !2  z -ini:un. b push :ul! a-plifi-is 13 i rn~i t  
slq"a1 ,nserte,j ,n-pt,ose on fn? ,:r1,55 (ir, p3-z::~:; .<,i,: zc3cc: 
in outout, n i  -.. I-.:-- .:---, .. ---:.-A .- " 

I I =  ,,lY,l,jlY ,,,," 3,Y,,"I ,> YY".ISI ,,, >ii1L.2 

0967-WCL0120 MODULATORS SSB 

to  the grids oi tt,e bolcrce.' mo&ulator tkrouzh a transformer. 
This  transformer i s  eifectively certertopped by o resistance 
network connecte? ocross the secondary windinq ior bias 
insertion. The center tap orrarqement produces a 180 demee 
ohase different between the audio zodulotion signal voltaaes 
on the grids of the modulatlnq tubes. Vhen bath 1-1 carrier 
and modulotinq audlo s ~ q n a l  are  applied to the qrids of m e  
balanced modulotors, sum and difference frequencies (side- 
band) ore p ~ ~ d u c e d  5; the ~ c b u l o t l n q  i r q c e n c i e s  beotinq 
against  the carrier, s ince any amplitude modulatian process 
i s  essentially the same as heterodyning. As in a frequency 
converter, cny aoduloticr which erls!s on aie oi the mixins 
frequw.cies is  !!ceorly tinnsposel to th- iesl>ltant SUIT and 
i > f f - r m v e  I V T I I P I ~ ~ I P C .  T-e gio!~. circuit con to~ns  the upper . . ., 
on3 lower s l e o c n c s ,  .);nlcn are ine su;:! sr:c uilrrrerlcrirr  
qdencies, iei;ei::.;z!.;, !he r-f c z r i e r ,  3rd tho cu4io modulo- 
tion. The carrier 1s cancellei cut ky -,l;s",-;;ll cc::~: ::: :!:? 

s c t x t  !rccr!.rmir 3 r d  tli 1. trorsf-:-el 3 1 ~ 3  2 r e s s ~ t s  
o law impedance to the ou31o mojulatinq s ~ a n a l .  Therefore, 
the originol mcdulotinj s i ; ~ a l  is  not developed in the out- 
put. '%e ~enr,c:ctt.d slSecan?s cre ̂ !-si-phase .l!n e3eb 
other a t  the plotes 3f the tubes, since the mduiat inq  SIT^ 
i s  out-of-pnase 31 t i e  ;r:ds. T x s e  1 s t  of ph3;e s i n a l s  
odd in the output rather !isan ccnce! i5 ii.-hcse ; i ; ~ ! s  i s ,  
and h e y  ore inl;uctivriy caup:t? to ii.e :;!1;:ii:rj s:Gjes 
through the output transformer, Tetrodes and pentodes may 
be  used w ~ t h  equal or greater effectiveness, their ,use beinq 
determined ov system requirements. 

Circuit Owration. ' h e  occornpanyinq diaqram illustrates 
0 :ypics! pzrc!!e! cgrrier-i.put M!ancnd -.oi,~lotnr. 

T r a n s f o n e r  7 1  couples :be oudio 3odulction to the 
i s  f u" " " , , c e  " . ",". , * 1 . 4 1 "  sncic,nrsR1 

on6 Ri provide l r ~ i  31"s ;r,i an e i l r z t ~ v e  centertaF icr Ti .  
Capacitor C1 couples the i-i corner i ron the corner oscli- 
lator t o  carrier bolance potentioreter R3. Carrier balance 
T,on.;nmn,nr R^ .- i.,. ~. :i .~ vJi\ ::i --l-....- ,r.",l.L - - - l i* . - - l -  

of the carrier s i ~ , o l  on !re 2 n d ~  of Vi an: Vi, s o  ha1 fne 
drl!t 3~ be nmpie:ely bclmced r . 5  rr.e carrler s.~? 

p r p ~ ~ e 3  !1 !te o ~ ~ t p ~ ! ,  Crpnl', 10,s C2 cmd C 3  m u p i e  !he r-i 
c3:rier from bdm:c 3 3 : ~ ; 3 1 i t 0 1  ?3 t ~ .  !,t. :rids of I,! and 
.?1 " A  ,"l""b.d.d, t,.:., -.-. . , L - - . ? ,  , A - ,  -J.,:?"..,,L . , - d... .,.- ,,.,-.. ....., ,c,,,-oc - 
! : o n  tn- de.jeinplr- x l len i i  i ~ t 1 : 1 t . , : ) ,  h rs l i t o i  E4, lirriin is 

bypassed t,y C4, p-ivldes cct?,o!e hias  fo: !alp P~hes. 
Center-tapped p la te t rm, l s fom.er~  provides o wsh-pullplote 
A ."-. . . , , ripjCiiOis ~ 5 - i ^ :  ~5 DLCCSS -:. 

r e a s  tor, 3 r y p i s s r j  ln,y 15*w,:c: j i j : ; r l 2  :; 11;.1:i, 

rr.? a!cmc 12c ct..:" !!c s!  T2 ?! : r?mi  pot-ill;!. 
p,e 3j3r7! :cp, :f :!,? m!2j!.! :?rr: "r.lr"l;! 11111*?01 rn"~,,. 

lotor can S t  nore e a s i k  eiiirirci ky f i rs t  cppiyin: an:y - me :-f corrler. !ne 1-1 carrier ,qenr iu td  .:, t:,i iaiii21 usri:- 
I.,+-, ..---ur..-.....-,. :; - - . - l a >  t l r r . . i  '-1 ~. t r  !he ni ; . ~ ~ l ? n l o  ms,s tor  
R3. T ~ L S  :b,e co::ier siqncl a p ~ t o r s  i: both ends i f  P3 
--1 :. 1.2 .i.^..-.L "7 "..A "2 t" tho "rlric Vl nnd Yl," *i. IYY~II" .,., I- I.._. -I I- . , 
Vi.  The corrlei sljnai vo;toge i s  inserte; ~ n - p r a s e  5- iL2e 
3rids c f  '!I :nd V 2 ,  cr? !!:F ^ r ~ l ! t l i l e ,  31 Poi? f U I P  15 C3n- 
!:G,;*j L,; ,?,j;,~,~!i?,: P,?. :;:,,:,in? ! k t  *.c :-: :: 
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Parollel Carrier Input Balanced Modulator 

operating on the positive h a l f i y c l e ,  both plates draw an 
increasing plote current (the grid input i s  i n - p h s e ) ,  and the 
voltage drop across  eoch holf of the tronsformer windinq i s  
negative goin?, s o  that equol and opposing vol tares  ore 
developed in the transformer primory which corcel ,  ard no 
output i s  obtained from :t,e secondary. L i ~ e w i s e ,  on the 
negative holf-qcle l e s s  plote current isdiawn 3nd the drop 
ocross  the transformer i s  w s i t i v e  oaina. cnd eaua! and oc- 
posing voltoges are devel iped in the p r h a r y  o"d olso cancel  
out, s o  no carrier oaain i s  oroduced. If the c i r c ' i t  i s  pro- 
periy balanced by the adjustment of R3, t h e  opposin3 
s iqnals  a re  equol in amplitude and the carrier i s  effectively 
suppressed. 

The amount of carrier suppression obtained depends upcn 
the degree of balance between the two legs  of the bolarced 
modulotor circuit. 'When two tubes of the same type are used 
in a balanced modulator circuit b i t h o u t  any balancin: od- 
justrnent) carrier suppression of 10 to 1 5  DB generally results.  
Since carrier suppression of of l eas t  35 DB 1s usuolly re- 

quired in suppressed-carrie:, s l n q l e - s ~ l e b a r d  s f s t e n s  i t  can 
be seen that some type of fine Solancing adjustment i s re -  
quired. In this circuit R3 i s  used for corrier bolancinq, but 
other methods (such as voryinq the bias  or p lo te  voltoqe on 
the modulotor tubes) may be encountered in other c i rcwts .  

'When a u d ~ o  modulatio: a l so  1s applied, c different situo- 
tion ar ises .  Tke cudla modulation i s  applied tnrouqh trams- 
former Ti. Since the secondzry of TI 1s effectively center 
topped by resistors R1 and R2 nodclotion siqnal valtaqes 
wil l  he developed across  eazb. 'ialf o f  the winding which are 
out of phase wit!, t a c h  other. ; h i s  c o d u l o t ~ n ~  siqna! i s  
applied directly to the grids of '<I cnd V2. Copacitors C2 
m d  C3 oreat s ~ c h  o volui  :not the" present a k!qh Im- 
pedance to oudio frequencies and prevent ony audio nodu- 
lation from crossin? over, from one i r id  to the other, and 
crncelinq eodn nther out. l 3 e  C U & ~  modu13:iqq 51mal 
modulotes the r-f carrier and produces upper ond lo,,;er s i d e  
bonds in t i e  plote circuit of the modulotor tubes. These 
sidebands ore produced by mixing the r-f carrier frequency 
ond the modulation s i jnal  across  a nonlinear device. To 
illustrate tk,e opera:ion of the p a a l l e l  c c r r r i - ! n p ~ t  b o l n c d  
modulotor with b t h  r-f carrier and nodulotinq siqnol applied 
assume that the first hclf cycle  of the madxlatinq voltrlqe 
applied to the qrid of V1 i s  positive 2nd the f i r s t  half cycle 
of the rnodulctinq siqnol applied to he qrid of V2 i s  neqative. 
It con readily be seen that conduction of V1 will i r c reos i  
with neqotive going sideband frequencies being qenerated 
ocross  the top half of the output tronsformer. At the same 
time, the negative half cycl- of o d i o  modulation applied 
to the grid of V2 decreases  conduction of V2, cousin? pasi- 
live qoinq sideband frequencies t o  be developed ac ross  the 
bottom holf of the output trcnsformer. Push pull action thus 
occurs and the s~deband  frequencies a d i  to eoch other, 
causinq both upper and lower sidebonds to be developed on2 
inductively coupled to the secondary a[ T2. Tnc r-i carrier 
i s  suppressed, as explained farher ,  and the original oudio 
modulatinq amal i s  not de;elsped due to :ne 13;; r eac tmce  
of T2 to the bosic audio modulat~sn f req~enc ies .  Tnerefore, 
only the upper and lower amplituie modulated sidebands 
are produced by the balanced modulator. 

FAILURE ANALYSIS. 
No Output. S~nce both mOCu!ato~ tubes perforr> h e  same 

function i t  is unlikely that failure of one tube or associated 
circuit would cause o no-output condition. A much more 
likely c a u s e  of no output would be foilure of somethinq com- 
mon t o  both tubes such as the power suppl,f,  the cothode 
resistor or the C L ~ C U ~ I S  O S W C L O ~ P ~  w t h  the r-f carrier npLt  
or modulation input. Voltage checks or Vl and V2 with a 
voltmeter would reveal a defective component ti.at c o l d  
cause  no output. Should oll t i e  voltoges check qood h e  
cause  of no output could be the lock of either r-f carrier or 
rncdulatinq siqnol. This ccn be eosi ly  checked wltt, an 
oscilloscope. Check t i e  .;ri;is isr presence of both siqnols 
with tiie carrier osciI1313i operotinq and mori~lct ion applied. 
If the modulating siqnal i s  not present on the qrids, check 
for presence of the mod,~lct lor  siqnal on the primary of TI. 
This  will determire whether Ti or !ne p r e c e d i n ~  audio 
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stages are  a t  iault. Should the r-f ccrrier be n s s i n q  check 
the output of the carrier oscillatcr. If t h e  is 31: c i t p ~ t  
from the carrier cscillztor, s i ~ r c l  tmce the ,cnmp:perts 
linking t i e  carrier oscillator to tt,? gri,!.s n! h e  rnnr'n!tcr 
tubes. St,oyld al l  the :on~?:::ur.s necUs::ry for proper 03t . r~-  
lion be met, i.e. proper voltages on the tube elements, pro- 
per C"I'?DI c?C I C ~ " ! ~ I ! C ~  ? ? , : L : C ,  ;̂  ̂ tic:c :; ~tl!! :3 m:. 
put, transformer T2 ccnld he e f e c ! l v ~ .  C--i 1 ! i  i-.l+in7s 

. . of Ti for proper resls!ance an- cneck :I1 ,z,?rdin-s for leck3-e 
to =round. 

Lor  Output. Low c l~ tpc t  z3r be zc~se":~ '; i l e i e ~ t l ~ ~  
tube or  !.krc, impro.-, --... 7 - . . --I . .  --:*--.- -- - ^ -< - -  y - .  vu.. e. <up?  ~: "u.L,> ,-a ". .,, ,, ,-:r, - 
:IYF -,:zii: ccmzoaint. L . ;,JIPJ! ~ > ~ - l i  2Ls2 re c2,-::ei z,,, 
^n^,n--n^ ^rrli , , .; ,  "i * . . - _ :  .. - --.- ---- ...- ". ". ,..-. . ." ,.,., .>;, ": , ~ ! i i , ~ G ,  

possibly by iecreosed nmplitude ui the r o 1 , ~ l z t i i i ~  sia11,~l. 
Check the power supply iioitojes. If the power supply volt- 
oges tune el?centr  h o d ?  
."..a" .-.-- 
cause  of lnvi outplt.  S ~ . O L ! ~  thns- voltage c h r i s  revecl 1 
discrepancy, resis tarce checks. ,with the circuit deer,eraizei. , . 
would reveal the component of i o ~ l t .  ;he possibility of 
d e c r e ~ s e d  omplltude r-f ccn ie i  si.7rcl or v.odulatlrq s i m a l  
input ccn be che:iei by observir.2 rhese signals or, on oscil- 
ioscope. if al l  tne coni l t lans necessary for proper operotion 
ore met, 1.e. 2003 tu?es, :ro:er rc%!er suppiy vol!c;es, 2-2 
good circuit components, poor cperotion could be the result 
of a defective output tronsiormer. Since the iesls tance of 
the output transfor-rers ruindinqs ore ~ ~ 1 3 t i v e l y  lo,.\, 3 sharted 
windin? could easily be overlooked w i p n  ~ n k i n l  recil!mce 
;h;-ks. -'.tc:. c.; ec;:, ;"lf ;; (7,e jriri:r 
windinq, each t,clf shcu l i  be equal, ond check the resis- . , tanc. O! t n e  sKcr--.,, .,., 4.-- 'a:..- .". -.rterto- " " . . .  . 2 L ,  p .a,,,,- 

nected check the ,v,~ncinqs for leakoqe to zrounj. 
Distorted Output. I! should Si m e ?  that ?istar!lon z! 

ifitelliqecce nil1 occ:~; ii tt,e sinql? sideband tronsrritter nnd 
Teceivei are  n j t  trst17 21: ~ T ? ~ L ~ I : c Y .  zistortion :i ~ i ~ ~ l ~  
sideband transmitters i s  frecl;ently mused  by improper opero- 
!ion of the linwr ornpllfiers, or bv operatinq m y  s!-qe b q o r d  
: .----- L:,:,... T I  2:- 

W~U~..I~C.. .. ;yahc... - i a t i ihor  i s  dett:r:illr: tube 
caused by t i e  bolonced nodulat-r a Ikelv cj8:st. coul? 2e 
improper voltoges npp i ie i  to !ne ?L~E.s,  or e f e c t l v e  %be 
cr  v ~ k s ,  or fiii1c:e of scme Ci::ji: coz?a;len:. Check the 
power supply voltages, i f  they are  good, voltage checks of 
the I L ~ C  eler::ents .n.ouli ln i t ca t i  :;si:re: or not o 2 e t e t l v e  
, . . .z . 2 .  ... . ,~...~~ ..,.l., ."y., , .., , , , , . L -  , , - I - :  . 

, , " ~ l p ~ ~ ~ : : !  I<; !>o gp5"?. -- p,m-"-.c --- La .---D s , , , ,  , ~ 

,,> t r L  ?<,,"r, ~?"-. ". .*,,;. .,.<." "L-"." "< . ~ ~ ~,~ ~ > . ~ .  . .. . . ~. 
ate? cir.;?t ca-jr,..-:z. 7r.e ra;siti.::: cf - !iitOItU: 

, , . . . . .  .> , : . ,  .... ' r.. " I . ,  . : .: - --. .- . . .. ~. ,~~~ ~ . . ~  . ..~.~.. ... . " 
. ~- 

-"'c:~a6keG. L!.; cA,>t"r#cc 01 t:.=:+ ,c>r:c,r,c,~.> c2,: oe Je- 
.pv-,"n,.  .... "&.$ r . . . " .  3 :  = -- -" l l  --..* 
~~ . . .~  , ..--. . .. ... ---,..- 

SALANCED BRlDGE MODi i iA iOi i .  

kPPiiCkTiOn. 
Trte bolorced b r l w  mdclctor  i z  :;s=? i l  s i ~ ~ ! e  i i + -  

, . . . 
3cn: ze7,?:2::r: :,: ;rci2cc a::.:.l:.,c? ...2:,.;::~ ,>;,-: 7 - 
,.. - >~ ., , ,,,..- ., r ,  ,~., -5 . ;  L!r >::!; !::r ;.: 
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CHARACTERISTICS. 
Produces upper cnd lower s l leocnds .while suppressin; 

the i-f carrier. 
litilizes fol~i  diodes connectpi in o briaae mnf iour~ t io? .  
Produces sisebands ky t~tterodynin; act ior  produced bf 

nonllr,ear ? ~ i d e s .  
Requires bet. 02 r-f c.rr!er c13 moddct icr  ap~l :ec  

simultaneouslv to produce 03 output. 

CIRCUIT ANALYSIS. 
General. The purpose of !he balanced br:d?c bclcnced 

."odul"*". '" v c  n.n^,,-c -."-I.* .; --;..'-.-A ' ' 

.I. "L"a ~d p,"-"L " ,,,, "~,Ld<2 ,,.u...,AuLr,, ,>""t=r CS,? :v;;er . . 
sidebcr<. -c su-:r..s tii. r-: carri-:. 92sicc::; ::.:< :i ~, , ,  . ! 
U L , , L C V C , ,  L,, L, t. L~u,u.,~.c~, L,>,,<JK l!t,.,.,.,JL.,. .,, ,.I ,J', I : : ! , ,  L.!C 

circuit ele:cnts so t iot  3 b a l ~ n r ? ?  eori i t icn exis ts  Se1'~ee: 
tne tvo  leqs l i  tne a r i c y  i--r or.,, i n  r-i cnrr!er 1s c c ~ i ! e i .  
' h i s  bo!s?.cec ccnxtlon ,:;111 prevent cr I-f n~:tr~;t !ro- biy 

, ,  , prG;JceL, :.: ,d.u: .! l >  ,-:,L L:-,: ..L L: , JL  . . "  . .- .A,.,,..&.. . . .. . - . . .-, . *. . -. . . - 
un5al.r~-!, t t c t  is ,  -ore current f!c.ss t5roilgt. o x  I cy  t t c r  
the other. This c 2 , ~ s e s  current to !lo;. fnrouzt, the output 

. . .  
tronsiormer, m i  3n m t p ~ t  !I ?m:dce:. 1?1e ~ i l r r e n !  
ilow:nj !hmuqjl ! h ~ o ~ t p ~ ~ !  t rmsforme~ 1s  the cppe: n d  
lower sliebo:lds j e n e r ~ t e c  by tt,e >,eteroayninq oi the r-t 
c a ~ r i e r  or,:, m o d ~ t l n . ?  ;ilnol c;ithin the nor-lineor ;iioC~_i_ 

Corrier :cp;ress:S. i s  ccL:t.:.?< SCCCZS? t n ~  ?;::e?: 
through one le2 represents the corrler and sideb.. ?PC . c~irrents  
plus the modulating s iqrol  current, w h ~ l e  cuirer,t tirouon he 
other leg cons is!^ o! only !he ecrrier current. The n\,eral! 
e f fec t  i s  to cancel t5e r-f ccrrier csJrrents. The nmdio ~ T P -  

, , , - , , . , , :::,,LC , , r8c! ~,:  b;:&,=J :;,e ZJ&<! ii 
v;hasc reactcrce i s  >I,+, to i i i i c  f : ~ c ~ e r , c ~ e s .  ir ly the 

, .  . 
i!cecanzc -re ;rr;?r! :: !re cr.::::. 

Circuit  Operation. 3 . e  ccconpcnlrq dlao:m :Ilustrctes 
a typic31 bclcnced hri!,:~ ro<:!?!cr uti!izic: i!e;tr?c ? h e  
diodes. 
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from the corrier ascillotor to the balanced bridge. Diodes 
V1, V2, V3, and \14, form the balonced bridle. Capacitors 
C1 and C2  block oudlo l r e q ~ e n c i e s ,  thereby preventing the 
primory of 73 from s h u n t ~ n g  the secondory of T2. Th i s  i s  
necessary since T3 is an r-f transformer and would present 
a very low impedance to audio frequencies. Transformer 
T3 se rves  as on output tronsformer. Desiqmations a t  points 
A, B, C, and D a re  used only to illustrate circult operation. 

T o  more w s i l y  anoiyze the operation of the balanced 
bridge modulator, assume i i rs t  that only the r-i ccrrier i s  
/applied. Assume that during the first half-cycle of r-f, p i n t  
IA is pasitive with respect  to paint C. Tnis back bioses  the 

1 1 &odes and no current fiows, hence no outputresults,  s i n c e  
the bridge appears o s  on open circuit. 

When the negative half<ycle appears point A becomes 
negative with respect t o  point C. Th i s  forword bioses the 
diodes and current flows from p3mt A throuqh Vl and V2 
to point C. An equal current will f l w  from point A throuqk. 
V4 and V3 to paint C. When the current throuqh leq Vl ,  V2 
i s  equol t o  the current through leq V4. V3, o stote  of balance 
ex i s t s  and no current will flow throuqh winding L5 of the 
output transformer, T3. The accompanyinq illustration shows 
the equivalent circuit of the bridge in a balanced s ta te .  

Equivalent Circuit of Balanced B~idgc 
Modulator With Only r - I  Carrier Applied 

D,e resis tances  represent the plate r e s i s t a rce  of the 
diodes. Since the diodes are a l l  of the some type and h3ve 
the some chorocteristlcs, their conjuction and piole res is t -  
ances  ore the some. Resistor RL represents the load ?re- 
sented by the output tronsformer. Tnere i s  no d l f i e re rce  in 
patentiol between points B o n d  0, oni no current flo\ws 
through the output transforv.er. Tnus there i s  no output i ron  
the balonced oridle nodulotor ,when only the r-f carrier i s  
applled. 

When only the modulation siqnol i s  applied, circuit 
operation 1s os follows. Assume first that a positive haif- 
cycle of modulatinq voltc7e i s  oppiied: cossina polnt B t o  
be more positive thar pcirt 3. It con be s?en that the 
instontaneous poterticl created by the positive half-cycle 
of modulation s ~ q n a l  w ~ l l  couse current to flaw lror. point D 
thrauqh V? to point C. Since the plote of V2 i s  connected 
to p i n t  C, cl:rer.t w!;l cot flow throush V2. Currmt ~ i i l l ,  
however, flow lror, point C through the secondary, L4, of T2  
to poin: A ,  and through V1 to polnt B. Current a iso will 
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not f l o  throulh L'4 s1r.c~ Vi like ' I 2  1s L,oci-klase? to mr- 
-. 

rent I l w  in this 31re r t~cn .  re1111 pcth ~ C I  c ~ r l e n t  tiow 
i s  thiou;k secordcry L;, of TI .  'Ibe crlzary, L5, of '2 
does not e f f e c t  tt ,e rna.;ulctior ~ 1 ~ 1 3 1  s ince C1 or: C2 3lfer 
o high irrpe5once to tt.e relotlvely low modulatinq frequency 
m d  prevent any s w n t i n i  e f f e c t s  of L5 on L2. !li,en the 
polarity of the n t o d ~ h t l n q  ziqr.cl reverses, current flows fro- 
paint B throuqh V2 to polr t  C. From point C current ilows 
throudn the secondory, L4, of T2 to point A and tb.en through 
V4 to point D. Tne r e t u n  path i s  !hrou?h the seco??ary, 
L2, of T I .  

Under acluol operatino conditions with both 1-1 corner 
and sign01 opplled, the balonce bet-leer the upper and iower 
legs 01 the b r ~ d q e  coused by the equal 1-1 carrier currents 
through each leq i s  disrupted by the modulatinq siqmal m d  
a sideband output results.  

To examine the circuit under actual operatinq conditions, 
consider first that r-f corrier current i s  flowing in eqdal 
omounts through the upper and lower legs, Vl ondV2, and V4 
ond V3 respectively. When a positive qomq cycle of audio 
modulating signal is applied to Ti,  modulation siqnal cur- 
rent flows from point D through V3 to secondary L4 of T2  
and to point A, and then through V1 to paint B and bock t o  
secondary L2 o i  T i .  Since the diode i s  o nonlinear device, 
mixing, or heterodyning, takes  place bet.neen her-f  carrier 
currents and the rncdulotlnq signal currents flowin? throuqh 
V1 and V3, and both upper and lower sidebonds ore pro- 
duced. 'These sideband currents follow the same path as 
the modulating signol exce-pt that they flow throuqh the out- 
put transformer T 3  instead of the secondory L2 of T1. Tn~s 
i s  because tronsformer T I  offers o high impedance to the 
relatively high sidebond frequencies. Tne sidebands are 
inductively coupled throuqh T 3  to the following stooes. 

overall e f fec t  i s  the same for a neqotive h a l f s y c l e  of 
modulation except that sideband current flow i s  throuqh V2 
and V4 and the now is through the output transformer i n  
the opposite direction. 

FAILURE ANALYSIS. 
No eurpuc A n w u t p u t  condition could he coused bv 

on open or shorted windinq on any oi the three transformers. 
With the equipment de-enerqized, o resistonce check of the 
tronsformer windinqs will indicate on open or partially shorted 
winding. Fai lure  of one of the diodes will not be likely to 
couse no-output, however if the diode filaments ore can- 
nected in ser ies  on open filcment could couse the other 
diodes to be in operative. A visual check with the e q u i p  
ment ener j ized will reveal ,whether or not any filoment 
failures occur. Since o balonced modulotor does not pro- 
duce an output unless  both r-f corrier and modulation s i a r a l s  
a re  present, lack of either these s ignals  could b e  o cause of 
no outplt.  F t e s m c e  of these s ignals  con he determined with 
an oscilloscope. To check for the presence oi  the modulat- 
ing signal, obsenre the waveform presert a t  points B and D. 
If the modulating s ignal  1s not present ot these polnts check 
for modulating siqnol on L1 the primary of 71. if the mod- 
ulating signal i s  present "ere, but i s  absent a t  points B 
and D the fault most likelv l ~ e s  in tronsforner T!. If there 
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i s  no s ignal  present on the primary oi Ti  the trouble IS likely 
to be in :be precedinq stages. T?e pres t rce  3f tk,e :-f 
carrier con 5- determine? in the sczem-cner by ~ S S C I . , ~ ~ ;  
the waveinrm prese"! a t  points on? C. i! t k  r-f ca::ie: 
i s  not present a t  A cnd C h e  tra.?5le c a r  be loca i~zed  bv 
s lqnoi  trocil:? with on o;r,lloc-nyp r i r n ~ ~ f n  T?. 

I -- n.. ._... -.- -..,.. A common c a s e  of lo- %:put mil h 
from decreased emission of one or n a e  of th.e Lliodes. 
If any tubes are r ep lxe r .  11 w c d i  Le gooc p roced~re  to check 
oll the tubes on a tube cLec4f.r or.? use  only tubes vit.ict. 
have appraxl;lcteiy tt.e s c n e  emissior.. This  i s  j;rticularlr. 
o d v i s ~ l l e  i f  G nlJh Je,>rre of ialu:~.:? I S  dzslre!: , r i t i l ?  rhe 
bridqe uf 4 i ~ c s .  If :'ne x l c s  3re qmc, 3njtnsr  soss ib l i  

: > . .  , ,.. . . 
G U a c  U L  2u." ..,JL~UL-L,W.: Se i:!5U:I:Clo?,I T,02':15::02 1?3>! 

or insufficient r-i corrier input. ?,is coni i t lor  i o n  !x 
checne i  by 03SPIV!T,: t : : ~  s r ,p l~ t "do  3t t h e = . ~ \ ~ ~ f r -  ~ r p -  
spnt c t  tt? rnal .~i ,? t~oc :r;l~:t: tc t i ?  Lri::.. ;r? 3 !?,e r-! 

.. 
carrier ::.purs :a ::.i n:. :n. I: a r e  ;i it,? .n:uts arc .:A 

the  cause c m  be je:trli?.e?. .). 5: ;-;! ::=Cinii xi:L, 

oscilloscope orld ratinqony excessive attenuotian through 
the input t r m s i o r ~ e : ~ .  If ::e 2::lit;de of cither s imn!  is 
proper or. the primary oi  the respective i n p ~ t  tiansiarmer but 
law M tne secondary, tne tronsiormer isdefect ive.  ii tne 
ampl i t l z i  oi the input ?l]",:l i s  In\, an th-. p i n c r :  of the 
respec!:,.? i-p-: t:or5:s:-c: :hi :;;it!? likely l i e s  in l i e  
stoqes precedlr; tt>e balance3 mod~lotur .  

Distorted Output. Distortion could be caused bya  defec- 
tive tube. Another cause  of distortion might he o low r-t 
carrler mol t .  ITe r-i ccrrler s h o ! ! d h h  Q 90 10 t i l e s  the 
,7?,7,!:$ . - . .  , - "-. <[ :LC : ; . i~k : in , ;  si;:.:; ;sr 215I3:llaa ro be 3: G 

min~ru:. Do ro t  overloo.; the coislLillty that the - 3 d ~ ~ I a -  
:: ::;.n.r:.: :,:: CrC i t  -=-- '̂ . .,- '- ,. . , , c " - . . L -  ..,= ,>"!cr.ze: ::,3,:- 

ulotor. A n c i v s ~ s  of tile r ad '~13 t l cn  lnci t  ,.vitt. an o s c ~ l l o i c o ~  
WO~!!  l i~ '? l l  i! !b.Ii. C??~!!!C: e~15!~? .  

PRODUCT MODULATOR. 

APPLICATION. 
n. 1r.t c r u i ~ v t  :;,u?~iavur is use; in sir.;le s i ieband trans. 

mitters to prcduce o m p ! ~ : ~ i e  - 3 l u l l t e 2 u p ~ e r  3rt? h e :  
s i d c ~ a n d s  whie s : p p r e s : c r  !ne r ~ :  cc:r.cr. 

CHARACTERISTICS. 

. . ......... . .  -.-- . , ...................... 

CIRCUIT ANALYSIS. 
Genera,. TO n."2. - *  ,- -.... 7o - , 4  . L -V  .. .... . ............................ 

p i l i u r l uns  procucei ~:::~ilru:e moouicren lipper on3 inner 
s idemn6s  ~!hi\e supprrssln;,  o: ctinceilir2 the r-i c?r:le:. - 
l h e  smgie  sldebonc pro;dct mduia to r  u t i i i z ~ s  three t r i a i e j  

with tigo o! the!!: cz>o:,:t-.i i r  cotbode i ~ l l ~ ; : , ~ ; ~ .  !t is 
i;,teris:!rl.: I; note :;::: 3 ' :  i l r e e  fr l-TPT ivV,e - ? ? T ~ I C  

, , .- . . . , . . ........ ,- . -  ......... ?-  ... -".-,". "-- .-- ..-. .. .--.-.. .. . .  .... """.",.."".,.",A",. 
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ore irnpressei on the ;rids o: mtno5e ial!cv,eis, and r-f 
carrier cn: a ~ 5 i o  mod~lc t l an  are 2evelopej  ocross the com- 
mon cotilade resistor. Sire* t i e  nlo~i8,iotor tube iisa 'uses 
the sai:ce ~ o r i m L r  r e s ~ b t o i ,  U J ~ ~ U  !!~oduldtiun uni r-f carrier 
signal ,ialtcge Cpel:: oc :$P x t h o d e  of the xo?~;lnto: tube. ...-. .. ....... T-.  ' -., --, I-.:-- L... L.. .L-  
L , , C  ,-, """ YYY,Y , . ,YY_IIULIYII  Y i d i  LYYCLI.C, l i l  L l l C  

modulator tube on; xpper 3r: loswer sidebonds ore aenerated. 
Corriei ;~ppessi~~, is .jsi.ir,r& by ccoup:ino the 1-1 currier 
sisnol deveioped nt !he plote oi V1 to the plote of V3. Sinct 
there i s  1830 p h i .  diiiere;rce between t i e  r-i cariizr siyna! 
deveioped o t  the plate of V1 m d  ot the plate of V3, t i e  r-f . . 
corner 1s eiieiti.;eiy ;orccl:J. R e  ~.i3&:: r.~:jl3ta1 

. . 
when . . i ~ , i  11 i i ~ , ~ l ~  i l< i .mn ,<  ?~;! lcnt iors  ;.r?iucec : si3e- 
wnn ,.,- ]' ^.?I, ... bar --t. ,.+ ,-- -  !t .. -,:<!? . . . . .  

modulator a re  applied si::;:t-reously. The u s e  ai  c:::jode 
f o l i o w e ~ s  ?! i? , i r .s t~s  the r : ~ ?  k r  r-i :orr:e: 3 r . i  d i z ,  Y.G?L- 

]st inpdt ! f c:r,crL, 4E-c t:,2 cc(ns?.z f31!=; ?rc,ii 

t:e necess;? 1illpe;ance :.~::ii- ;it;~?e:. :i r r-: ~ ; : r i i :  

i ; t  7 ,  t p i  . 0 i L 1 2 t i l ,  anl: a!sz b t t i i i ~ l l  U1e 

audio orpiify!nl circuits an': me procLct mdnl3tor .  ??e 
cathode iol lorscs  ,air- provide is,>!,xio. ?.et\veec !he r-! 
carrier oscillator on6 the oudio c l rc '~ i t s .  By elir..inotlng 
thecarner  s2ppression provlslor the product modulator con 
also be ;;c: ;s : !ci 2;s:a;:;c: A-?.? ;lad~lz:oi. - 

l n e  ialla*lng clrcui: ilaqiom ~ i l u s t r a t e s  a typical pro- 
duct moduiotoi ior u s e  in sinqle sideband s y s t e r s .  

Product Modulalor 

-. , . 
. . .  Circu, r  Oprorion. .:,; : ! , ~ 1  ! . - ' I -  

. -- , . * 4 ' . . , , .  .~ ~. """'. " '." i.'" '. ' "  .'.. ..?.".'. -" ...... 
corrier to the 2 n d  of V1. Hesistor d l  aro 53 3re :rid resistor 
for V l  cnd V?, r e spec t~vc l .~ .  Scpaclt3r ''3 c o g l e z  tk.e r-; 
corrier cignol ,!o!taq~ ircm (5. ?!.I- of '$11 to th? ?!"!- c! 

V? !or !be ; : I ~ c E .  :i z7:r:er :;:;e!!2::;~. i'~;:;::: !? 2:: 

a 4  !Xe cl::e ::o;;:?,: : ~ ~ ; s ! S I 5  27.2 122: :c: :I ZE2 L, 
. - - ....................... 

Is~vci,,uirl. r i i a ~ a t u r  I l i  is 2 izr,lllcli rvi,,iii iis;5:lji ilii 
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oll three tubes 2nd potertioneter R6 provides a ccrrier 
balance control by varyin? the fixed bias on '3. V1 and V2 
which serve a s  co tho j i  followers coupit t i e  :-f corrier i n w t  
and the audio nod'~lot lon ir.put to .",e ca tnn le  of V3 .vhich 
serves os the modclotor tube. 1nd'~ctor L1 is  t i e  ; l l te  10cd 
for V3. and C4 capocitively c a ' ~ o l e s  the oenerated sidebands 
to  the iollowinq sto;es. 

T o  more easily examine the operation of tt,e s ~ n q l e  side- 
bond product r.o.?ulator, first cssune that only tce r-f cor- 
rier is o p p l i d  to the modulator. 

Durinq the positive ha!f cycle of r-f carrier input the 
conduction of V l  Increase znd the voltaqe drop ocross plate 
resistor 92 lncreose ccusmq a nejot!ve qoinq r-f carrier 
pulse to appeor a t  tne plzte of V1, m d  the voltaqe drop 
across  common cothode resistor R5 increases, causinq c 
positive qoirq r-f carrier pulse to appear a t  the c:tiode oi 
V1. Since the coti.ode of V3 i s  directly connecte? to the 
cothode of V1, the positive r-f pulse appfors on the cathode 
of V3 and decreases !he c a r ~ : ~ c t a r  of V3 causlnq a positive 
going r-t pulse to oppeor a t  the plote ofV3. The neqotive 
r-f pulse on the plote  of V1, i s  coupled thmuqh copocitor 
C3 to the plote of V3. If the r-i pulses from V1 ore equal 
in amplitude to the r-f pulses from V3 tb.ere will be complete 
cancellation, ond d.e r-f carrler ;.ill r o t  appeor in the m t -  
put. The relotive amplitude of these  I-i pulses rrcv be  
varied by the adjustrnmt of Rb ,which varies t i e  ooin of V3. 
' h e  positive half cycle of r-! input \vos used only to illustrate 
circuit ooerotion. Circuit aperction i s  the Some for 0 ne33- ~ ~ 

tive half 'cycle  oi r-f i r w t .  
Thus with only the r-f ccrrler applied t iere  ,will be no 

output from the product r.odulotnr. 
When o ~ d l o  i-odslatlor 1s applied in addition t: the r-f 

corrier upper cnd !ewer sidebands oie  qenero td .  Audio 
modulation i s  co\lpled thra~;gb, coupling capacitor C1 to the 
grid a i  cathode follower '12. fvzdio frequency voltaqe ore 
developed ocross corrrncn cct:?o?e :.Elstor R5 and a r e  
directly coupled :o tk.e cati,odc a! \13. Tke r-f ccrrier and 
audio modulation beot t o q c t b ~ r  in '13 c r d  four has!c fre- 
quencies oppeor in tile p l i t c  a r c ' l i t  oi V3. These !:e- 
quencies ore the origincl cudlo msdu!3t10n, tk,e on? i rc I  i-f 
corrier, and nei":ly generctei E I - ~  c r i  d>ifeverce freqcencies. 
The r-f carrier frequenn; ;resert in i e  p l x e  c l r a i t  of \'3 
will be canceled by tt.e 180' ou!df-phase r-f czrriir s1or.01 
coupled to V3 from V l ,  as explolned in the previcus poro- 

T h e  oudla modulotor present in tk.e plote c : r c ~ i t  of 
V3 i s  not developed in ti.. al;tcut s lnce inductor L1 presents 
a low irnpedcnce to audio freqlencies .  Tne generated siCe- 
band frequencies, refcrre? !o earher os S U ~  3nd difference 
i requenc~es  ore developed across indlctor L l  and capaci- 
tively coupled through C4 to the followinq stages. 
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checks con be followe6 up, .:!itb, the equipment de-enerqized. 
by a resistive annlysls  of circuit components to reveal the 
component a t  fsul t .  It should be noted thot the projuct 
modulotoi w ~ l l  produce an output only .when bath r-f corrier 
and ouj io modulation are  present on the cathode of V3. Pre- 
sence  of the r-1 corrier on.? the audio modulotion can be 
determined by obsewinq tb.e  wovef farm witn a oscilloscope 
on the cathode of V3 ,with modulation opplied to the transmit- 
ter and the corrier oscillator operotinq. If either siqnal i s  
missing the trouble can be  localized by siflial trocinq frov 
the siqnol source, either tne corrier oscillator, or tne oudlo 
amplifyinq circdits, to the cothode of V3. 

Low Output. A likely cause of low output in the product 
modulator is decreasedemission oi the electron tubes. If pro- 
per operotion i s  not restored, o defective circuit component 
could be thecause  of low output. A resistive analysis  of 
circuit components with the equipment de-enerqized would 
reveal o defective component thot could be the couse of lavi 
OUtPUt. 

Another possiblecouse of low output i s  decreased a n -  
plitude r-f carrier lnput or decreased amplitude oudlo rnodula- 
tion input. The exis tence of this condit~on can be readily 
determined by observlnq the amplitude of the i-f corrier 
sign01 and audio modulation present on the cotnode of V3, 
with on oscilloscope. 

Distorted Output. It should be noted thot distortion tvlli 
occur in SSB systems if the transmitter and receiver ore not 
exactly an frequency. D~stortion in SSB transmitters usually 
results f rom improper operition of the l inwr power amplifiers 
or by operatic? any s taqe beyond i ts  copobilities. 

If the modulator is deterl-lned to be the cause  of d ~ s t c r -  
tion o likely cause  of distortion wmld be lefect lve tubes 
or o defective circuit ccr.ponert.  The tubes ccn easi ly  
checked by exch.anjing then 41th tubes knovrn to be qood. 
Resistance checks of clrcuit rompanents :would reveal i f  
a defective c i r c ' i t  zo1:rpnrwt i s  !t.e csuse of distorted out- 
put. Pnwer supply vol tales  snauld oe checked and a d j u s t 4  
if necessary to make c e r t , m  tnat c defective power supply 
i s  not the cause  of distorted output. 33r1t  ove~look t i e  
possibility that the nudlo zodulatior r,:v be distorted before 
11 reaches the product mo!l1l2tor. To check for this condition 
observe with ~n O S C ~ I I O C C O F ~ ,  :!I- qllallt~. C L  the audio modu- 
lotion present on the 711i of ?li, .:iltn 0 3113io t3ne fror. a 
audio slqnol qenerotoi apcllcc to the modu!otion lnput of 
the transmitter. 

FAILURE ANALYSIS. 
No Output. Failure of olmost any component could be o 

cause  of no output in the product modulotor. Check 
the power supply voltaqes to make certain thot a .lei ective 
power supply i s  not h e  cause  of no-output. Valtoqe checks 
of tube elements will reveol if o component foilure i s  the 
cause  of no4utput. Any discrepancies found durincl voitoqe 
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PHASE MODULATORS (PM). 
in phcse modulation, sar.efirnes referred to as inzirect 

!rer;-enzy ? .dd3 t ion ,  t/lc xd i :  ;i;n:! is z s e i  t 3  ;%!t the 
phase an6 rhe i r e q x n c y  ef the ca::ii: !:eq-ency, :cc-!:in- - 
in o irequenq vari3t1or in fr,e O U ~ ~ J ! .  i b e  3:OGCt oi ;nose 
devintion is r i i r ~ r t i ~  ni-nnr!!nl,?i to !he rlrr:l!!t~~?~ gf i+.t. 
Gild0 ~ l 3 2 ~ 1 ,  G Z ~  LL2e ZXO"flt 6; ~ ( E ~ J ~ D C ~  ?evb2t12c, LS 

p i o p o r t i o ~ ~ l  to !'.e freqccncy of the cs? io  si31-7!. ?,.r i!!~!13- 
tion of p h s e  modulction i s  sb,oiir, Seliii .  

Result of Phase Modulation. 

n, ."!;A 1 ..,.-p.mcnn.r + L -  -... ;". r r i  .. 
. , ,b -".." ..~," .. ? ~ - "  ..,,- ~ . , -  L" ..... "~ .,,< .. ,. ..,, 

7 ,  audio air;rloi is intra.;uce,.: ur  m e  bp31nnlr.q ai ri;c I I ,  t:lr 
next pos:tive peak ocmrs ,  fo: ?xamp!e, a t  1ir.e T3, shew; 
In dott-i? I;:,Ls, lr:stis-. zi  ;lt 2 t i r e  '2, ,v*?eie i t  hol,i.i 
normally occur. S!nre t q i  p?a4 follawinq TI ?o,.~! u r c i r s  o! 
a !,zter :::.e, t!,e P:,~s? z: tk,e adfpd! 1s 32; .  12;,2,7,2 1 ' 3 ~  

, . arrie:.  By tb.e s a x e  tokin, tk.c p h z x  c3i 3c cnanoc3 to a 
!raijni one :-SF ~ i i l ~ i n r i n r i  r/ 7 i ~ ~ n ~ l  ot n??n<,te 

po!arl!v. :?us tk.e amount onJ i i r ec t l a r  31 3 k . c ~ ~  shlit  YCIIPS 
In 3 ~ . c o r d o x ?  i:tk, the z--.~!i:.dir 3rd ~'!311ly 3f the :;?io 
inpdi. A irezu?:iiy v : r m i ~ ~ n  U!SO OCCUIS ir the outpbt, 
beco."n ,Lr,:it".  .̂ Si ? ^ - .  ,. .. quc8.,.7 i t,.. . . . d - d ! ~ t l r , q s i ~ n d  ,ce:ermmes 
*" ~ , e  rzts Gt :.:.,:I. I:..< z. , ,z:c ,cf ::,:. ,c2:rLc:r :c,",,at?s, an,! . . ~. 
l l .db del=:,.,::!es, ::;r . ,,>:.:.: ,>: ::r,;de:lK'; 2eJ!::lY>P.. 

Tr~e irequenc; 3i ! i e  L ~ I T I ~ I  ELCIC. pilose shif t  O C C ' J : ~  

1s collen tne center i r iq  1~11..\-, .11+ li ~ P Y F O ~ P ~  ilv i CT;-,!~! 
-" .. A-.. ................................. 
-"..,.-i._Y "llii._ili, .... "i i l i . , i .  . ,.. iniiiii, .,=- 

, . - . . . . . . . . . . . . . . . . . . . . . . . . .  ,* ........................... .......i.... - ~~. ~ . ~ . , ~  ~, ~~ 

. . ..... ,<% .., . . . . .  , . . . .  ...,. > . ,  , . ,, , ~ L  -.... - 
""t,] :Iter tr:. ,:d::!-: ,r-q.leq.ci 15 :sr.:rjl:: :p,: !: :: ::.!: 

. , . , , . . . ,  ..: . . . . . . .  ...- -i ....... -. ,.".. 
;<It!! n> ,3,,,:,,- . , :2:i :;:., ..,, 3F.i.i t!.le c:rr]?: ;:2:,,c r,7,, !,> 
, ,  ............. . . , .. 

. , , .. , , . , . , , , . . . . . . . . . . .  ,",,"",.. """ ..... -. ....... ~ , , " "  , , , -  ~ - " ,  
'k,e sinnol :o no);? r l t lc  ct t b ~  L I T ~ P I  c:?~:; :I?< l in?/e' i  

n 3 j  :,c LC;.::. .: :: ::: ::::; :i:.:cr : ; i t  ::? c,:i; r , s ~ : ~ . ~ i ~ i r  
: , :  , " . . . . . . . .  . . - i - . :  . , . I  ". 

, P , , .  
1 - 1  . , .  . 1 ? . .  - . . .  .. " ?? . " ......... " ."., ".. . . . . . .  . . . . . . . . . . . . . . .  ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. ICYI IC I ILV  L u , . .  'I . :..11> -1. ? .- >,.., 1 1 1 - 1 ,  . l . ^  \ 
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p e l s c t e s  to: m y  : - r r i ~ s ?  !- :I:??.-t,;-rcls? r x n  a r  rm5ec 
by ranic-, 51;- fre<ie-.cj i o ~ s ? .  T.1: ::i:t?z 1 s::tc 3i 
K?,b3!c p,ce bev:,e-: !?,? ::::!::.: :,; c! !:,ek,!.+ :-j l:,,. !re. 
quency c o ~ p o c e c t s ,  r.! !! :3  c?Ic?TE'~!~? f71 !fi !he TF.C:!.!FT 
. . . , , ,  , 
oy tne 'JSL 31 7 CE--C::.11:ISIE ;IC_!:, T ! C .  :FI!LTIE m e  3;- 

?"<it? f ,~,nr, i?" ,-,i ?F*-nr,-,.?,.-, :. 
. .  .................. ' . .  . . . . . .  ,,,c d,CL,C>, .,d,,L.,Ld.= L,. L. . ; " . .ba=  ..,ddu>d.u, ,a, 

pre,!i~us!y -E..!!~?.?, I:- .-i:-.!!??t ir.c,.elz,; zt.til?!.. . < 

which resul ts  l r c r  t 5 t  i;e 3: c s r j s t z l  osc~I!:tar. 
",e :ivar.::;. I! tk~: :).;- 3! rc?~.!::lon over 2-:: I C  

i f  . o i s e e , . ,  , l ! t , .  : , . ~  7 -  ,L,>? 3, - : -  ,n,, - I -  a - ,dr\,.,,,Le 
gTp!ltG<e Tq<9) 3:!9r, <,f  :.~,'~ ,- :r:,mr, cT t",- rqyrlvr. (,! ,:?- 

Eo:L:2tiGr. ,:;:.;!, ,, ,.Y,~, :: ::::,<:.,- t -= -= - - -  ;-..-- . . . . . . . . . . . . . . . . .  
, , " . .  * - =  ........... r;.,,..* ... . . . . . . . . .  
p! l tde  ,iarlat:,:ns, 0s 1- :-: :?zr~,;eri, $.IS r::,k:. r.,~:se 
, , t , . . ,  , ' :, ...--...- , . . , :. , ,  . :, . .P  x!.; 

!O c>,cr,;c: ;:. !:.;:cr.c,, 2: 1:. :?, !-:, : : :~>JC: ,  ;!.:*2 !:d 
. 

ili2:IIIL J-. .... : . i, . .  ,.T<;. ,; Z:~;.,, .. L ,  . <. ::, :.- 
lo-nalse r>;>:. ,;c:~;:!~, ;! ;.- ;:,,2i;I:tlo3 i: = !cr:. c! !-::, 
the i!licre?ci ! : e ! c ~  t ? ~ :  . : .: ,I~:F~; i-7 15 responslvz ;?!v to 
c k , a f i ~ ~ ~ s  ir, a ~ p ! i ! , t ? ~ ,  ;-T, i; ;?::?CF. :I.;? :a nctb A -  ,, , \.. --- , 
plitude oni:;. l:cc~?rc;. oi h c  mod:.!3tior,. 

A Setter unlcrs: l1:r:lnq at ancsi nl:,.iul3!1on con 3e oC- 
tairi.? fm-. tqt. icllc..,??; ie.crl.ti.... ci svecii!: ;.?,:SF 

mduI~2r,2: z1r: .I:>. 

BASIC PHASE MODULATOR. 

APP?!CAT!ON. 
z'ne p2,:sc ?.d: . i  : I 3 7  1:. .A:;?: !:, ;.;',:;,!:ltters Tti ',U,,,' k.r 

lrcr;.ler.cy o: ac r-i  ;;:la1 11 a1:::13::? x!t? tbc ~n t i l ! ! ; e~ce  
io i . ~  tranirr:ltri;. 

CHARACTERISTICS. 
, . ; fi;cler fre*uencf 1s s"g:jlle: 3< ,: c:<st~! c2ntr31!?,j 

"EK?!!?!"~. 

Fr~qurnm stoh:,:; IS Pnri i.:::. 
LJos ,= \::;>. :.::,,].::.~.,::s~ :::lz, 

- ~ 

irperatez %I; t l e  i l n a r  pcrtl::. r;! me Lo - p c#,:,;e. 

CIRCUIT ANALYSIS. 
a::;:, .: :" . . a ! . -  
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Vector Diagram For Increasing Grid Voltoqe 

Yei tor  Diaqion For Decreas ing Grid Voitoge 

Ef fect  of Frequency and Amplitude Changes of 
Modulating Signal 

since the iorrier frequency F, is I: 0 a t  t b , ~  same icstcr,!, 
h e  sum uciue {Fi + .pi) I> s t  ti0 vult- 'ur13 by a s s d ; ; ~ ~ p t ~ c r l  
l eads  F, by 90 deqrecs. As the modulat~on valtoqe (F2) 
decreases  to +5 volts, the phase shl i t  is reduced to one- 
hal l  n~axir~on, 51 42 ,ie4rees. .&.: ::,is  fit, Yi k.cs xr.- 
pieted i80 jeqrees  l f  1:; s y s i e  cr.: is nt 0 voltclcle, exce j t  . . . -  , -  
ihat tne 45 d y e ?  a i.icccp ~ K P S  r".e sm~m or r ,  a m  r ,  '7 
. . . . . . . . . . . .  - L . . .  . * ' L . .  ._ .. ..-*..-.- ".., --I ... _. .... .. 

mo~ula t ion  Vsltzqe i, coi:;rdes tc decriose ;nd rezchi; C 
voltage no iurmer $nose shiir i rcdrs  ;ni m e  c3:iiCi cn: - --,...-.-...-..-.A. ..- .... '- ,- ..L-., ,-, .h<. =".-, . .  ,,,, ,, , , ,  , , , ,  ,, v , ~  , ? > , ,  ,, . , , , ~  , , , ~  ,,,, ,  , , ,,..,, , .., ,,,.., ." -.,,. . , . - > ~ ' ~  

, . 
,:.<. "n-nletP" 2'" ^ p ^ r p p y  c. :,, ^ ... :. .? n\.r::! "::::: TrcI , / ,~ , 

- ,  , , -. 
in--"-- *- -. ". , ..".""" " . - "  "" .,,.- ,"^,.l,,,,?, . - . . . . . . .  .~ . ~ . . 
c,cle ?,N cor8tires, st?.. p2 rL,a~trs  -5 \,11ts I! G!:C . . .  

^ n -  i -..-.- -" "L.:. ^.,. ..........., 4 ...... 4 .. -" --..- , - .  < . . . . r . .  ......... . . . . . .  - -. 
,n 0 ,wd;,r,q ,>1rec12,>r,. , : t r jcI~,~, ; ,  G , : : , s d , ; ! ,  r .s GLL"G~."  ,. n .L= I.,+.. ;.._ -.-A . _L ..-I.. ...-:.;-o; ... " . - - . - . - * *  ....--...r.-.-u--- - . - . . .  - .*. 
rLr."n *, C T- ,&;.. ---- "? ,'-m -: c L : ~ .  : - ! IP , : :~  , k "  -. -. ..... ... . . . . . . . . . .  .... .......- 
mouuiorlnl voimqe, ieaoinq un rr:e puh iuve  nu;; cy;k u; 

rnodh t lon  m,ri laqq~n, lavsr  tile r scz t ive  t a l i  :;i!e, ;;I<-, n c  
U I I I O L ! ? ~  oi p:13Si. i l i t  t r - ~ i l ~  p:oportlon~i io 1'3% i r l s t m , t i ~ ~ ~ s  
amp:i td?~ of  the madu lo t i r ,~  s imol .  

. . , . - Di inl:~t,li:;  t c i  :.?.;:ijcs:.i? je:.veec ;. x.2 F, ( x r :  
, ,  , , . - 
~~, , , , , ,  - ,  .,,,- ', ,., i ' , +  :.I,,,= ~ - ~ ,  +7 ;< i,-,r ; , ,T< : ~ ,7< ' ,  ;: - ...... ..-.... ....... , . 
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explaire!, -e see t33t ;:Len n r ls< '~lnt lon !r-,quency WLCP 

that of F, is use,2, +,e sum si,o.:.n ir port 2 c i  the ilrur5 i s  
on i n c r e o s l q  f l e ~ ~ ~ r c y .  S ~ r . c i  f r e q ~ m q  c~^\,lotlon lnCr?O:e5 

with an increase in the xcdul:tlcn f r e l ~ e n c y ,  d-1s 1s the 
result to be expected and proves our previous assurnDtions 
to be  correct. 

FAILURE ANALYSIS. 
No Output. 1 l i ~ f e c t  in r i c i l y  3r.y cc::ponent in the 

circuit con cause o no output condition to  exist.  Check 
with on oscilloscope to make sure that both the osc~ l la to r  
m d  the oudio moduiotian ore present ot the inputs to the 
circuit. If either one is miss~ng ,  the modulator i s  probably 
not defective, an3 the output will probably be restored with 
the restorotlon of the missing input. If both inputs ore 
present, disable the oscillator, ond check for the modulation 
input of the grid. If not present, check transformer T1 for 
continuity with an ohmmeter. Check R1, R2 and R3 for a 
change in volue, and C2 for a short. Disable the oudio in- 
put, and check for the presence of oscillator irequency on 
the grid. If absent, check C1  for an open. If both s iqnals  
m e  present on the grid, check R4 for value, and L2 for 
continuity. Check for the presence of plate voltoqe with 
an voltmeter. Check C3 for o short, and C4 ior an open. If 
a n w u t p u t  condition s t i l l  exis ts ,  check oll capacitors with 
an ins i rcu i t  capacitor checker. 

Lor or Distorted Output. A low or distorted output 
can a l so  be caused by a defect in neurly m y  component 
in the circuit. Check for the proper amplitude of each 
input signal cn the grid of tube V1 with on oscillo- 
scope. If low, deterw~ine whether i t  is low due to a 
defective oscillator or audio stage, or if i t  is o 
defec t  in the modulotoi circuit itself. If locolized 
to the i..odulotor, cneck tron5ior;ler Tl continuity and re- 
s is tors  R1 ond R3 w:tn on ohnmeter. Check i for proper 
volue with cn inxlrcul t  casccita: cnecker. Check 04 for 
value. Check plate voltcqe ond deterxine whether cr not 
the power supply 1s defect~,,e. Check C3 and C4  ti- on 
in-clrcult copcator  cb,ecktr, ond check the cortinuity o! L2 
with or, ohmnett.:. 

PHASITRON MODULATOR. 

APPLICATION. 
The phosi:ran 1s used in t:3rsmltters to vary tt,e ire- 

quency oi an r-! signal in xcordance  witin the ~n te l l i ce rce  
to be  tronsr-itted. 

CHARACTERISTICS. 
Utilizes c special j:tc:itron t h e .  
Carrier frequeri: .s SLPPIIC j-. o crystal controlled 

oscillotor. 
Has o h13h sicn~!- to-~.oise r ~ t i c .  
Operotes Clzss  "A". 
Frequerc\, s t l b l l ~ ~  is iiccl!e:t. 
Output ~ ~ o ? u l z t ~ o r ,  pro~art1or;l t3 00th ozplltude on6 

the frequency of tb.e cu?lo ?1~:~13tlor .  

0967-000-0120 MODULATORS - PHASE 

CIRCUIT ANALYSIS. 
Gencrol. n.i phosltrcz perf-r:.; ;re i,<lctl:: sf c j!,ase 

modulator tt.rw~;+ t,e use si n s~Ec : :~  xi;, ~311e: tne 
phositron tube. Tr:c c r r i e r  freq~e-r;. i s  >-cerc:e? jy 3 

cryst31 controlled oscll:ctzr, or; ;c'~p!i? : n r o ~ l n  c pb,asr 
splitting nt tnork to the t;ke. Tie  mc:d1n:l;n i s  CPF:!~'. 
induct~vely t? tne  be thrcu:k .: r c ~ !  :r:znlei n r s r ;  the 
outside oi thetune, 2nd t L l t  r ~ s u l t  17 tne ~ . : s u :  1s c j k , a ~ -  
ond f r e ~ u e n c y  n c d ~ l , z t e :  c:r;lL:. 

Circuit Operation. .: s d e m t l , :  :1131137 ci a ?kccitron 
i s  illus:rote6 Selox. 

Pharitron Modulator. 

Before ctterr,ptinl t c  unierstond tt.e operotlo" 3f the 
phasitron circuit, a basic undeston6inj  of the speclol tube 
utilized i s  essential.  Tne illjstroticn belo:.: st,aws the 
basic confiqrat lon oi the i t r ~ c ~ ~ ~ e  cf x o d e  nun'ljtr 1, 

CHANGE 2 
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tt.e foir ,:eil.:ct.on 7:. :;, : i ,  32, T j ,  3 1, 7 : :  t t i  elcztrcn 
SIILLT, . !::: CC ;,;: ' t l l !  :lr: : :: 1. r  2.-i.!;tlCL ~ lc i? ; .  

MODULATORS - PHASE 

I I ,ELECTRON I 
STREAM I 

HOLE 

ANODE NO. I I 

r \  A A A ! 
0 2  03 

HOLE 

Phorifron Anode Structure 
and Eleciron-8eom fonitqurtltion 

with no Potential Applied 
te Detlector Grids 

04 

I \ A A A 
03 0 2  

Pnc3e n z b c r  ! r:cc nz!:'; ;-x::;i z: :-;.,!;: :::;i.;:!; 

obuve oni b t k ,  2 div l ; i l i l  ;mc. ?,c : : : J  ioc,ls!n3 ::!is, 
C, ^__  c- -.- - , , b8,d 2 ,  ~ u L ! ,  *,a! 11 Sr!2D?S 1\16 eLe,:!!u:, :'!WW- I P r V  

n !!n! ? ~ c ,  ,.,?:c: i ! r ! k ~ .  Z C C ~ C  z::,sn: 1 :r C?~:,C. 3~:::: 
anode r,urnber 1 is clnot2er cnode, : .b~-i- r-e?lv:: Ihi ~ly:- 

. , 
troas .;:k:i:k, zre ;er!r.:t:C: ::.r3"<:. ::,: :.Li2u:7, ,:>s:e 
number I. w s ,  i ! t r l  .IC wten!nl  a:l;rl!?l tu nc- ?f . i~?~13r  

g;,zs, 2ecrii Ki:: :..::Z,t flc;..5 ,n ex:, ?:a:?, 

I:. ~ D ~ : ~ ! I X ,  I , Z " , . ~ , + : ,  z:sr.t.,ds JF ,:?pilei !:, ~ -.:< 
. . .  

Jc!lec:": ,;:1,2>, a:#,: t1.c. j  J C L  <,;,c: ,Lu 2c;r,2.:,5 2,J! : , I  ;r.:sc 

w i n  e z d  ot:m.  bpar ri+:?3r.?nn; 1r.e eiictron x c ,  ;;: 
thls 11r.e with !k.e ;:,!.mt::ls 3palle; tc <.-c :rile-!or il,7!cs, .... 
L.,L ,cs";; ,5 ,.L2:~d,cv dcicb',. 

% . ~  , . . i .v  i i i l , i .  l i , i _ i i .  - 1  .i i > _ , T I  : . : i .  , 1' : . . -~ . . .  . ..". .. . ....- . 1 .  ? 1 . " .  . .  : . . : - L C . .  i. .% - 
. - 

t k  ~ i o ~ c  c;:rinr 1: arc;; nsr.ot: L .; ZC.: ? i i ~ t i r  : 6 z  
. . 

L:,", "L A:,-<? :," L,: L. <,.:.<< ;::% ,,ui+r.K2L2 ::, L L ,  L A ,  
. --  

or.: L'4 i:: ;cr;:l;t!; ,::.,JI.. :!:~.a ::: 2- ::: :l.:,:;s .,:#, 
. . . . . . . . . . . . . . . . . . . .  .-<. .. .^ ... - -7. -0- . . . . . . . . . . . . . . . . . . . .  . . ,. 

;;.;;.,.;,., ,.:,.. A;:;.', ; ; . I  .A;.;,: ,.. ... i:. ..r :;; i:1- '.'"': 
lines, r?s,,:!:7,2 1" ?,:.<I... :-, ?!,3tb ,:I.rT-?! !? ?-cd: ?.m-:-:,e: 
1, ;n; r ; ~ r , l : : , ~ - ~  cu:isrt 13 on;;eruxoer 2.  For unv ~ : l ; < i  

hptc.i.nl *LD5" ...- -. .--- ---;- -; ;;; .................... .... -, ~ . .  ~. , 
.,. - . . . . . . . . . . . . .  , 
" , . ........ . .  ,. .. ..;:*.;!,~;, I . ,  .... , I V .  

*-:.- -.- ....... ," . . . . . . .  -. - . . . .  ~- .. . .  j" ".< iUi, _I,r ,,,, L 1 -  1 . .  i. - ' 1  - . : I  

0 4  

Phor i~ ron  Anode Structure 
and Electron-Beom Configuration 

with Potential Applied to 
Deflector Gridr.  

<r;c!cped ;:2;:,3 :%s c:i! ;c:,:2 :: i:,c :e:ss 2; :e- 
crease the spee? of rotation of the ilec:r3n disc. 3,{ i ~ .  - 
creasing or decre3sir.q the speed oi rotctl-.n, :be irequen:~ 

and the output fitquen 

. . ' L .  I. ---  L - 
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oscillator frequenw, and it is to this frequmcy tnct t5e 
plote tank circuit is tunej. 

When modulotlon is applied to the coil surround~n~ die 
tube, o maqnetic field is developed, and thls field advances 
or deloys the rate oi phase chonqe of the electron stream. 
Thus tie phase of the output leads or laqs the osclllotor 
frequency by an amount whlch is propartional to the om- 
plitude and polarity of the modulotian. The frequency cf the 
modulotlon determines the rate ot .which, h e  electron disc r e  
totes. When the speed of dlsc rototlon is increased, the out- 
put tank excitation frequency is higher, md when the speed 
of the disc rotation i s  decreased, the output frequency i s  
lower. 

Rlhe overoll result i n  the output is therefore o s~qncl  
which changes in phase and frequercy as the audio i-odula- 
tion vanes in ornplitude and frequency. 

FAILURE ANALYSIS. 
NO Output. A no output condlt~on con be caused bv o 

defective V1, and open R5, o shorted C1 or C5, a defective 
T1 or 7'2, or a loss oi the plate supply voltage. Check 
for the proper plate supply voltage with a voltmeter. Check 
b t h  transformers with on ohmmeter. Check R5 for value, 
ond Cl and C5 ior a possible short with an insircuit ca- 
pcitor checker. Do not overlwk the possibility of either 
of the tank circuits being misaligned. 

Low or Distamd Output. A low or distorted output 
con he caused t, o defect in any component in the 
circuit. Check for the proper value of plate supply 
voltage with a voltmeter. With M oscilloscope, check 
the presence of both the carrier and modulation inputs 
on their respective elements of the tube, a s  the ab 
sence of either input will produce a distorted out- 
put. Check the aligrnent of bath tank circuits. With an 
insircult copacltor checker, check the value of all capoc- 
itors, espec~olly for o distorted output condition. Cneck all 
resistorswith an ahnlmeter for proper value, and the trons- 
former for poitiol shorts. 

CHANGE 2 
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FREQUENCY MODULATORS (FM). 
In frequency na.iulat~ar., cn audio ;i:ncl 13 lase? 15 -::;it 

the irequenw oi an oscillator c t  on audio rate. The riite at 
which the oscillctor char-:is i t s  frequency depen:; 8;pcn :ne 
t r eq~ency  of the mo?ulatirq ..~,>cn!, and the ?~-zict:sc (he 
amount that me f r c z ~ r r c ~  s ~ f t ;  irc::; tie ;-enter f:eTdunc:) 
depe~sr upon cmpl::;::; :; ;!,- i i , ~ i , ~ l i t . l : . ~  a13nr;1; r;s 
illustrate? ~ Y ~ I Y . .  

- 
MODULATING SlGN4l 

- 
CARRIER WhVE 

" 
FREQUENCY~MOCULATED SIGNAL 

Frequency Modulation Waueformr 

0967-000-0120 MODULATION FM 

part B, the carrier frequecc, cicnqez !:om U1e :olniljl c en t e r  
frequency to nlgi-er fie;uency, hock to ncrr.01, to c lower 
ireqdency, and bock m :~srmol 9qc:c 3s sno;::: In pcrt Z. 
>,is.,c:lc:io?, :5 in  2i:ec: :cc312zr,cc ,:,it!, ;>,c 251zr;:v 

n m n l i t , , "  "nl *La .,nlt""n ^ I  .L" c.-^ ... n- 
"j .".,"*. ", ..._ lj,,i I 1 Y " r .  i . l C  l l Y N  

r.um fresuency crcn1e fro: :mte; iieqsencf, whlcn depends 
)upon riw nnp'!!~:" .! the i?cr?!, :E cd!n< %C df..:i:!:z:. 
?!ole, in p ~ r t  ~f th2 fiquie, 0~12; :ile c j ~ l ! h , u ~ ?  ui tile :xud- 
u lc te i  cnrricr ! z  322f:33t. A; '. :es;!:, i:i:.?,c; 331i!;- 

tlon i s n s t  53 s ~ s c e p t l b l e  t i  stotl: 35  IT^ i l r i ? l i t~? i  r o d ~ i a -  
, , 

tion, md it  is fcr tki5 re3s:c <:.zt 1: ISSSCI 11 Li;h-y"lity 
transr.l;slon 31 smn1. .,,ii ns i ~ r  -us::. 

Since run-:,; . , O , l G  , > ,  il.; 'Jnr!?:? !.f ?::-I: ~ : C - ~ ' . ~ ~ C , C ; ,  

tie sip"l.lc .?,z,i :::lc ;: :i . . - -  ., > , ~ ,  - -  - -  .!it 
. , " : . : : 2 y -  : ... C::.il :-.-ir i s  

couple? tnroL2n o p:c-e:.pt.a;i_ :-::.~:l iet;rt xlr: p b l l e i  
to i r e q o c ~ l l t a r  :!Ic,~!!. I=i:::-;~:k?;.: :?:.::c-\ ;F-T::?.?~ 

!he TPl -i- - :  -.-;* ..- >f  . . - I  ,-I--, '.. . :. . 
L 1  ; . . . ,. . . . . .-, 

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

, . or.; iecrezs? ::, ;:;r,zl-t:-n3is< rs::c 2 ;  c z ~ s c :  2 ,  :L:~.-c,.. 

hiqh Licrl.~rncy noise. This :ri;tis 2 s::!'; o! ~.ln-!,:--.; re- 
t\veec 1% c;?,cl1tu2ezcf ti,c b,i;k. I,?.; k~~s~er.:<! ,ccr!,.- 
porer:s, h t  I: i s  ;smsc;;cted for in 1t.i reeel:-: I v  ti?? 
useoi a ce-ecpr:1: 1.. slrsult,  wncn ptrtorms !re o p p o s i t ~  
fcnc!:?? nf ?re-e-;hz;:~. 

-, ... r . ,  ...... , J:, -;!L.:L:.:. Iv;;.cer, i-r an4 a - r  is that me 

OT.;~IPJ:;C ~i t::? !::. :;i::.:: :: cc:,s:mt, ,%t ,~ le  a-:. cepex3s 
upan ornplltu?e vl:13ticni 131 t'ne t r 3 r s ~ i s s 1 o r  of intelli?inee. 

yIe 3?..^-t^qi ^: > -1 -,. ". . . . a  .,.L 4. ...r.-r!atia:i i:~: 3-ii. is i t s  
nnlrnra,, - - - r ' . , ' , . , r ;  l < - ~ .  -":?- .:--.,,. , 7 - 4  -- . . .  , _._._ ". ,, ~ '~ . .  

. . 
aT,pll,,;,: -.G;L;::,.~, ,L; : .z .-;.,<,, Lr m e  ccrr,e;.pl,As- 
rneiu!utlc. sqnn!, .::;I:? :? ?--i!ez t: t l c  :e::.c:;!l.n; :;;ail 
7 ,  t : : r : : .  r . iesponirv- rtr i 7 11, I- 

.,~:rlitian.i, ," ,-- L.-rs, !his rp:n~. n,!.- ?: ::!:C:n 
3rd i:i!lli&. !i 2.: iCi: . iC: L.< i 2 S p O l : S l r  I0 1:1.111:?5 

I. f:aq'~a:cy. 2s 1:: f-,:. :::ccl:c;o, ii;iji.eniy -o;x!aiion n o k r s  . , 
305S.-," ~ ,,,., ̂  " ,L,,..,, . ..., , . , - ,  - .--r',;' 8 , .  th;, il..r.,-.,n."~,;a -*.,- 

~ ... -. .. .. .. ". 

BASIC REACTANCE.TUBE MODULATOR. 

APPLICATION. 
- .  
l i e  !re;Jenz; .-c::.!::2: 1s ;:i? ir tm tronsnll:tils tu 

, . . . -. . , . . . . , , , .-., .. .. .i.. . ..r . ,-. .,., , i  ~ . ,  d,..,-!"J!.-c +,I!:, 1::c . , 
,ntell17ez:? :: be ::a1,;:;,1::2;. 

CIRCUIT ANALYSIS. 

:nt. : :,A:!; :le4,:CnTy t-?n:Olrl"i !be 
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nal. The p ~ l o r i t y  of the xodulntior ietermincc t i ?  directlor 
of the frequency snif:; for ex=-ple ,  c? incr-3se :n 3ici:13tcr 
frequency i l r  a pasitlve pclorlty, . jnj a ?ecrccs= in irr- 
quency for n negative polcrlty. The rcte 3: wt,icb,  IS f:e- 
quency deviction occurs  is deter::inri -.j the ireqcency of 
the oudio rn3i~l3t ion.  

Circuit Operotion. A s c i e c 3 t i i  :io?r:nl of o basic re- 
ctonce tube aodulotor is illustrate; bel~. ,+.  

TO GRID W 
OSCILLATOR 

AUDIO 
INPUT R I  

Basic Reactance Tube Modulator 

V1 performsthe klrct ior  of tL,z i e 3 ~ t i l ~ c e  t ~ b e ,  usm: 
cathode bias, suppiled by R1 zn:! 7;. L i  i s  cn r-i choke 
which a c t s  os the plate locd, .:id keeps the c-c companrrt 
of plate current o ~ t  o f  the p m e r  supply. Capacitor C2 and 
resistor R2, in parallel with the oscillator tonk clrcult cun- 
s is t ing of C3 cn5 L2, pe r fc ros  the function of a var:cSle 
reactance. C4 a r d C 5  c re  pi and plate c c ~ ? i ~ r . - r c a p c c ~ t o r s ,  
respectively. 

With no o u l l o  s~qmcl  oppi~?d IS tne 4i1i oi  V1, the o r l ~  
voltage present across  t i e  ZZ, ?,i, network i s  t i e  . c l t aqe  
ocross  the oscillator tank c l r c u ~ t ,  3 3 d  L2. ' h e  volues of 
C2 and R2 cre chosen so that the recctcnce of C2 i s  lorae 
in comparison to the reslstanceof 92. T?is h c t o r  p e r m ~ t s  
the copocitl,,e reactance to be the current controllirq COT- 

ponent, and couses  tt,e vo!toqe ocrcss  i t  to l ac  the current 
through i t  by cp?rox~mately 90deqrees .  D . i s  same current 
f lows throuqh R2 3nd unoti.er voitcqt. drop is produced wiicb; 
leads the opp l~ed  voltcqe by 9C deqrees. Actually, the cur- 
rent and v o l t a ~ e  ot the r s l s t c r  are in pb,cje, but s lnce tit 
current thiougn the resistor leads ::ie ~ p p l i e d  ,roltoqe (Lr- 
cause  of the cc?acitive reactznct. of Ci), the voltaqe deve lop  
ed by this current olso I..::; :ti cppl!ei ic l toqeby the some 
amount. Thereactcnce ~ J I ' P  1s e f f e ~ t i ~ i l y  :r sk,urt -?iit'n tt,e 
oscillator tonk (C3 and 1.2; a:.: t i e  phase sh l f t  network (C2 
and R2). Copaclt3r Cj cl!:::~ t t =  3-c campcrcnt sf :m~irent 
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to pass  tilrzu1n !:, 2x2  7 :  !!c- ;a: e t ~ z e ,  i l , :~ki  tne d-c 
plate  v c l t q e  f r r  ~ P P  :n>:=-st.~f: CITCII!  02.: tne snk .  

F . e  rel~!:or:-~.r '3f t?c ,c.l:ren:: :;: :ne \rcl:z7es in t't,e 
c l r c u t  c c c  s: br:: exr17:7~; tqi3~;h tne c z e  c! c :.ectc: 
diagram, 2s !!listr;ted cclr, . .  

Relationrhipr of Currents and Voltage with no 
Modulation Inputs 

Voltorre ep I S  the altemztinq cazpcnent  of thc plate to 
ground voltage ;;hi=$ appe3rs s l ru l t i r eous ly  across t i e  
reoctarce tube, t i e  phase-shift net.acrk, and the oscill3tor 
tank clrcuit. Ple reactance t ~ b c  re::;,ies i t s  a-c 2113- 
input voltaoe, e4, ocross  FQ. Ths voltcoe is the voltaoe . .. 
drop across  R, and i s  in phase :with the plate current ip  cnd 
the qrid current, 14. Tqis  relmions'nlp i s  characteristic o f  
amplifier tubes. 

Since both i p  md la a r e  ~n phase w i h  ea, and s ince tq 
l eads  e p  by approxim3telv 90 deqrees, lp  and 19 also leod 
ep by 90 deqrees. Both oi t i e s ?  currents a:= supplied by 
the oscillator tank circult, on i  s l c c e  they l e d  the tank 
voltage, they a c t  like :t,e c.trre:,t in a capoator .  Thus t i e  
injection of these currents in:: the tcnk circult o c c m p l i r h e s  
the some effect as p l a ~ i n , ~  o ccpacitor ccross the oscll!3tar 
tcnk c~rcu i t .  Thefrequency oi  the tank in this c s c  i s ,  
therefore, decreased. ::'it+ no o u d ~ o  modulation inwt ,  this 
frequency i s  the opeiotlng, or center frequency a i  !t:e 
modulotor. 

Consider now tl.e opplicatlon of audlo mad~lct ion to 
the 3 r d  of the tube. It  is irrportcnt to nee? in mini that 
we are not speoklng of actual  c a p c i t i u e  rezctonce or ccpcc- 
i tance chcnges. Our concern here i s  on effective capacl- 
tance praduct.6 by the 1eac:nq curren t j~n  the PZ, C2, com- 
bination. If the siqnol opplied on tt.e qnd of V1 increzses  
in a positive dlrectlor, :t,e plate  current of V1 3150 increases, 
ond since this current 1s an effective capacitance shunt 
across  the oscillator tank circuit,  !he frequency of the 
oscillotor i s  decreased. Conversely, when the qrid siqncl 
sh i i t s  in a negative directlo" under audio nodulotlcn, V i  
plate current decreoses, and s lnce t h s  current i s  3; ef- 
fective reduction in caFi;cltorce across  (shuntin=) tne os,cil- 
lator tonk circuit, the frequency of *,e oscillator islncreased. 
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T:,e ireqilerq oi  ti; C~;IS ~:X~.!G:ICII lees r a t  ~ c t ~ ~ l l y  . , 
affect the frequency GI t ~ e  cutput. I ts  only eiiect is tP,-,at i t  
determines h e  n,::zer c i  !I-rs per st-co.3 tnc: the oscll- 
lotor changes i t s  i r e q u ~ n r y .  Trc a 7 r : n t  F? ! lyict io~ i f  
the f r e ~ e n c y  chonze 12 detprrnlne:! solely iy !?e ornp!it>~le 
and tb,c w]arl:y . L - -  ,,;. .uLu.d,rdn -- . I  irtput. Thct IS, a posltive 

slqnoi c-usez i n  ir,cit;si oi  ircouencv, uhl l2  a rrc~at ive 
nlnnni cn8lsec c 2ecri?rc !?, irr:lelc;.. I:k:!.:::st., 2 !::;c: 
amplitude slqnal colses o ,greater irequ-rry C ~ S I P P  t l . ~ ~  c 
smaller amplltucie sl2:ral. 

Circuit Variations. Tnew ire several SITCL~!  ',3r13:10ns 
ol the  bas^ reoctnnce tube maduiotar, but most of thcs- 
vorin!?ons art only ?~i!c:e:?ces i r  thc a r r a n ~ o c r , :  o i  t i ?  
phose st,~!tin; c l i c i i t  (thy 92, C;. ' ~ O ~ h i l a t l O ~  12 d.e ;re- 
, , T , ,  . . -  ! .L- - L -  ., . .  . .  ...-... <" .il.. -.. ..... ".. ~,"'..l , Y l l  Y , V  

circuit varlatlonscouse the phos? s h i t  to be either i rd ic -  
tie or ~ a ~ i i c i t l v e .  -,,err i s  r o  so r t i s l i i~ r  udvortal- to crly 
one a i  them over cny of the otners. 

lNJECTS INJECTS 

INDUCThNCE CaPaCtTANCE 

Circuit Variations 

,:, ,>! *:+ 1 l ! < T =  :!=?, >e*7 ey:!  5 !;; .>;- ??'....... . 
,T i  ... < .... L,,  .. ,,,r! ? ...I... .,- ,!?-, - ,... . - v v r .  

~~~~~~~ 

in the  0CW.F::" 72:- .-r1 l?i t;C r2nCt:nCC .;sliei --c . -'--=a- -. . -. ... 
, , , .  ... , , , r  R . .. . . . . . . . . . . . . . . .  -:. 

. ,. - ......... . . . . . . .  ...... -. . . . .  , ............................... jr. 
. . .  . . i .... , , . I ? . . ,  . .  .., - . ,  . . ~, . ~ 

, 0 , ,  - ..... I . .  . ! t l  I"<. ..' .,.11.. 

-, , . .... . . . .  
"I.-. .,.c .".,L,., L,.b"u,.:,. -, L * , ~ , ,  ,C",.> L o =  dpk'L,eu 

, , ^ ! I " ^  ~-.," ,e * 9.: ;;;:_i.s. ;":,? .:;:;c.:E 2::::; 2, : 2s:e fare, 
, . , .  . iugs cL:i, .: . .-. . . . . . .  ,., , , L  b.,,, L,,. "pp2.-, %,s.ts~;< L 7  '% :e:rce;. 

n i s  ,;2itz7c ,.. ,. , -,.? .-le.;, tc .L- , ,  , ,  . ,.. -: .'., r,-:,::c-.ce t.h,c, 
. . . . . . . . . . . . . .  , , . . . - . -  :. .... . . . . . . . . . . . . .  .. .- ... 
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phose wiIk th.e ;rid vclt-qt. T x s r - i  current i s  couplei  tc 
theosciiiator tonk ond slnce i t  :s in phase w!tt. tne 7r1d 
voltoqe, i t  must lag the currcn: ln  t+.e t a n i  r; 30 ?qrees.  
This  produces the snm- ~PF'.!! 3 s  IC;D:~:~; ~:~;C:C:CC i::~ 
the tank circuit. 

. - By s o b s t i t ~ ~ t l n q  a snlull in jcCto: in l i e  piace c. I?, 

pa: t C of the i ~ a u r e ,  ~t is also possli-IP to in!-ct nn niiartiiie 

cn?ccitr(ncn ??:c the !olY c?Tc.:!. Rc. o;ci!!3t~; .vo!taje 
applied across the plate loin oi the reoctcnc- ?,be c n s e c  
o cllrrent to ilou: i k o s e  F x s e  :s cont:olie:: by the 1n;e 
res is tance of R. This  curren: 1s ic ptcze :..I? tke cp.112.l 

voltoqe, since P i s  lor:? ... :,In :espe;: :3 L. S l n ~ e  the ,011- . . ocra5r ; Ic-:- ." .se iurient :hro,~,;'- :t l y  3 lJrlr~-r, 
&is .,o:!::- .!s. led,: i:: 3cc[:,.l.:^l!-ile Ci 5: ,;$: $is, 

. . . .  T... ..,.~ ~. 
L 1 LL..~+I-:. ?il ::i .:!?_. J L  :::i :PUCIJ?C,' .. , , 
and r-f pic:? e : ren t  i:;::s .X:~IC"S I C  p h e  ;;it?) t i e  qri3 
V G ~ ~ > ? F  0°C 413 1 0 i : W S  L Z C C I P ~  IF. :1IF:! tC. tb" 7;~:!!3t~i  
!ork ,voita?e. Tq- nit??! IS, t i ~ ~ ~ i - r a ,  !-F szri :s i:.;i:::~; 
,c2pL.~td,~'.A .,.LO ~ i , k  t.:..?. :1::.,1:, 2r.z :?c%e;x2:,:, 1: ::c- 
crease!. 

By the sane token, ti:e revcrslnl of R 3n5 i :;reduces 
the same r e sd !  ,:E ?n)ec!lr; :?.:~ctor.ce k t :  :k,c tcnk ci;- 
cuit a s  shairn :c part 3 of t+e fiqure. T7eir , i l i i t i .~e re- 
octar.ce of L, of course, n d s t  a e  larqe in  canlprlson to tne 
resismnce oi H. 71. r-f valtnlr iro-r the rzcili?tc: tszk 
clrcult c o x e s  2 cc:rcn! :a !I:;: :!,,;:;jh :t.e $zte la3d hhici. 
l ags the  applied voltoqt t.1 96 dt l r ees .  T-.:s ,vol tqe tb,en 
i s  applied to the q r i i  3i the reactance tube, croducinq un 
r-f plate curre . t  ,which. i s  lal;in7 tlle c-:re?: In tt,e : a h  c:r- 
cuit by 90 deqreps: pro?,:-in- tb-  -f!.:! nf i?:ncti~: izJcc:- 
;;:s i.t; t::c t::.. .-;:;;;:. 

FAILURE ANALYSIS. 
No 0 ~ 1 ~ ~ 1 .  .An oper  cr snorted L2, ar  ocen or s i a r t r i  

C3, or n own C4 .re !LC cnl; c3::poier.t~ t c t  cw cmsi 
3 no cutput con?ltlcr t? exis t ,  Check L2 !or co:::l;i:i and 
c3 ,znd L4 for ' V J ~ L ~  ::it! an ,:>-c1:z,,t c,G~~c~!,cr ,--#eci?! 

Unrnodulated Output. T3e ,cbsence of plot? vcitaoe, cr 
oper L1, an6 open S5, a" open Dl,  2- cpcc C2 a i  R2, I r  
defective '41, can cuuie an unmodulated output condition 
t o  exist. Check ior the presence oi plate  valtaqe with o 
voitmerei. Cneck ii for continuity and C5 for on open 
or she:: wit:. ar, ~hn i i , e t t ; .  A:so check R i  onli RZ ior 
proper value, and C2 for on open or short with on ohmmeter. 
If a moauiated output i s  not restored, check all cowcl to r s  

^- .- :̂ :. .-. ..... ",, .,,-,~ .x ,u l L  ,.,,;,acltor ch.e,:irr. 

BALANCEOREACTANCE-TUBEMODULATOR 

APPLICATION. - . .  
.:,K L ~ ~ G ~ . L L , ;  r c  ..>..'Id p.8:~ 1-Ce ?..U:G12:3~ :S US&% 17 

- .. . . . . . . . . . . . . . . .  ........ . f'" ---. *, -,.. .: - - - -  - -  .............. ... . . .  i ;I:. . i. r.. "l .,,l.. , , - 
once ?>i!, ,LO : - * 0 1 )  ,... ,- L,.. **-2 ........... 

CHARACTERISTICS. 
iiils. ' - t ~ l u t ~ v e l y  : I  I,. ;W:CC I: :1e3;enc: nriit .  
Has !o:; Int-rert .!l,toi!lor. 
. . .  , , ,  .. - , . ,- -... - ,..". ,- .......... , . 
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CIRCUIT ANALYSIS. 
ten...,l. T?.e w r p s  3 i  tne -a?.ul~ztor s to le  15 !o con- 

vert on o ~ i i o  i ~ ~ m !  :ntc 3 r3110 f r e c ~ e n c y  cantolnlrr; tie 
audio intel11;e~ci. I; :ke Sdacce? re;c:once t ~ L e  ~ o c ' ~ ~ ~ : c I ,  
two wbes cre xse? tc cccn;? t r .  r e s c c n t  i;c;leno, 0: an 
oscillator by on amount propcrtlor,.al 13 the :rnplitsde of t i c  
modulotlns ;17rzl. T P . ~  palarity c f  t r e  r.c4ulltion deter- 
mines the directlac sf th: f requerzj  s-lft, !or ex izp le ,  3n 
increose in oscillotcr frequency icr a poslt!ve palority, a n d  
o decreose in frequent.; !or 3 n e x t i v e  ?clarity. ail? :ate 

a t  whlch this fieqllency devistlor. o c x r s  1s deterrn~rel  by 
the frequency of t:e oudlo rnod~l;!.e?. 

circuit opration. A sek,er.3t.c 5i3imrl  of o cnlcnced 
reactance t i r e  x o d l a t 3 r  is sna::n in  tk.c 5ccaxpony:nq 
illustrot~or.. 

TO 
OSCIL 
GRID 

-2 

Balanced Reactonce Tube Modulator. 

V1 perfor:.ls tbc f u n i a a r  oi ,one cf the P:03!31.-'. ~ECE.S ,  
ond operutes ir c3nlustlar. ::!- '.':, I n  c c ~ s k - c ~ . ~ l  z13r::e:. 
C1 ond R l  forrc o cotr .3 '~ h 1s - r c  n:, v ,..i;h IS ccn!r.on 13 

, , 
both of tne t~bc:. Li a n :  l j  :rr :-: -r z ip . -  .~:!:k. :ct 3: 

plate loads for the tubes, m! kei;:; ! - ?  3-c C S ~ C C : I P ~ ~  c f  
plate current c ~ l  oi t r p  p;.;r :#.;;I;. ?:,c C1-bI csrh-tc- 
tion, toqeti,er ..,tit.! t?-i, CFP? :c:11~:2at1~:5, 'kc:- !c porcilel 
with the osc:llct:r tar,\ , C I I C ~ ~ L ! ,  T ; :  ,: ,:: L? 31 i C?, per- .. . - 
form the func!~on 'rf .: , ; irlmlc :ec:ton:'i_ ..,, -6, cn i  Z7. 
ore an,! g!ate ;TJ~II:. : :cc;;!:o:., :.;; ,-;t.?,?i:,. 

Circult operot!or, e?5 5i. ,23cle::: dnder~:zo?. :f 3n~:s?.?6 
and discusse.' 5 3  :;:o s?;~rl : i  :!r:..~t:. 3 7 5  c!rc:~it, con- 
s i s t s  of V1, L1, 27, ':;, cr,i ??, ,:::'.!IF 1k.p o:k.e! c~:c~, i t  
cansls ts  o f  Vi, i3, i'?., Ri, cr? l5. 7 7 , .  i r . z ; n m a  c3:n- 
pcnerts ire c0:ror to 53th n i  !he c!rcclts. 
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,,. vre s r a l l  !:rs! c-.::l :-r t r i  :I .i-ltlzr 0 :  t P c!I-:I 3 7 -  

sljun; c f  V1 27: ::s ;s:c:.ltcl ::c.pcnm:s. ,';lt:.. -.; 
~ " d i 0  s ,  ;r,31 ???!e! tc t:: ~::: : L: '3, t7.e a?.!., ~ ~ ~ 1 : 3 ~ ~  

present ocras: the Ci-'-2 cet.:.ork 1;- tne volt31e 3crzs3 tr,e 
osclilcto: tcrk clrcJl:. T>e ,,riei -! :2 x i  3 Ir c k s ~  
so thct the regctnrce c i  22 12 lor;? i n  m:?:rl;cn tc tk; 
resistant. of 82. Tn:s fit:": cerrnlt; t i e  czsoclt:,~- r0- 
actancc :c be the current ccntroll,r,l c a r j c n m t ,  and c c x e s  
the v o l t a ~ c  3:::: 11 13 !:? !kc ~.:rrr.r! !:,.ro~lr ~t h app~oxi-  
mately 90 ,ie.r::. 7.;:- :::lr c d r e n t  !lo;<s thro~:' l?Z 
and onotner vol:cl+ >r;p i s  c r c d ~ c e ?  ::?lcr !ccds l i e  zppllf3 
voltage by 30 5ec:eei. .Act:!;:i;., 1::. mrr;.nt 37: :o l tne  
ot the resistor or- ir p r l - e ,  5,: :LC,:F t ! ~  current tnrou;;. 
the resistor leads :ne cpy!~?! :cI:~e (hecause O: the 
copacitlve reactance cf C?), :':i 'v2!to7i >?:elope: ny l t l s  
current a l so  i?c?s 1i.e i r ~ l ! ? ;  ,;olt, :P by ~ P P  some ,GnOUnt. 
liie reoc!cn:s tu:,c, VI, .s e!iic!l.;clv I- s i i ~ n t  ;.l::-~ :he 
oscillator tank an: t n i  ;:1~2- :-..!~t nrt.:ork. Zapaa t s r  C7 
allo~vs tne 3-c csr;cn~:,.t  01 :,.:ren: to POST th:c'j+ 11, 071 
a t  the saroc tlrne, olnrks tk,e n-e r l ~ t e  vait33e from the 
phase-s'l~ft c:r:.l! on: i;? :;nu. 

R e  re!o:~cnsi:r ai t ic  : .:IcT~; cn?. t i e  vc:t3:- In !kt. 
clrcuitcon b0 res t  i , ia i0 l l?2  !!IEu;~, the 1se 3: 1 ,vector 
dlagram, as i i lustrxe? i~p~c; : .  

Relationship ol Currents and voltogcr with no 
Modulation Input. 

. . 
,c!tojc ep L S  inc aitcrr.~!,~.: z 3 r p o n w t  3i !i?e piote to 

grouna \ IO;~CTP ..:11~k, a p p e i ~ s  ~ ~ - , l ; l t , ~ n i ~ ~ ~ ~ l ~  zcross the 
reo,ztcrce tlli.6, In? ~has~- : . : . f t  ?ef:;c:k, on6 !ne ascillntoi 
tank a rcu i t .  F 1 e  re;;!-nc? t 1 5 ~  recei,;es i!s a-c q:i+ - 
input . ~ o l : o ~ ~ ,  cq, ocr;is nu. T ~ l r  ..,zit;l? 1 7  the .;cltl"e 
drop across R7 :r: is ir ~ '2s r .  : :!: : ?e  p k t e  currert ~p 
and h e  2 n d  cur:;.r:r, I ~ .  P,ls ;ei3tims?!;, i s  ck,oroctr!stie 
o f  onpli!ier tuaes. 
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Since b t k  ip  3n: lq ore ~n phase wllb, eq,  and s ince 
eq leads ep by agpr~xl:::otely 90 le:r?es, Ip nns 19 clso 
lead ep by 90 ?elreis. ?at, cf these c:lr:en:s crc si;.plle: 
by the asc~l lc!cr  inr* ~ i r ~ l l t ,  ?r7 i!?~? !-FY !?a? !ke !c:k 
valtolp, !hpy ore 3ct17: :hke t h e  cllrren! in a copoc!tnr. 
Tnus the injection if :i,ase cdrrenti i n t ~  t5e tunk circult 
occarnp!lst,es the s z r e  e:;;it 0 s  aiaclno a capacltar across 
the osc?!ln!or tclk c!rcc?t. The !!re-en?; o! :ne tcnk in 
this case  is l 'n~refore  I-c!Pl;ed. ?,'itb no ourla r o l ~ : l o t ~ c n  
input, tnls ireql.rrcy 1s ! i r  c u r 3 l l n ? ,  or center iriquencu 
of the mocdoto:. 

Consider naw t r c  zp~i :a! :on sf a::i!o -oiuict:or to 1b.e 
fif the 12tr. It :s  :K~::JF.: :; L F C ~  ir m i n i  thct ;.e ." ". 

are not i p e l n i r ~  .ii lvt13: :7V1:!!:'!; 1 5 ~ c t m c c  01 CIFSC:- 
, "  " n. _ .._.__ L _ _ _  :- _ ,. 
,-,LL b,,-,y-d. "", L" ,,LL L C ,  ,,c,= .a \.,I L... e c i ; v e  CGWCL- 

tonce produces Ly t:l- I C I . ? ! ~ ~  7_11erts IT t5e 32-Ci ~ o m h n a -  
. . 

uon. i i  me s:,?nal c;lr.l-o mr :r;r ir! , :  r.1 'I! Irzrc.;;e- !r 
a posltlve ~ I T ~ C ~ I C ~ ,  1-e 3 l c l i  current ?i \I1 s i s o  i ~ ? ~ n s ~ i ,  
and sir.ce t;.,s cu1:er.i r : f % L . > L  . I &  ..!!J,.L.~ .::!At,: 

ocrass  the oec~l lotor  1114 ,-~rc~.l!, !IF <IF~.IFCC., n! 1b.e ?iei!- 
lotor i s  decreased. Conversely, wner tne crid s i m o l  s5 i f t s  . . 
in o neqative i l recnon n ~ i e r  audir ma?uia:.~an, v 1 ~ i a t r  
current decreases, 3r? s r c e  this cuuent  i s  or eifectlve 
copocitonce across ( ; ; . d n ~ i ; y j  ti.e a s i l l : ~ t o ~  tuck c l i ~ l t ,  
the frequenc? ci  the o s i ~ l l c t o ;  1; i i c rease i .  

Before c!tex:t?z; tc ex;!~:n the cp~:atis?. ;! :k,? c::cL:: 
made uo of V2.it should be oolnted out that there ore sever01 
minor circuit vorlatlons o f  the previously d i s c l s s e d  circult. 
Most of these variotlors cogcem dlf!erecces in the pk.ase 
shif t ingci icui t  ltheR2-C2 combination i ~ .  the previous 
-..---I.\ , , 
r ,<df i t#v>c>,  x-le ll!L>tr2ty:r. Le1c,,* sk<:,,s ;I.= JJrLd:.":,> ;,:,is, . . 
couse the pt.ase shift to be e ~ t h e r  mzuctr~te  or iopocitive. . . . . 
n ,e r t  !E no PC:~~CL..I: -2~sn13;e :C 3-j o r e  C: :LC CJC:  

any a i  ine others. 
Port P of the f i w r e h l s  bee? erp!3i~,e? ic :L.e pre,,i-.ls 

discussion. In port E sf the f i l ;ur~,  O nni  C ore ca,ne:te,i 
ifi :he GppCsite c2afirjer, 2r:d :t:e re,2cla:cC vdu=s ace ,:l:use~, 
so that the reslstonce of R is lorqe in comparison to the 
reactance of C. (This  i s  t i e  monner in i ;h~ch  opermon  of 
112 ye: 1: he expl;;ne? i s  ;;xe::s?.) Ciice i t i  res is t ive 
comwnent i s s o  much !3r1er, t:? :-i volt3i4 a p p i ~ k  tc 1k.e 
piate load by h e  rani  circuit ca'Jsii <P.F r8Jrre.t in b- ?r 
n ~ m r m  ... ;+i ,in ,.i ..-i .--; n- .L.- P t - . -  - -  . .  . . . . . . . L  _.., j-... .... - -, 
leads the cppliec v o l t q e  by 90 irqrccs. '!he . ~ c l t o j e  c::css 
c, tnerrfure, 13~s bci? the zbiierit an6 tie ippl le?  voitaqi - c,; 90 ,-Jzr ert. .ze!t::c ;s ::"p:2! +: :),; >:: ., :!,,. 

reoci ince t , ~ ! t ,  an0 ~ : ~ i ~ s  ac r-! i :!gt!~::  :R !rr ;:a!? ~~. , , . :: !, . l l  ,.,! 7 .  !,I .I!? ,,>;T.~^Y : n - F  I.: 

cwrer t  : s  c~.?p!e.: :C :LP CF~;!!.?:C: t11K ~ 1 1  51i17C :t is i r  
-L-.. " ,,,,>? . ,<i,,,  th,& , : : a  , , - , ; : ~ , A  , .  , , . , '  , ,  . , ~ ~ - , *  , , a : , ,  

- . , 
tar,% Ly 3G Jij:,;.,. . . .  ..-.: u-Ld ,; L -z..L ;r;.,:~ Y ,  

inlp~t!i.:  !n?~;Cf?:-i. :.-*r, ' I i  '1.. .. r . . . '  , .. 
By sLlhstlt.;ticl n smqli ~ n ? l ~ - * - r  .- *L, f l~c. -n  ̂ I! ~: ;~ci t ->r  

C I,, puii  C ul ille ,L,> 413" ~ A ~ L L ~ T  LU : r i j e !  un ei- 
iectlve c o p a a t i n c e  1i.10 the tor< iircxlt.  ' h e  o5si!lctar 
voliage appiie6 ocross t i e  ?:ole i o a j  oi be re i ic tmcr  tube 
couses a c::r:ert f!x  LOSF SF pk,cse 1: r ~ n t i o l l e d  Sy the  
lo r j e  :eslstun;i :! ?. Tzis i ~ r r ~ n t  i s  i5 j:jsi ::I*, t:e 
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Ld 
INJECTS 
INDUCTANCE 

IAh*J 
INJECTS 
CAPACITANCE 

INJECTS INJECTS 

INDUCTANCE CAPACITANCE 

Circuit Variations 

opplled voltage, smce P 1s lor le  w!? r rspect  to L.. J : sce  
me voltoge across  L le-3s tne ;crr?nt tL,rmjL ;t by 9 3  
deqree, this voltaqe aiso ieccs  h e  opp i i e j  voltc?e 3y 90 
deorees. ?his vollo3e i s  couaiez tu the or i i  of ihe reorr- 

>>,x, C?, l.i p!c+.e r;:rc:,: :!c;:~ .;!%c> i; *,Gss 
w ~ t h  the gnd voltoqe ond 9C ieqrees  Ieodlr2 in respect 
to the oscillator tank imltcqe. ;ije ef!ect ls, hereiore ,  h e  
same o s  injecllng capacitance Into the tonn circuit, and t n t  
ireqwncy is decreased. 

By tie sane taker., the r v P r s m c  of R on i  L pra6uces 
!ile some resuit a: u;ject:r.j inouituncc intc tne [ O ~ K  circbit,  
a s  shown i n  part 5 oi  the figure. Tne inductive reactance 
oi L, of ccorse, must DP IUICP i n  comparison to the resist- . -  - -"" -. - .~, . . ~  . .. ~~ . -. . .. . ~ ."~,-<L .,-,,, .,,L u--~A,".u, ,",.A :,LC",; 
^ ^ ,  _ . _ __._, * _  :I . . .  * L _ _  .. L '. 2 . : 

I ." ..,.,. j" ,.l.l i.,i., &..L /liili .>.id ll.il,_.. i;_.z . , ~ ~  .., , 7 .  *. T, 
".L _rr..-" ,-..-l' i. ..i; ...<. .,..< ,a , r r t ,  ":,- 
PI. " . .' - - 2  -: . . LO L ~ C  gl lu  UL L ~ , T  i e o c t c r c ~  tube, ~ILIJCITI an 1-1 p l r e  
. . . . ,  , , , .  
L "  ,.L,,, ...., ,, 2 -  1 b,,A..,  ;,2c ,-ur<cr,t .., L..L .a,,:. -.,-",. .J7 

YV a e q e e s ,  prcauclriq tne e f f e c t  c l  i r lect inn i r ,~c !a f i ce  l r to  
, ,  . 

rlrc~ll.  
T"? I,? -:.,. . A-.. ". . . .L ... 
,.,= ,-A,,- a,. ""CL,>LC> L.1 L,e  s.lr,e ;,2:1:.e1 :> t;,c .. , 

C I T C U I ~ ,  only lnstead oi  injectlno o capacitive reactance Into 
h e  osclilctoi tank, i t  ;-,]ects 3n inductive reoc twc t .  Spon 
close exornlnatior of the V? circult, i t  can b? s?en th.0t tho 
phose shift,r;  ;?r;-::, 'i? A::? CS. ;:c :3n:,e;:cd ;; (re 2;- 

ps:!e zcn7.e: to t.:i E2-C? c;r.-ir.c:;sc :r. lnz ::;;I ix;-;,sle. 
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By referrlns to tn- : I !  1.-:;ztlor 7: e!r;ut :3n,:tlo;s, i t  czn Sc 
see-  t3ct tl.15 t ~ p f  31 cmnre:11? (2::: E :f t!? f l y r e )  pro- 
d x e s  ti-e effect  ;< i n ; ~ c t 3 r s i  ir ;313l:c! :..:ti t l i  tank 
c l rml t .  It i i l o ~ l ?  Se ?r:ci :ere tr:t in i r z r e l s e  in p13te 
current in ine f::~: ,=XI-'I? c3u:e< 3ri ! rc : f~s f  :r. the x p 3 -  
citivc recctonce inlecte? !r:o ::: : ; p i ,  czz  henee tre zs;i!- 
lator frequency 5ecreosed. !: !::? "i2 clr::.:, tne ;r,?nztive 
reactnnie is ;ecr?c;e1 ;.I:~, ci ;n.~eas? !c ;!:te ZLIIBP:, 

and t n d s  prodlces an xsrec;? :r ti-i  o:cl!!.lt:r frcqucrcy. 
Now 1.: 8;s s e e  .>;'lot 3cz.1:~ :.?.cn no:? ;I:C-L:S 2:" ~ m c e c t e , ?  
o s  si.own, old 3n 3udlo s i ~ c :  15 n;;llti to :re ::ws~cI~.;.?I 

71.  
When tt,e i n p ~ :  sl,n:i is ss-ek tnat txc i r : e  oi ','I 1s 

positive, and tt.? ?rid of V2 1s ne,ctiv?, t i e  ;ollc:;?,: 
action results. The nejzt ive s~qria! 3r the ,qr17 ~i '12 ir:ves 
V2 lnto cut*ff, on3 o f ~ r b e r  nelctl,Je lncrecse ~r0:uct.s no  
further ct,anle. V l ,  ha.;.evs;, conducts i zrectrr cs t!c 
signal on the i r id  5ecc:n.s .. c:e p o s ~ t i , ~ e ,  331 thus 3i.!it10r,3! 
capacitive reactance i s  injected ~ n t c  tire oscillctor tmk 
clrcnit,  r e s ~ l l t l n ~  in a necre3slnl!req>?ncy. As ti-? s i c r c l  
on the grid ieachcs i t s  pos~ti,!e pcsk, be:lrs d e c r e a ~ l n c  
towards zero, the oscillator frecuency bejir.s in;rcosi1.1, 
and winen tne 3 r d  i s  ret.~rncd to zero, t!.e oscill~ztcr 1s 
q a i n  a t  the center f rea~en?; .  2 . e  sl 'ma: no-  c o n t i n ~ e s  in 
a neqativedlrectiun an; V1 is driven lnta c ~ t - ~ l f i .  TI.?, tke 
grid 01 ,wnich i s  conrected to :t.e o p p s ~ t c  end 31 7 1 ,  is no.,? 
biaugt,t lnto conductlor, and b q i n s  to inject on in?u;tlvp 
reactance lnto the  tan^ circuit, resulting in an increcsin? 
frequency. As the s lq ra l  on the ,,rid reacb,es its pos!tive 
peok, and oeglns decreasinl  to,v;;ris zero, tt.e oscillator 
freq8,ency Se]i~;de:rccs~r-; crd a s  the slqnal r a c i c s  rsrc 
the oscillctor 1s a lc in  a! th? re,ter Irrfquency. h e  o;rrall 
result of one C ~ C ! C  31 ZJ?LO :-.od~~!cticr is  i1 l~~s : rc t r i  a?!o.ii. 

T?us, ~t can be seen that ti,e frequency o f  tie die 
modulation does not oct:~cll; rmve m effect c- t i e i rea lency  
01 tne o l t p ~ t .  T:!e on!y eii ect  1s t in t  it ?eteir.ir:,: tt.e 
nun.ber of :,me:: ;,, r zei?n3 ir:: ti-e cssillotor et,:r:c; i t s  - 
frequency. , r e  ar:slnt cn? ~ r e c t l o n  oi ti.? fr?;ucncy c:,zrqe 
i s  determirl-2 1,) ti:e 0 r ~ l i t u : i e  3ri tlt x l e i i t y  c i  t-,e::na% 
ulation inFllt. 

FAILURE ANALYSIS. 
No Output. An oper or si-orted L2. 3n cpen cr st.c:te! 

C3, or m open C4 are the only  c3mpocert; tklt c c  cslse 
a noautput  condition :c exis!. ZL,eck L2 fcr c;.rtln:l!; an: 
C3 and C4 far value ;:ith an 1--c:reuit ccpazltcr eilecn-i. 

Distorted or Unrnodulated Output. defecti,:e ''/I or 
V2,o defective T1,an open or shorted L1 or L3, an open or 
shorted CZ or C5, or on open R2 or R3 can cause a distorted 
output condition to exist. With an ohmmeter, check the 
continuity of L1 or6 L3, ond chick Ri 3rd R3 for ~ 1 0 7 ~ 1  

value. Also cheek C2, C5. C5, on,? C7 far o w l s  or shorts 
with on ohrrreter. Check t r a n s f a r ~ e r  T I  for :crtlnnity, as 
one half of hi s tccn i s rv  xc.; be own.  If c 31ntarte: out;,: . . 
st i l l  exists, chick 311 ccpucltcrs .wti. on in-circuit c.0- 

citcr checker. 
An unmod~loted output car be zc l se3  by a :efec:~,;e T i ,  

on open or siicrted R1, or ar open or s b r t e d  C1. ';,'it5 zr. 
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PULSE MOOULATORS. 
Radio freql l~ncy rrvrqy in rg?ar i s  tronsmitte? :r. ;h3;t 

PU~SPL .whc:ic t i m ~  luratlon nay  vary fiom 1 to SO r i c ra -  
seconds or more. I f  i:le transmitter i s  t t ~ i n e l  o f f  beforr tile 
~ef lec ted  Fncrgy r r t l rns  from he  tniqet, the recei,,er con 
dls:!.-:l!ish k twcin  tirc transmlttpd pulse 3nd the r e I l ~ ~ t i 4  
pul::i. Aitcr 31: : r i l c c t ~ o r s  iz,:i- :ct~rrnei, t , c  t r m s x t t e r  
can nqclr !:,, tllr~er! an or..! :LC p;oce;i icpio:?~. T~.L 
receivir output i s  gy9l11.d to m indimti :  uih~ek, mensuies 
1°F tlvlc L.lt~wll betwoen thc t:cnsmls;icn of enerT mi: ;:; 
return 3s 0 reflection. Sinc? the rrli,r?y travels ot a zclnstant 
velocity, the :Imp intrrvnl b e c o r e s  a -.ecc;rc c i  ~ L c  i~. : : r i i i  
tr3veied (rar~~qe). Since thismethod doe:: ?o! .i-pcri cc tne 
r e l o t ~ v e  frequency o f  a:? rPtt>rncn s:.?nl nr  nn th r  -?!in? 
oi t:,c :,:r7i I, i i i i i lcul t~rs  ~x~>eri t .nci . r /  lr -$.I ,:r- (7 T=.-8n-- 

c 1 G u t .  Z ; S C  i , t~l. , i .  ::luiuihrion mitnco I; USP 

in prroctirolly ill1 m!!i!or,j "I,: z:l:n! ~~;!Ic .o:~z: ; .  
Smsc most rudor :::;clllu:cis o?erott a t  puise voi107~': 

between 5 Kv and 20 Kv, and rpooirp -.lrrwts n! snvem! 
omwrcs durl:r:z *,e pui:;r.. the requlrwnents ot hi. ~od~.!a:ar 
ore quite severe. 'The !unction o i  the hlqh-vacuum tube 
modulator 1s to oct os o swltcq t o  tL:n -. w l c e  an zn: ci: 
a t  the trou:;lnitte: in response tc o so--' ,,:ru: - '  -~qna i .  ;- %r best  
device lor this purpo:;,- i s  on- ziit;i ri.;uirii t;c I igs t  ;?q- 
pol p e r  for control cn? -:!;1;!; a!!~:; hi :rmi,ft-r ,:.i 1.a:ver 
fro!? !b.? !:?ESE:tl?r PC'?:?: :ZCrZ: tG tk8e C S C ~ ! ! L ~ G ~  ;.iGl <.c 
leost  loss. The ptilse niodulntor c:rcuits ? iscussed in this 
section are typical pulse modulators used in radar equipxerts .  

SPARK GAP MOWLATOR 

APPLICATION. 
The snarl. Tap mod~;!ntar ic  KP? ir. i:?3: iqxiz:;:.:,:: 

tc 2er.eratc 1t.e ? : l l . . ,  ;.;,.>.;, cantrol:; ti,< >pev>t1,2n of G,c 
tiansn8itter. 

CHARACTERISTICS. 
C"poi1r ui ilurliilrlq iuqn penk current onn val tz lc .  
Gcne:ctcd pulscs have l i l , r t a  puok power. 
Generoteci pulses law aveinoe power. 
Generated pulses hove o specif ic  ieprtition mte. 
Generated puises  huise controllr? durot;nn o r d  s h r r  
Output p l l se  IS  somewhat mrctic :n ti-in: 

CIRCUIT ANALYSIS. 
Generol. Diflerent t.qpr:; of p:l!sn -n!1~!,:!,3r; 2:. :c;e2 

t ~ r  i ~ ~ ~ ~ ~ e r ~ r ~ t ~ r u z l c ~ r  ! r z ~ v ~ m ~ r t ~ r s ,  r~-r>-~.,-~r!: c? !*- x:!!z;b:: . .  . 
;ii.,it:,;c,,t.; ul , : c .  .,'<:,,,.r:. i.cj:.i r y p i  r.qrcl.1: 1 ?.! :.:, 
ZGl > t \> r i ; #c j  , . : , , . r , y ,  ,> ,~'.rs'ml!t ,v>r r I?:!!'< ?,sc.':7r~:r. ; !'.< 

stomqc circuit, a pulse trmsicrrre;. ;n:: w 0.- oo-hpr sa1rr.U. - 
~ i : e - i i ? ~ i i  I C . ~  S I C U ~  cnr,rrv I S  t s s ~ n t ~ n l l y  n %In-: s*-ct~s-n 

01 artiticlal tians!::i:;;iu:r 11nc which i s  k n o w  as ti.. ;?!.;I .~ 
Lu<I,:lr:,; !>r,-. :? !?? :y:m ;2; =2?u!z:z;, :!.L>":<. : b , , , , A  :,, 

. , - I is : 7 , 1 3 ,  1" '  : u , r s  ,! :>,::< ??:Is 
are in us?: f lu~r i  70ps "ad rrotnry :a?s ?hr f 1 y - 1  -cc, 
discussed in this section, uses a trl::cer g l i s r  :o ton~m trip 

air betWepr hn i - r tact-  a! i!.? s p r k  1.:; 2::; i::::i;:i I- 
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dlschorqe of t h e p i l s e  forrninq line. The rotary qop is 
sixilur to a ntecl~onically driven switch. 

Circuit  O p r a t i m .  A typical fixed spork qap modulotor 
circult i s  show in the occompmyinq illustration. 

Fixed Sprk  Gop Medulater Circuit 

Between triqqer puises the spark qap is on open circuit,  
a-d cJr:a,t t lo#s  ttlrouqh tile pulse trmsformei T1, the 
pulse 1crrr:ir.q line ii, thc d i d e  V1, and inductor L.l to the 
?:ore sdppiy voitnqr chn. nest. cnmwnents  form the 
c h o r q n l  circuit for rhc pulse forminq line, md tile ent i re  
circuit may be reduced to o ser ies  resonant circuit as shown 
in  the occo-rponyinq illustrotion. 

DIYPEO WAVE 

- CHARGE - TIYE- 

Equivalent PulreModulatw Circuitr,  With Wovctonn~ 

- I-e i r p e l m c e o i  tile primary of TI i s  neqliaible os lor 
-. .L. .\~.. . 

,,c ... IUL.+LLJ _ i t ~ u i ~  is cuiccerned, iire m d u c t m c r  o t  Ule 
pulse toininq line moy be considwed to bc short circuited 
je;7:ic oi t:r slaw chcrqinr] rote, an3 h e  diodc, wller; 
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is used to prevent breakdown o! 1P.t thyrotion by reverse 
voltaqe transients. The thyrotran :cqllres, for c :?river 
pulse, a sharp lecdinq edqc cnc :.;ends 02 z sl.+den drop 
in a n n ? ~  volta.;c (con:ro!le? 5,; : b ,~  ;-;;i-fi.;:;~:,~ 1il;i:) to 
!eminate the p ~ l s e  and :-rr o!! :hi >be. 

Circwt Oparotion. schemat~;  'of 3 !:;.:ol kyrotran 
?as r t h p  mMlilrrtnr r!rcs!t 1s ;k?.:z :E :nc ;:zzz?zr,jini 
il!ustrctio,n. 

Typicd Thyrmron Cor Tube Modulator Circuit 

Li is r; c i i ~ : ~ i n ~ , n m > r t o . c i  lie :?mF:::: c:;;;;: ;zi.sists 
a! dampinq diode Vl ,  current llnitlnq r~sl;:nrs i i l  ocd 92, 
tnqrther with r-f i y p a s s  copaii:;r C!, *hi;!: i.c!d ir,e plate  -' 
I L Ui ~ L U U I I ~  ievei aurlnll roch neqor!ve ncii w c i c  of 3wi- 
otion, thus eilmmotinq the PCSS<~~! ! :~  ii c I:~,->u:~vP o v e ~ h m t  
and h e  product?on ot damped osc~ l l a t ions .  inciuctor L2 with 
copoci.-.- r- n ~. . . 

L-L-  -'. ,* .dr,.! Z LLL.. I..- PL~SP-:JT..LR~ 

which dcvflops and shapes tile output pulse. Tronsfarme: .,.. 
I cuupies the s n o p w  pulse uutpui of ine c~rr-ar t  induc t iv~ iv  

,n ,hc .,- .--,.-. .- ,,,& :,,, ,,,,,,. 
'Witil nu tri?li.i -;u!se np-l:?:, 2: :i ::T:~~.. i: 

r ,,!, *..,,,-. : , - -  .,--. ~. ~ .~ , . . . ? . ,  . , %  I 

T I ,  thp puls? farmin; !:ne, c!:u::;c.: in3,:zt;: ii, ion: t ~ e  
, ... , "  .,,(,,,! ,,.,, . ,.... * ,  ~ .~ , , . , ,  , :. . .. . "j - . 2  ....j..,,- 

~ C C C ~ , L L S  ~ ~ ~ ~ X ~ ~ ~ ~ u h ~  C<lUr,;C, U S'::!CCV2r.lZ?: I:!; ;SF pdl:X i: 
gpp!i,.? .^ .L; -. . . , , ,  .~ " . _ 7 , _ _ _ _  .,,I. _ ,.*, ._ ,  . l : !  - ' : ' I ,  '*.',.." 
a c t s  iikr c clzcc: :::!::.L) .::. : ;:.:.~~i; 2 J.;; .: ;;;:. i ~ , i  
i i c r  prwaury oi Ti ona trip pni;c-fsrn:~?,~ :.p~>;:::k ::. , i i s r l o n ~  

to ground, tiiruu7i VZ. As kc vai!l:lc C C ~ G Z S  :I: 

iormm" r!ctwurk <;:scl~ar:,e< m i  i d l s  bI,-.:: * )  .- !?--A!,-- 

level of th? t!~yr,itrnr !!:he, tl-. ::.?r ::::: :!: !..:.. -&-;i ; 
a switctb. H u ~ ~ ~ ~ ~ ~ ~ v r ~  r l : r v r ~  1.; 9 !c:..!ez:: ::: :: :, : i ~ ; ; ~ ~  
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dlschorqe v a l t o ~ e  to s,::in< nc-;ctlve 35 i t  1s abruptly stopped 
and muse neqotlve cvershoct becouse of the inductive pro- 
perties of the d i schor~ in?  c i r s ~ i t .  n.1~ neqotive overshoot 
1; prever,trd lrum o~ii.r:tln: t'ne output of the clrcuit by the 
lnsertlon ot donalr.,; dlo:ii '\'I o r ]  !be don : !nqc i r~ i l  cm- 
s\stinq ai PI, P2, arc  Cl. n.1: :,>rc;in7ciicuit provides 
o pain for t?.e oi.ersbmt t r a x l c n t  thiouah Vl l  und i t  i s  dis- 
sipated by HI, ard R2. 21 i: a iljt. frequency b y p l s s  to 
ground to presers/e the sh3:p le031ni i d  tr311inq eliqe ol the 
rectangularly shaped pulse. 

FAILURE ANALYSIS. 
No Output. Tne folln.rr1n,2 i?!ects ccn couse s no.aii!put 

cond~ilon.  ID* ulute :I.;L~.: ,-nl*~:-, nr rrnn c I ~ c T ~ ~ F :  
ih&c Li, "1 ydsu-iurr:.l:;$ i:ne cnone L L ,  thr  windinqs of 
T I  heinq ~ h n ~ t e ?  11 ?pr, 5 .!:i?:::.ie :Ce V2, i i  u t i i r l~e r  
pulse o f  issufilclcr,; volto:e :: iomze '42. 

Check the aicte  s1~9n lv  ir-,lt??o, :I i! :c x! ::c::x1, :b,:. 
trouble i s  probably in !he pcher supply ond the mdulo to r  
clrcuit i s  probably not ot !al;lt. I f  plate voltale is normal. 
check the voltnqr on iv-  carhod? of "1. !! no valtoqe i s  
p resmt ,  L 1  i s  open. 

!f no voltnje i s  piesent c:r :ie F : I - ~ N  oi T i .  pulse- 
forming line inductor L2 i s  ow. 

Make c pc:~! !o pcin: :k:zk ..:It, 2% i~ l t lue tc r  (make cpr- 
tam you observe oli t,l'jh-valtonc safpty requlatians) for the 
proper voltoges in thc charqlnj c1:cult. Should no voltaqe 
b e  present a t  any of the points, tii? component or c o m w  
nents  ossociotei! w i t h t h t  pcrtion oi tire clrcult 1s defecuve; 
check rhc ir.~i~;tmr, w~t . ,  n a i - -  : .ater i h ~  -~lmi.li !n use c 
shorting stick to r c k ,  .--rt,nr thc :in? 1s d~schortjpd) nnd the 
capaci tors  wi th  an in-circuit copx i to r  chccker. With on 
oscilloscope, check for the proper trljger pulse (hath om- 
plitude md repet i t lm rate). 

Low 0 ~ 1 ~ ~ 1 .  Insulficient plctc voltoqc, on Improper 
, c : . , , ..!n,~,i:., .>r ,: 

" r i t c i lve  mognolron rror:;t:,rrner, l I, can causc a low output. 
Use an ohml i t e r  lor cilrckir:,; :ic i r ~ ~ c t a i s a n n  transtormet 
T i  [make certain the oulse network I l i c c h o r y r !  firs!!. 
and an in-c~rcujt cnpnl tor  c5eck-r ! ~ r  chcckrnq thc copac- 
itors m the pulse-forming line. 

Distorted Output. \?,'!i;th t 5 i  iio3i.r l i l o  li'r sirlr~r:i rrnii 
plote supply v o i t a i ~ ,  o dlstarted output can br caused hy 
shorted turns on indlictnr- ! !, n r l  !.? cr o? tb,e .::in?:n::; of 
TI. ilse on rhmme?er 10 check fcr prcw: w!i;cs. The %Is- 
foriii~nq iine ? O T ~ ~ I * P ~ E ,  :! 6e !~~ : : . : " ,  -?? :!:? ,-i.i:i tilf 
uu~pui ,u ;,*l-.;-,; T::!ir,=;. ;',!*.v ??? >e -?,:"pl,>, , , :!o"Ld . - -. . - 
w~rr: 01, uc!:, ?-I?! ,:?c 3:: ! : . -zrc~~t  ;:>z:;t3r ~ l ! e c k ~ r .  

HARD-TUBE MODULATOR. 

APPLICATION. 
-", -" . , . , " I  u s e  0 .  ' 7  , ' " e l  i", yodm r-?ilp?nr!= 

to develop the p,llse *.hick :::::::-lr :kc z p ~ r 3 i i x  if 1t.e 
Uansmitter. 

CHANGE i 
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CHARACTERISTICS. 
Needs o shaped h~qh-voltaqe w l s c  for operatlor. 
Biased to cutoff. 
Has qain of about 10. 

CIRCUIT ANALYSIS. 
Gsneml. IIe hord-tube pulse modulotoi operates os ar 

amplifier tube with a gain oiobout 10. Tne modulator tube 
i s  normoily biased to cutoff. The application of a positive 
pulse of obwt  1300 volts to the mid i s  necessary to cvs-  
come the bias, causinq V l  to mnduct and dropplnq tne 
plote-tosathode potentiol from the plote supply value 
established by the cutoif condition. Becouse of the la17e 
resistance of the plate load resistor, the negc!ivevolt3je 
pulse developed by this oction i s  efiectively applied to tile 
output transformer and the modulotor tube in series. Since 
the impedance of the modulator tube i s  obout one-tentt, thct 
of the output uonsfomcr, about nine-tenths of the voltcqe 
pulse appears across the output transformer. Tne time 
between pulses i s  known as the chorqinq time. A h r . p i ? l  
diode i s  in the circuit to damp out the oscillations p r o d ~ c e l  
by a neqative overshoot when thc pasitive pulse applied 
to the grid of the modulator i s  terminated. Tne doxpino I S  

accomplished on the iirst o s c i l l o t o ~  swinq by shortim 1: 

to qound (the neqativc pulse an the cathode causes th? 
diode to conduct). 

Circuit Opmtion.  Tne schcmotic of o typical bar?-t~be 
modulator i s  shown in the occompy inq  illustrotlor.. 

FROM 
DRIVER 

SCREEN 
SUPPLY 

PLATE 
SUPPLY 

Typical Harddube Pulse Modulator 

V1 i s  the modulator tube, R1 i s  the screen voltooe drcp- 
pinq resistor, and R 2  i s  the plate laad resistor for V1. 
Capacitor C1 couples the output of the modulator to o ~ t p ~ ~ t  
transformer T1. Tube V2 i s  the dmpinq diode, w d  TI i s  tb.e 
s t epup  output (moqnetroo) transformer. 

With no wiqqer pulse applied iiom the driver, couplina 
capci tor  C1 charqes to the plote supply voltoqe hro.rii tt,e 
primary of TI, R2, the power supply and qiound. Tube Vi 
i s  biosed a t  cutoff and th? plate-t-rhode patentic! 1s 

0967-000-0120 MODULATION PULSE 

established by the cutoff condition. A synchronized trlmer 
pulse from the driver circuit i s  opplied to the qrid of V1 
tokinq the tube out 01 cutoff and cousin3 it to conduct. 
This i s  similar to closinq o switch, and prov~des n potn for 
C1 to lischar~e throuqt, both the prlrnory of T I  and V1 to 
ground. ' h i s  dischorqe occurs only for the duration of tt.e 
trlqqer pulse applied to the qrid of V1, YJhm the wiwer 
pulse terminates, the modulator i s  ogoin mto f i  and the 
mognetic field in the primary of TI collapses, cousinc o 
reverse flow of electrons in the circuit. Tni; reverse f!ov; 
of  electrons i s  prwcnted from causing neqatlve osc~llot lons 
by dlode V2, whlch canriucts a s  soon as theplote qoes in 
a positive direction (wt.m a neqative pulse appears or the 
cathode). Thus, diode V2 donpens any oscillafions which 
would efiect the output pulse of the modulator circsit. 

FAILURE ANALYSIS. 
No Output. Should plote load resistor R2 open, coupllnq 

capacitor C1 open, 5omping dmde V2 short, or tt,e windings 
of transformer TI be open or shorted, no output would appear 
on the secondary windinq of T1. First check for plote supply 
voltaqe at the solrce. If the supply voltage i s  present, o 
drop should oppear across R1. At the junction of R2, C1, 
if  no voltage i s  present, R 2  i s  open. Check the windings 
of T1 for cmtinuity or a short, with m ohmmeter. 

Low Output. An incorrect plate or screen supply volt- 
age, o weak V1, shorted turns on transformer T I ,  or any of 
the componentsin the circuit chonqinqvolue couldcause a 
low output. Check al l  supply voltages m d  the trigger 
voltoge from the driver. If any of these voltages are in- 
correct, the wouble i s  in thot stoqe and the modulator cir- 
cuit is probably not at fault. Check screen and plote lmd 
resistors R 1  and R2, respectively, with on ohmmeter. Check 
coupling capacitor C1 with on i n sucu i t  capacitor checker, 
and tmnsformer T1 with an ohmmeter. 

Distorted Output. Distcrtion can occur frcx any ci [he 
following: a? lmpraper trigqer pulse, o ctlanqe in screen 
or plote supply wltorje, o defective V1 or TI,  a leoky 
coupling capacitor C i ,  or load resistors R1 or R2 ckonqinq 
value. If the driver autout pulse opplied to the arid of the . . . . 
modulator i s  not the proper pulse repetit~on rate or arplitude, 
the trouble i s  in the oreceedins stnoes ond the modulator i s  . . 
probably not a t  fault. If he screen ond plote voltoqes are 
correct, and the output i s  s t i l l  distorted, determine that C1 
i s  not leaky by using an incircuit capocitor checker. De- 
termine thot lmd resistors R1 and R2 are the correct value 
and that output transformer T1 hos no shorted windings. 

CHANGE 2 



ELECTRONIC CIRCUITS WVSHIPS 

PART 0. SEMICONDUCTOR CIRCUITS 

AMPLITUDE MODULATION (AM). 

Modulation, in generol, i s  the process by which the 
omplitude, phase, or frequency of a carrier i s  modified in 
accordance with the characteristics of another signal. Only 
amplitude-moduiotiar. circuits will be discussed here. Fre- 
quency-modulotion and phasemodulation circuits will be 
discussed later in this section. Amplitude modulation i s  
defined os the process whereby the o n ~ l l t u d .  of the c.nl.r 
is modified in accordance with the characteristics of another 
signol. It is essentially a hsterodplng process, wlth the 
resultant modulated waveshape containing both the ongin01 
carrier frequencv. the modulotion freauencies, and their sum 
urli difference frequencies (the sidebondsj. Since h e  cor- 
:ier component undergoes no change, the modulste2 wave 
ccntains more power than before and the inteliigence i s  
contained in the sidebonds. Since thp cmrier contains no  
intelligence, suppressed-crnrier modulotion is possible. 
This i s  the form of modulotion used for sinsle-sideband 
operation, which will d s a  je d i sc~ssed  separately later in  
this section. 

The discussion of amplitude modulation under Part A, 
Electror. Tubes, in this section i s  senerally applicable to 

tude modulation, the semiconductor operates at a much lower 
power level than the electron tube; also since it is o low- 
impedance device, it operotes on the principle of current 
qoin or vorimion. Thus, insteod oi speaklnq oi vrnying 
the voltoze fro- zero to twlce normal to ochieve 100-percent 
-a?u!gtion, t i e  :ene:-! prxtice is to s w k  o! vxying the 
transistor gain tc ,achieve zo?illi:ior;. (-,is is similcr to 
control grld modulotion.) 

Since the gain of 3 transistor i s  dependent upon the 
. i,..~ges -(... cpplie.' tr; its electrodes, i: i s  cv~?cn: tLs: chani- 
ing rhe d c  bias or r!ne a c  slgnai ro ony cne of its inree 
terminals will produce o corresponding change in gain. 
Therefore, it is possibie to produce AM modulotion of a 
transistor by any of three b s i c  methods, namely, hose in- 
lection, emitter injection, or collector injection. Eoch of 
these bosic circuits ore discussed sepaiotely later ir, this 
section. 

At present, seniconductor -dulntors opemte over 0 

relstii.ely low po+ier rc~;e as compared ,v!!!h that of elec- 
!:a?-  be nl".2!3tors. in the2alcr:ty n! opplicst1sns :bey 
I :P operate3 over 3 range 3! mitilwotts, wlth !he ra-2e o! 
from I to IirU watts representing specio: and hlgh-power 
applications. As hicjh-powered r-f and audio tronslstors ore 
developed, t i i s  power ronqe wlil be extended so thot it 
will be more co.xparoble to that of the electron tube. 

AI.L-, , , , ~ ~ j : i  i: uperzles ;:!on ~.aihr; kvi:;, ;he ~ i : d r i r -  

once ot tne transistor mululator is o~prox~moteiy ?quai to 
that a! the vacuum-?;be ndulctor 3s i~ 35 fidelity cnd 
eificienq nre ronrerned. T h m r  srnnll sne; i l ~ q q ~ i i n ~ s s ,  

and economy sf power comsumption moke them porticulorly 
useful os  low-power modulators far small portoble and 
mobile ~quipmerts. 

BASE-INJECTION MODULATOR. 

APPLICATION. 
The base-injection modulatar is used to produce low- 

level modulation in equipment operating at very low power 
levels. It is prnticuiarly well suited for small portable 
transmitters, such os wolkie-talkies, and for test equipment. 

CHARACTERISTICS. 
Ooerates bv vorvina the base bias at the modulotlna . ' <  

frequency. 
Is restricted to low-level, smoll-siqnal operation. . ~ 

Uses common emitter configuration. 
Modulating signol amplitude i s  llmited to less than that 

of the base bias voltage. 

CIRCUIT ANALYSIS. 
Cenerol. The bose-injection semiconductor modulctor 

1s onalwous to the control-"rid modulator in electron-tube 
circuits. The operating conditions, however, ore entirely 
different. For exompie, since the semiconductor operates 
os a true low-level device under ~ r n a l l - s l ~ n a l  conditions, 
the voltnge required to produce L5e modulatio~ is olso very 
smoll. This means thot very little modulator power i s  re- 
quired, much less than for camporable vacuum-tube opera- 
tion. Likewise, since the tionsisto~ is operating under 
smoll-signal conditions, the r-f input (drive) i s  also small. 
Under these conditions, operation i s  usually class A or 
closs AB. If operation is extended into the class B or C 
regions, it becomes lorge-signal operation. When operated 
1" .--?:"""I '""L<"- .L" .-,.*<,:.& ..' A.<.," ?<"..c\ A".".. ."iYL "iyll"I ,,,- I L I  ...I -Y 1 . "l..L ".yII"I YLLCI 

mmes the opeiatlng bias and cons~derobie distortion is 
produced by tbe non-linear transistor response charactu- 
istlc for lorge s~gnols. Because of these conditions sucn 
aperotion i s  seldom used, except for special applications: 
therefore, it will not be further discussed in this technical 
monucl. - 

M s e  injection con be accomplished by o num'wr of 
different methods. For example, it may be acmmplished by 
feeding the signal either in series with the baseemitter 
circuit or in paroilel with it, and can be accomplished by 
capacitive coupling or through means of transformers. Eoch 
of these nethods wl11 be considered In the foiiowinq discus- 
s!oE. 

Circuit Operation. Amplitude modulation by base in- 
jectlon (or emitter injection) depends upon a w~dely s e p -  
r,"ted r.j eq;len,7 -2 - - A , . , " . :  ,-..A:,.> <. o,~.,   or. :.,,..,,: ,,equezey. -,ere 
?:r two basic circ::its invo!ved, nornrly, the r-! omplili~r 
rirc.it gc* :+ :.in c"ntrli !bias,' circtlt. 4 simp!ifid 
schematic of the b s i c  r-f amplifier is shown in the accompa- 
nyin,;  fi ,prr.  For qi~r;p!icity, th* r-f o-plifirr ,-irrsit is 
>!.cn:. witho-1 bias supcl;es, andwlti, a rrs?stive l a d  I- 
placr of the tank r i r r : i i t .  !t is nssumed that normal forwnr? 
bias is applied to thehse-emitter junction, ond that a re 
~. L!-- :. ---!.., .. .L. .- .-. : ...-. :- 

vc.ac u.un la U p r . i ~  iY ,,,s - Y l l e i l ~ ~  ,YIIIIIY~. T:,e seioi,d- 
ory ot T l  is elfective!y connected across the base-emitter 
j unciiurl, uiiii iiie iwd is cuirirciei: k i w r r r l  e~nilirr und 
collector a s  shown. With norm01 closs A bias applied, the 
r-f signol will vary the base voltage equally above and 
>-!nu ,hr r,rrm,inn nm,"l !n-r,,.riin,. ,, cin.n:: ""2 ---.-....* r-.... -.-,, ".,, 
.1 cnrrt.smldi": ksr C,LT,Zl *:ll ~LC*. ; similar -st 
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Simplified R-F Amplifio Circuit 

larger (amplified) collector current wiil flow through the 
Imd resistor, developing an oppositely polarized output 
voltage. This i s  the action of o conventional r-f amplifier 
circuit. 

Consider now the method by which modulation i s  occom- 
plished in the bias circuit, using the occompnying simpii- 
fied schematic. For simplicity this circuit i s  also shown 

Simplified Modulator Circuit 

without bios supplies and with a load resistor in place of 
the tank circuit. It i s  assumed thot normal forward bias i s  
supplied to the base-emitter junction, and that a reverse 
bias i s  applied to the collector junction. The modulation 
i s  injected o n o s s  R1, which i s  also the bias resistor, 
having a fixed d-c forward bias placed o n o s s  it. Since the 
modulation signal i s  effectively connected in series with 
the baseemitter circuit, i t  adds to the bias when of the 
some polarity. When these voltages are of apposite polarity 
they cancel and reduce the total effective bios. Thus the 
bias on the tronsistor i s  mode to vmy instontaneously above 
and below the fixed d s  bias level in accordance with the 
modulation signal. 

Assuming c sinusoidol modulating signol, it i s  evident 
thot the instantaneous bias will also vary sinusoidally. 
Since a change in bios wiil produce a change in gain, the 
instantaneous gain wiil also vary similarly. Consequently, 
the instantaneous amplification of the r-1 carrier signal 
will vary m occordance with the modulation, but in an 
opposite directiun. (?he commonemitter output polarity i s  
opposite the input polaiity.) For maximum modulation the 
o-f signal must be slightly greater than the 1-1 carrier in- 
put signal. To  prevent distortion produced by driving the 
transistor to cutoff or into saturation, the modulation signol 
amplitude must never exceed the d-c bias value. 

A simplified schematic of the series-feed method of 
base injection i s  shown in theaccompanying f i q~ re .  For 
simplicity, the inputs ore shown a s  r-f and a-f generators, 
and biasing voltoges me  not shown. As con be seen, the 

Series Injection 

1-1 driver signal i s  connected in series with the a-f modulat- 
ing signal between base and ground. The d-c bias (not 
shown) i s  such a s  to bios the transistor for c!ass A opera- 
tion. The bias value i s  choser, s o  that the quiescent col- 
lector current i s  set  for half the maximum value. When the 
r-f inout i s  applied, it odds to the h s e  bios on the neqo- .. . 
tive excursions and reduces the base bios on the positive 
excursions. The collector current follows these sinusoidol 
voriotians of bios, producing a voltage drop across the 
tuned tonk (LC) in series with the collector. The tonk i s  
tuned to the driver hequency ond i s  inductively coupled to 
the next r-f amplifier (or output circuit). Because of the 
gain through the transistor, the r-f drive signal i s  amplified. 
When the o-f modulating signal i s  applied, it alternately 
adds to and subtracts from the r-f dnve signal applied to 
the base circuit (both r-f and a-f generators are series con- 
nected). The result of combinimq the r-f siqnal with the 
oudio modulation signol hos the iota1 effect of increasing 
and decreosinq the bias in accordonce with the modulation 
signal amplitude. The changing bios varies the translsror 

goin in occordance with the modulation signol, and an 
omplified and modulated r-f output signol i s  obtained. This 
signal appears in the output a s  on r-i carrier with an 
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envelo~e which i s  a reolico of the orioinal modulation 
signal. 

While either cawcitonce couplinq or transformer coupl- . . 
ing may be used to inject the modulation signal, there i s  
essentially no difference between them in the manner in 
which this base injection circuit operates. In the capacit- 
nnce-coupling method the modulator i s  isolated by the 
capacitor (C1) from the d-c biasing circuit ns shown in the 
following figure, and themodulation i s  applied across the 
bare bios resistor (R1) which also acts os themodulator 
load. Ri i s  bypassed for r-f by C2. With transformer coupl- 
ing either internal (contact) or emitter bias, or a combina- 
tion of bath are used. Whereas with capacitive cou~l ina  . . 
fixed (voltage divider) bias i s  usually used. In e~ther  case 
C2 bvposses the r-f around the audio, completinq the emit- 
ter-base circuit for r-f. Tne two methds of coupling art 
illustrated below. Although not very prevalent, the para]. 

TO 7 -  ," 
01 LOAD 

R - F  
INPUT 

R 2  

A - F  
MOD 

- - 
- 

CAPACITANCE TRANSFORMER 

Coupling Methods 

lei [shunt)-feed method oi base injection may also be used; 
it is shown below in simpliiied form. Blocking capacitor 

C i  i s  used to prevent r-f transformer T i  secondary from 
shorting the base bias and modulotion signal to ground, 
throuoh its very low secondary resistance. Likewise, the 
RFC is used to prevent the low-impedance secondary of 
modulation transformer T2 from shuntinq the r-f carrier 
signal to ground. Emitter bios and swamping ore employed, 
using RE and CE. Tne collector circuit is identical with 
the series iniection circuit: it contains the tank and ouput 
coupling circuit. 

In the poiallel-feed circuit, the bias is olso caused to 
vary ot the modulation rote. Tne difference is that since 
the two inputs ore in parallel with each other, more modu- 
lation signal is required lar full modulation. At low percent- 
ages of modulotion (very small moduiotor inputs), a lager 
signal i s  also required in the wraliel-feed circuit to pro- 
duce the some effect os in the series-ired circuit. Tnr 
addition of the r-f choke olso presents on additional problem, 
that is, cvoiding unwonted resonances in equipment oprot- 
ing over o large range of frequencies. Therefore, shunt 
iniection i s  not verv oooular with desioners. . .  . 

The circuit of a typicol capacitancecoupied series- 
feed base-injection modulator is shown in the followins 
illustration. Tne r-f input i s  opplied lo the base of Q i  

A-F INPUT 
I N W L A T I O N I  

Bore-lniection Modulator 

,L .a,,- !. ..6 ,,"" e,m.."e. '?I :q!.4cL :* c*,n. ,? ,n,,<-,e? <.-,r .... ""y,. . . "" ..u.v.... . , . ... -.."i).: i+....+.-- --. 
1.. _ > . . . _ _ _ _ I  i:_- ._A ^r^._.:^_ -- ^ ^^_- > ....r .-.., . . .--u.,,...3 .,:.A .= - 

ventionol class A amplifier, the r-f drive sign21 Is arnpii- 
, , .  2 , - 7  _ ^ 2  _ _.._.. .. _ :_,_=,___ , . . . _ p .  ~. ^ .. 

..Lr I, -.," ..lirl. t-." " " "  .".-J". " . . .r...---. . --.i" 
r-t trunstarmer Ti. Fransiorrner Ti bas a tuned ji~mary 
.,;," ' "-4 ,- -,-*i-- .. .LO -3n ,,e2 tar& :::;;it ;=-2ts ....., b ".." " b,...9 "" .,.b - 
.wsich. !be xtpdt  signn! ir  deve!o:eC. ???e sscondcy :.f 
-* 
i i  is connected io me next ompiiiier s ~ o g e  or ru u iuuu 
(an antenna in special cases). Conventional emitter swamp 
lng is employed, wlth reslstor Fi3 servlng as tne swamp- 
ing resistor, bypassed by capacitor C3. Copccitor C3 is 
lorge enough to offer o low reactance to the lowest 30dil- . . . .  . : L 7. .."-a ". -- h.. 
, , " " , I ,  "rri"c,,l..' ,,,,,-. .-~,. .. ".," ". -L  .,. ---- - 4  ?" .L". --An" .* ".m",."eA ""o*e" " ,uu," :,<, -" ,,,". ,," " .4L,.b.-..u., ." ?.""" -*... 
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Only very slowly varying temperature changes produce o 
voltaae chanae ocross R3. (See section 3, paragraph 3.4.2, 
BIAS-STABILIZATION, for a discussion of the funct~on of 
R3 and C3.1 

Consider now the base bias circuit consistina of Rl 
and R2. This i s  fixed bias with the resistors foLming a 
voltaqe divider across the supply. (Refer to section 3, 
paraGaph 3.4.1, BIAS C I R C U I ~ ,  for a discussion of this 
form of biasing.) The voltoge appearing across R1 is the 
effective bias applied to the base of 9 1  through the sec- 
ondary of 1-1 transformer TI. Thus, the I-f input is applied 
in series with the d-c bias provided by R1. However, 
capacitor C2 bypasses Rl to  ground for i f  and, together 
with C3, effectively connects the secondary of T I  from 
base to emitter. As the 1-1 signal varies between positive 
and negative alternations, the emitter current varies similor- 
ly but oppositely (decreases on positive part of cycle and 
increases on negative part of cycle). The pulses of emitter 
current applied ocross the tank load (LC) produce an 
amplified sine wove of rf at the same frequency a s  the input. 

Consider now the effect of the modulating signal. Since 
the modulating signal is coupled through capacitor C1, i t  
appears os o varying a-f voltage ocross R1. While C2 by- 
posses R1 for rf, it is not large enough to bypass the 0-1 
modulation. Therefore, since the a-f voltage is applied 
ocross R l ,  between the bottom of the T i  secondary and 
ground, it is also effeaively in series with thed< bios 
voltage, and the bias i s  caused to vary at the modulation 
rate. As the bias chonges under control of the modulating 
signal, the gain of the tronsistor i s  varied likewise. Since 
the transistor i s  not exactly l ine0 in its base-collector 
relationship, the corrier envelmp will not be a lineor 
replica of the modulation. It will be similar in shape, with 
the peaks and troughs occurring at the same time, but some 
what distorted. A tvpicol forward-transfer characteristic . . 
curve for the common-emitter circuit i s  shown in the follow. 
ing figure. Because of the rounding off at the higher cur- 

Typical Fwrard-Ttonrfer Characteristic 

rents, the effective limits of modulation are for values be- 
tween zero and about 92-percent modulation. h o v e  this 
range the distortion tends to become excessive. Therefore, 
opplications requiring full IOOpercent modulation generally 
employ the collector-injection circuit, which will be dis- 
cussed later in this section. 

While o resistive collector imd has teen assumed for 
ease of explanation in thesimplified circuit discussions, 
in proctice a tuned (LC)  tank circuit i s  necessary to 
select the proper output frequency. In every modulator 
there me sum and difference frequencies, and spurious fre- 
quencies are generated by the nonlinearity of the modulator 
(even in socolled linear mcdulatorsl. Therefore. it i s  
necessary to select the desired output frequency: In this 
case it i s  the frequency of the r-f canier plus the side- ~. 
bands generated in themodulotion process. 

FAILURE ANALYSIS. 
N- output. A defective transistor or open base circuit 

caused by a defective transformer or on open bias resistor, 
will prevent operation. Also, on open bios capacitor can 
produce cutoff bias through degeneration if the 1-1 drive and 
the resistonce in the circuit are sufficient to block opera- 
tion. Either of these conditions con be detected by meons 
of o resistance or continuity check with an ohmmeter. An 
open-circuited emitter, possibly caused by a defective 
swamping resistor, (RE) will stop operation. An open-cir- 
cuited collector will also stop operation; this condition can 
result from an open tank coil or o defective soldered joint, 
causing an extremely high resistance. Checking the collec- 
tor voltaoe to around will determine whether this circuit i s  . . 
open. Improper supply polarity will reverse the bias, stop 
operation, and most likely ruin the transistor. In most 
cases o simple resistance and continuity check combined 
with a voltage analysis, using a high-impedonce voltohm- 
meter, will locate any of the nwutput troubles. 

L O W  output. T w  low or t w  high o bias will cause 
cliaoina of the ou t~u t  signal, resultina in low output and .. > 

distortion. For mo'ximk modulation, ;he o-f sign& must be 
sliohtly meater than the r-f cnrrier input siqnal. Therefore, . . .  
lack of oudio gain, a defective coupling copacitor (Cl), or 
shorting of the a-f signal to ground through a shorted by- 
pass copacitor (C2) can cause loss of or low audio, and 
produce o low-output indication. The use of an oscillo- 
scoDe to check thewaveform will indicate the point in the 
circuit where the waveform amplitude changes or is lost. 
Lock of sufficient r-f drivp will olso produce a low-output 
condition since the a-f functions merely to modulate the I-f 
coirier. A defective or mistuned tonk circuit con causc a 
low-output condition since the maximum output is developed 
or the same frequency a s  that of the input (carrier). 

Where themodulotion is aresent but r-f drive is lackina. .. 
no output will appear with normal o-f drive, since the col- 
lector load impedance (tank circuit) i s  t w  low to develop 
any oudio voltage ocross it os it is tuned to the r-f signal. 

Di=tort.d or incorract Outout. Distortion will be caused 
by improper bias and collector voltage, or by excessive in- 
put siqnals. Collector voltage and bias can be checked 
kith ;high resistance voltmeter. The r-f signal must not 
exceed the d z  bias; otherwise, rectification of the rf 
will occur and chanae the bias, and, a s  o result. clippino . . .. * 

will occur on the p k k s  of modulation. If the 0-i modulation 
is not of sufficient amplitude, the peaks of modulation will 
olso be lost and distortion will occur. In a similar manner, 
too great an a-f drive will send the collector current into 
the saturation region, the troughs (negative peaks) will be 
cut off, and distortion will result. The use of an oscillo 
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scope w ~ l l  peimlt waveforx i ls tor t icr  t3 be O~ST.:C: and 
located. In the case oi ioilure oi t5e 2-i i:.~:cl;tlor, on 
unmodulated r-i o ~ t p u t  will be o h m r e ? .  h d c r  sspciol 
ciicunstonces ,\iti~t 'r,~:i, il-i ,h ive 01. j no i-i irii'e, it  15 
.."m-<L,e tL-. .L. -. >:. , . , , u d  f o r .  ~ : ; x j  be observed on or 

,',- en<--'  c:;scs tqe oscilloscope (because of sapcci!:.- ! ". -, 
,mnsiatn,,. h" ,..-., ̂ . * - i "  . -  ^ .^.L^. ....... - -  " ' .  ..-.... "., ....- .r u i u n . r r  ic . . .uir  ."ub>lLriiLy. 

in urly event, tite proper met?& oi deternimn,; :..tether 
distcrtl-n cxis ts  ;z: G! :;cotinq tr,e oiir;ll: 21 i i s t o r t ~ a r  are 
to use on oscllloacojc to observe tne waveiornl, to mcke a 
resistonce and vo l ta j t  onalysis to ci,eck t ie  components, 
a d  to determine thct he  .ioiues of tr.e - i ~ r . e n t  vo!!a:es 
ore correct fcr nor:ci CF'::::U:I. 

. . 
If tr,* tar.< circ~>lt  t .  !<:<I ::!?2::) :,.:I 15, 7.2: t,?Z !.!2:. c 

-, , , , s , n . r ' l : , - . : . .  , ,  , , . - . . . . .  7 . .  " .  . , . .n . - -  <.'.*.. .. 
frequencies will be lost. Hz,ziuer, this 1s onlv oi ocodemic 
inte:ent since ; U C ~  i z?!.~~itior CCI I J  :;;:I:: (I.,= :i 
,,--,,, kn.:",,,: .."A;,:-..:"- ..: ... 
u.."-..."..-"- .." .... A-",.",. r. . ~ u r r  Lqu;ii:.lcllt. 

EMITTER-INJECTION MODULATOR. 

APPLICATION. 
' h e  erittzr-!r)ecuor ~!~o?ulatar i s  ESP to IIU?UCC !OW 

level modulauor in  ecul?rr.ent opemtlrn ot verv low cower 
Ieve!~.  I! i s  ~s:kr;iz:l.{ ,,,;el! s i t e ?  s r . d I  goctahle 
l r o n ~ ~ ~ t t r : s ,  5.cii JS ;.alkle tillkizs, mi: ior test equip- 

ment. 

CHARACTERISTICS. 
n"-.".*? , , 
-,"L.",L., 

. , , , , . , , , . , . ...* " ~"..n: 
iiequerlcj. 

1s restrictel to lor?-!?.iel, snnl l  s i m d  ouir.l;ar. 
..... 
V>?> cO,"ic0r-eI-Llt.'I :or!! :'.KUCn. 

hlod~lounq s i z u l  cr-.l:tc?e :s l:z::c? !c l e s s  : k c  that 
of the erni:ter t l a s  viltdot. 

CIRCUIT ANALYSIS. 
General. h i t t e r  injection is very sipilor to b s e  in- 

jectior., s lnce bti i  nethods "cry t : r  cr.i!te;-Suse h a s .  

the emitter -" - 
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the bsl: r-! il-i!i!i~r is s!rcc#n ic  tile occompanylnq 
figure. For s lmplic~ty,  t?,e r-i ClrcLlt 1s shown w ~ t h o ~ t ,  
bias supplies ar.6 a resls t lve lood in dote of the tank cir- 
a i t .  I t  i s  assuc& fact norm1 !o::;c:d bias i s  applied the 
emltter-hose jucccc!:, x d  k c !  c :r;rr;.- a u s  ; s  ci.pi.ed the 
mllictr,r ]8a;ct?or:. 7w btcon:a:'j 31 7 1  15 eiiective1,i mn- 
necte? ciiiss the i: . l i t e r - h e  !ur,r-tion; cni !be ln1^ ?F 

mnnected tev+~:,ier emltter a;:? collector os shown. 

Simplified R F Amplilier Circuit 

With normal Closs A hios app l~ed ,  the r-f sirno! will 
vory the hose ~ a I t o ~ > e  equally c b x e  ord helow the operot- 
ing point (assuming o sine-bvave s i m o l ) ,  and o correspond- 
inq base currmt xwti '  f l !~: . .  .' '-!-:!?r ".. !crier !cc;!: ' :ed) 
collector cwrenr K I I I  fit: tilrougk: the 103: ~ e s i s t o i ,  1e- 
"e!opicm"n ?"*"".'.i.. --,".:--A - .- I!.. m ........................ . -  ...-- lu, a , . ,  ,!is 
the ccuon o i  a , c ~ r , e r t l j r i 3 1  I-i ~ : i ~ l l i i c r .  

G n s i d e i  now ti.e n e t 0 6  i.v n,i.ick rra?ulation i s  zc- 
complished in the biss clrcuit, usin,  the iccornaanvincl 
~ c h ~ ~ c ' ; ~ .  ?c:si:,~!i~:; I!,? ,z,:,,!,?t,:,r ,:ir,:8~;!iz gIzc 

siluwrj wihaur  hlos u ? p i l ? s  z n l  a ioad resistor i n  place 
of the tan< i;rcUi!. I t  i s  ~ 1 s ~ - R :  h c t  normal bios is w- 
plled the ernltter-base luncuon, unc !:let a rwirsr bats 1s 

applled to ti-;. ioll-rt,-,r j u ~ c c ? n .  33.c ::O~L:!ZI:SZ i s  :n- 
jected across hi. =-;~trer i-.~.x-.:n: :n:ls!c:. S:~CE. Cle 
m o d ~ l o t i z j  ::T,~I ;: ci:< ::~;?l., c~r,r.c:!~,? .:.I S&PS W I ! ~  

the emitter circwt it >ills to t i e  e!l!ltter bias -/her o f  thc 
same palailtv. %her tb!; -;?!I??+- ir ?pp"s!!r ?c ~chri?;  In 
the emitter hioc it  ,mrt!n_!ly cnncels 2nd :educes thc tat;! 
rnlr tpr  alas. - ip,i,s V E  "."F .̂, ,... . t ......... -,-I i ?  - - A ^  ,,- :r. " . . - . . . . . . . . . . .  . . . . . . . . . . .  
sL:r.!cr:iVd2s!y ,:ri.:? 22.: 2 1 3  . ::: :I:::.: ~:: . i t t i i  hi;s :?;el 
in  acccr,innce .*,.,I+, t ' x  rnoiul,sun,: si.x,:l. k s s i m i v n  o 

S,nujO,,";li ?!ol,:io.,:, : ....... . l . It 1.: I V ! ~ P T ,  .1"1 r b n  in- 

stontcneads bloc ..";ill ci:r var: s?nusr.?~iz!!,;. S r c r  1 
. .  . . . . . . . . . . . ~  

3. -.".. _ . -  " -r.rr,i; 1.. .dl.;, i , r  lil.lldlllil- ... ..... 
itad> , IUIII  ,,,:,: -.:::.; .... . . I 1  : . 1 7 .  "7" --1 ..',;. t i c  . . 
i?,s!cp,tgT.',".." "-- ':-- ..-- +' --- .... + l ~ . . - - ~ ~ ,  ,, ttc r-f :::ner si:nol v~:ili 

"orv cc,-nrinnr; : I F  - ? -  ........ intin.. , . h +  .... in n - rliC - . 
ierec! ;::? L ~ ~ L ~ : ~ C  iiriiiii:,, ;;ii;8111i.~:-e!. ~ i t i r  C-II!PUL 

puiurlty 1s oypL;!rt, t:rc :r: . :  r:i:rlt.;.l :or r c Y l r U r .  . , , , , , ,  ........ - , . . ,  ......-.... *,-- h -  .. .......... -, . ,>"~~.  ....... ,, , -  
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Simplified Modulator Circuit 

1-1 carrier input s i q a l .  To prevent distortion produced b'r 
driving the transistor into cutoff or into saturation, the 
modulation siqnal w l t a q e  must never exceed the d-c bios  
w l u e .  

The c i rmi t  of a typlcal capoci tonctcaupled emitter 
injection nodulatoi i s  shown in the follawinq illustration. 

' I '  

AUDIO 
INPUT 

P - 

Tne r-f input i s  applied to the base of Oi thmucdi r-f 
transformer Tl  shown untuned for simplicity. Resistor R1 
old R2 form a base  bias voltoqe dlvider from the supply 
to ground, which places  a fixed forword bias  on Ql. 
Capacitor C2 bypasses  thedivider to qround to prevmt r-f 
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feedback into the bios supply. Resistor 3 3  3r.d ~opoc l to r  
C3 form a convention01 e r l t t e r  svampina resistor bypassed 
to prevent deqeneration. Only very sIon,Iy vcryinq terncer* 
hrre chonqes produce a voltaqe across  R3. :See section 3, 
paroqruph 3.4.1 for an e ~ l m o t i o n  oi BIAS CIC,CUITS ond 
paroqraph 3.4.: for an enplanot~on of BIAS STABILIZATION 
for more detailed information on this Fartian of the circult. 
i f  desired). Transiomer 1 2  i s  the collector output trans- 
former with tuned prir:aw L and C4 octins as a conventional 
tonk circuit a m a s s  whict. the output slqnol i s  developed. 
Tne secondary o i  T2 is connected to the next ompliiier 
stage, or to a load (an antenno i n  special cases). 

The bios ~ l t a c l e  ogpeorina across  R1 1s t .e effect ive 
bias  aoolied to the bcse of 01 throuah the secondow of r-f . . 
transformer T1. Thus the r-f input voltaqe i s  applied in 
ser ies  with the d-c h a s  orovided bv R1. Horiever, cmac-  . , 

i tar  CZ bypasses PI to mound for rf and t c ~ e t i e i  with C3 
effectively connects the secondow o f  T i  fro-.bose to 
emitter. A s  the Input siqnal vcrles between positive on? 
negative olternahons, the emitter current varies similarly 
hut oppositely (decrrcses  on the posltlve port of the cycle  
and i n c r e m e s  on the neqotive pait of the ctcle) .  The 
pulses  of mllector  current applied across  the tonk load C4 
and L produce an amplified s ine  wave of r-i of fi.e some 
f requenq  a s  the input. 

Consider now the e f fec t  of the rodulot inq s imol .  
Since the modulotln? slmcl is c o u p l ~ d  tnrouah c o ~ o a t o r  
Cl, i t  appears as a wryinq of voltaye across  R3. lVihle 
C3 byposses R3 for r f ,  i t  i s  not lorqe enauqh to byposs the 
0-1 modulation. Tnus the emitter vo l tow i s  olternotely in- 
a e a s e d  ond decreased k the mod,dztion which chanqes 
the base bias accordingly, s o  that the bios varies a t  the 
modulation rote. Consequently, tile qain of the transistor 
is also chanqed ot the aadulotion rate. Tne transistor i s  
not exactly llneai in i t s  emtter-collector relctionships 
but i s  more lineat thon the Sase-collector ielntionship. 
While the output i s  not on exact  replica of the input modulo- 
tion, i t  will be similar in shape with tiouqi-s and volleys 
occurring a t  the sanle time but sliqhtly distorted. Madula- 
tion i s  effectively lineor from a b u t  zero to 96 per cent be- 
fore the tronsfer charactenst ic  r o ~ n d s  off .  Above ti.is 
r a g e  the distortion tends to became excessive. Tnereiore, 
applications requirinq full 1CO per cen t  modulation qeneral- 
ly employ the collector injectioncircuit,  which will Se As- 
~ s s e d  later in this section. 

While a res i shve  collector load h a s  been assumed for 
w s e  o f  e ~ l o n a t i o n  in the sinlplified c i r c ~ i t  discussions, 
in practice a tuned (LC) tank i s  n e c e s s a v  to select  m e  
proper output frewency. In every modulator, here >re su: 
and difference frequencies, and spurious frequencies are 
a l so  generoted (even in so-called linear modulators). R e r e -  
fore, i t  i s  necessary to select  the desired output irequerci.  
In this cose  i t  i s  the f r e q u e n q  of the r-i corrier plus  the 
sidebonds generated in the modulation process. 

FAILURE ANALYSIS. 
Gnc.ol. When makinq voltaqe checks use a vocuum- 

tube voltmeter to ovoid the low values o f  shuntlnq reslst- 
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once employed an the low voltoge ronqes of mnventional 
voltohmmeters. Be careful nlso to cbservc prcper polor ib  
when checkin; continuity :wth the ohr . re ter ,  s ince a for- 
ward has thiouqh cny of the aonsis tor  junctions will cause  
a false low-reslstgnce reodina. 

No Output. A !eiective t n n s i s t a r  or cpe? bose circlnt 
caused by 3 i e fecuve  lnac! tvan~fo~me!, or 3" open bias 
res?stor ~ : ! i  preven: apcrction. A-, open t i a s  iajilcitor 
a l s a  e a r  ;:cI~ce c;tsff t i a s  t?iouqt, deenera t ion  i f  the 
1-t " m e  ari tie resls!s?.ce m !k.e a r m i t  -re suihcien: to 
block 0jer;tion. F i t t e r  af  !!,ese conditions con 'k che&ed 
3y m a r s  a! 1 r is!s tante  ar a continuity check i;l*, an 
ahmzeter. h o p e r - c : r w ! t r d  e r i t t o r ,  possiNy m c s e d  b o 
deiectlve swn:-?~-? rnslstor, P?, ::!!I 3150 510: ~ ~ e r ( ~ t i o n _  

, ,. An ocer r.:r:.s:f:.: c:x:-cr?r will ql;r strip -r-rl.,.m; t h l -  

L U ~ N ~ ~ U U I ~  LUI. :widit ir~:i un open t c n ~  mi or 3 ceIecuve 
so!?eir? jc :~! ,  -%-,-- ~c nv!rcz:r!;. 5% :csi:ta:.:s. 
Czecj : , ,  :i:ir211r- L,.. ...- .-;~"*e ts  T C L ~  ~"~111 ieterr!,,ne i! 

this clr::!' 1s " y e - .  !71111"1 <,:r-.: , .  , :-l-.rit., . xi!! :eyers= 
t i e  bms, :,tcp n;ercuor., cnd most l lkt ly  ruin the tronslstor. 
Ir mos! ~ S A - F ,  a simple r ~ s i z t o n c e  and continclty cbeck 
corhne , !  r l t i  3 , , ,~l t?ce analysis ,  2.h: c hlqh :xpcdmce 
wlurc tc r ,  ;;,:I l i r l t e  n j  o f  t e  no-output troubles. 

Lor Output. 7 - r  I,??: 31 tc3 ill:j: 3 has  ,:;ill : ~ d s e  
clippinq ci  'LC z;~i.;: ;: inci, :csy!tiij in 0 low output with "..'".'."- ' -.-,- 1. I-.... .A. -.! -: :".".I"... 7". . ." ..A,..u,.....u.L L d d U . 1 ,  ,c d . =;lr,o! n,ust Le 
slightly qreoter thar !her-! mrner  input s imol .  Therefore, 
lackof nudm mm, a !-iect~ve coupl i ro  ccpacitor (Ci), or 
shartlng the 0-1 s l rnal  to ,.round by a defective bypass 
capacitor (C3) can :ci..;~ l c s s  o i  or low audio, and produce 
G lo.+; outpa: :oil.iltl~r,. I:,$ 1.e ni un osci l losmn? to 
check t ' ieuaveior!~ : . ~ i l  1 +r:r!! the ps!nt in the circuit 
wherp tho ; v r ~ v ~ f n r r  i s  - l c r - m i  c r  h:! !c IE. z~ :c :s :c? .  
Lock oi  s ~ i f l c 1 e ~ t  :-! I:..' ..i:: : ! s ;  ; ~ - G : c  i : * i a ~ t > ~ t  
condition, since the o-f functions merely to modulate the 1-1 
carrier. A 2eiecav.c or ~ i i t ~ r r ' i  tonk circuit can a l sa  cause  
n !ew ~u!p~! clc<?!?nr,  c:cc-. ?.c- c:zui,-r. XI:;: is ?.c- 
V~.IU~,CL ull ii!c .:u::.u i rv<i ln ,c~ 1s  b o t  oi  the in;": (coiileij. 
Vli,ere ti-c :o?d;tior 1s >;esii,t  h t  r-f drive i s  lackina no 
output wili appeur . t d l h  normcl ~i i r lve,  s lnce rhe collector 
load impedance (tank c i r c ~ i t )  is too lo- to t!rv~iop m y  
vol ta je  ccrcss  i t  ilncc i t  :; t l : ~ ~ ?  to t i e  r-f 5qnd .  

~ i s t o r t e d  or Incorrect Output. : is t~i t izc  XI!! kc i x s e d  
by imprcpci blos on? clll.-;t:r volta7e, or i: encesslve in- 
out  s i ~ p o i s .  Zec4 t b e r c l l ? r t ~ r  hini  or4 , r1 !q- -  w i h  ^ 
i;?h i e ; ? ? t ~ r ~ e  -r!--.:tsr. n s  1-i :!::.?! ::.,AS! ~ c t  excee? 
!" ,>c ?!,2s; m?,eyp,!.-?, :??t!!!:2:??. ?! :h.? r: ,::j!! ccc:>I, 

. . 
, - , . -. 1 ' *  ,,.-. <.,,-" - 4 , - - , - - - -  . : .  . . .  ,.:: , . ,  .. 
LF.e :.32-!:2::. ;VZX:. .: : :-1 :.:2-~ZIlZ7. :: ;:GI ~ 0 1 ~  
f iaent  c r i l l t ~ l e  the rcck oi m o ~ i ~ ~ l , ~ u c r ~  ? i l l !  also he losf  
2 t o  i . 1 1  -!milor r.nrrir tm ---7 1- 
f : -,: ' T~!DC!C! C.Jlle?,! i:.!~ !k~- SO!.;:GSCR 
T c - . - -  ... . . ,  ~ , ,.., ~ ..,.-.., ..; ....,... ,... "".. ;i;b;; .;.ll Lc i,:<:i, ai.: 
GiSiGiIiC!.  ."I, r -> i l t .  :. :. J:e 2! C,! <>: :':,t<>?-c:'" Zer-lt? 
wa-!e!crm ?iir!orticr.!- '.r 3bi~: , :~4  sr.? ~CCC:CI. !x : / 1~  
c a s e  o f  iojl;:e oi  rile 3-i modlllctlnn nn ilnrnnri>~!ot-" I-! w ~ t -  

~:;:!: k. :bL.:~,c4. 
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I f  the tankcircuit is too skzrp It-,at !s t ns  tca t . i+ s 
Q), s idebmd clippinq will also result ind  ti.< 

(',$ <,. .., , -!. higher modulotion ireqwncie:; wll! he 13~1 .  : j \ :  ,, >,>-,, 

a condition i s  not likely to 5- ! c i ~ l  I". -1Iitarj. n:;:;--nn! 

that meets specificotlons. 

COLLECTOR-INJECTION MODULATOR. 

APPLICATION. 
The collector-iniecuon c>o6ui:toi 15 i s e i  to :rc:ce 

modulation a t  either low or r ~ l a t i v ~ l y  h: lh lu,.-?l.~, or6 up 
to a maximun~ o l  1ffi per cPrlt LC:! s~,:!!lt:'>s~x!cr tronsfiittinq 
eqmpmen 1. 

fiA!ACTEB!ST!C. 
Isoperable  under eithpr small 51:r31 CI l o r x  s l p a l  

mnditions. 
Usps f i x ~ d  bias. 
1: c*&!c c: PC!! 1% ;<r 7: -,!. 

CIRCUIT ANALYSIS. 
t.neral. Callectoi-iriection 1s ti:i sem~canductor 

munterpart of electron tube plot? zo6~13t l an .  'Slhlle plate  
modulotion is usuolly alviays c t  ; ki.;t. level, collector- 
injection can be a t  vev low !eveis. In iact, a t  the r:reseot 
s tote  o i  tile urt, linear maduiauor~ for I.!+ irpquency trcr- 
sistors i s  limited to a maximum change of one tenth of o 
volt m l e s s  which i s  a very low level sf operation. Ir: 
oddiuon, the transistor ratinqs must be such t-lot rornol  
&c a l l e c t o i  wl taqe  does not exceed one t.olf c i  ti,e col- 
lector h a k d c w n  i r i ~ ~ c ,  ~?!hewiss  t!.? prick c::::; zx 
signol oppration m y  cause breakdown. Wt,en !.>ti lcrccr 
th.ar. h e  cr.ittcr bias arc *plied, ,< . Lu, , .L,~lur .  ."' ,.-.. ~ c z ~ ~ r s  !r. 
the bose a r c u l t  and cailses an increase or bias. i w e u e r ,  
thls slight bias  shif t  does not create as r.uct, distortion 
when coliector-injection is used a s  i t  would i f  either h s e  
or-emitter i!!itci;u.n were ssed. 

Circuit  Operotion. ?he accompanyinq illustrouon is 
o sdnemouc of o I Y P I C ~ I  ~ollector-inlection modulator 
arCUlt. 

The 1-1 drive vcltoqe is cpplicd to :i>e h s e  af Ql, 
thrau* r-f t ronrbme:  TI ,  i n d u w e h  i:cr prinai? L i  
tosemndarv L2. 711e h s r  is ii,lti nt r !IXP^ inrwor.' i-iqc 

by bias  voitoge divider R1 and R2. Ci is the r-f b y p s s  for 
R1, preventhg feedback of r-f into h e  bics supply oil2 , : "  : . - - , , """".".I ,II'I,II,",I",I. Yl l u l l  C, ,C.I>Li.l I.., /..:-"I:lvh !"YlmC! 

m n ~ m s o t i o n  a d  i s  LL.i:?s;i t;i C2 !- F.rr:'i:;t !tuer;rrz- 
tian. With he e r i t t e r  a! zcz?  ;;:c:::.:!, :K!; s!~::!; 
voryinq d-c zurrent chanqes cause: 5y 3 1%-perature 
channe will hios off t h ~  ~ m i t t w  OP? cc~~nter?,:! 1h.e ter?c::-: 
o i  incrmsed n ~ m e n t  flow wltk ! - i t - - : - -  t-.,:.nr~%~n. 
The  audio n c d u l o t i ~ n  i s  irsnrt~:! i -  ~ F I I C :  ,i::$. c j l -  
:<cto; o i  GI c-,robqi, 3"& trg,,;;~r, ,el 75 ;,y ~"d";,eci,3c 
s ~ m n d o r v  ii) ' k t w e m  tho  r^lii?^roi -,rr i . i  t k  i.̂ !:c! 
tank. ?hr zciandoiy of T3 1s also iypasscli icr r - i  'by C' 
to "'P"O"1 P! <~IJIY~! i n  the nilrliC cir-*.its c"..zc-? !7; !1̂ ? 

hck. G a t ~ d t  trar,sianr,ei 7; t50s i t s  >ril!!ury tuned, ,with . - 
LJ and Cil f o m n q  Lhc tonk,  ,whit, is i n , t x u v e l ;  z i l p l e ~  
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U U U U  
C 4 O U T P U l  

INPUT - 
1 c 2 $ { R 3  A211 M O D  I 

to secondary L4 providinq o modulated output. 
?he fixed neqotive bose bias couses heavy forword con- 

duction in Q l ,  and t u s e  current flaws from the supply 
throuqh R2, L2 secondary. md  throuqh 0 1  ern~tter-base 
junction back to ground through emitter swampinq reslstor 
R3. Thus the base i s  held near s ~ t o f f  for loiqe slqnoi oper- 
ation ( m d  1s Class A biased for small slqcal operation). 
With only the r-f d r~ve  s~qnal cppllcd, collector current i s  
decreased during the positive h o l f q c l e s  and inneased dur- 
ing theneqotive half-cycle. Th18 is convent~onol I-f am- 
plifier operation and provides the normal r-f carrier. 

Assume now, that modulation i s  opol~ed to the inout 
of L5, R e  siqnol i s  tronsfomer coupled into the secondaw. 
'Ihus durinq the positive half-cycles of modulation (assum- 
ing m in-phase connection) the collector voltace i s  opposed 
decreasing the effective collector voltoje. On the neqative 
half-qcle the polariv of the modulation adds to h e  col- 
lector wltage,  increasinq it. Thus the transistor q d n  i s  
alternately deneased or increased in accordance with the 
modulation swinq. When the qoin is maeased  a peak of 
modulation occurs, when decreased a troudn i n  the modu- 
lation occurs. If the transistor aaln vanes  lireorly. 100 
percent modulation i s  odiieved when the collector voltaqe 
i s  daubled on the neqotive half-cycle. .Althouqh secondciy 
L6 of T3 i s  bypassed by C3, the hypossin? 1s effective for 
rf only and the of siqnol remains effective in chanqinq the 

instmtcneaus collector valtoae. The output tank c i rcu t  
varles in accordance with the ~~odu l auon  and inductively 
couples the outp~it to L4 secondcrf sf R. In small-slwol, 
Class A operotion the tank circult determines ti.e output 
frequency. In lorqe-si.;rcl, Class B ai C operatlo", the 
tank supplies the nissinq holf cycle whlch is lost durlnq 
cutoff, and also deter-nines he  output fiequenw. Rus 
distortion i s  kept to o rrlmmum for either smoll-or l a rqe  
signal operotion. 

FAILURE ANALYSIS. 
General. 'When maklnc valtooe checks use o wcuum 

tube voltmeter to ovold the low values of shuntinq resist- 
once employed on the low voltage ranges of conventional 
wltmeters. Be careful, also, to observe proper poloriv 
when checking continuity with the ohmmeter, since a for- 
ward bias throuqh an.9 of the transmar junctions will m u s e  
a false low-resistance readinc. 

No Output. A defective transistor, opm b s e ,  emitter. 
or mllector circuit, or a loss of bias .w~ll prevent operation. 
An open base circuit con be c a s e d  by lack of mnunuity 
inthe windings of TI .  C'neck L l  ond L2 for continuity 
with on ohmmeter. L ikwlse ,  cr, open bios circuit m a y  be 
mused by either R1 o: R2 open. If R i  is open the opero- 
tion i s  certain toceose, 3 ~ t  with only R1 open some bios 
will be produced throuoi R2 and the tronsistoi, s o  com~le t e  
output Should not be lost. Check the volues of R1 o n d ' ~ 2  
with anohmmeter. An oDen circuited emitter, oassiblv . . 
mused o defective swoclpingresismr R3, ,will also stop 
operation. Check the value of R3 usinq on ohmmeter. An 
open circuited collector wili also stop operouon; this can 
he c a s e d  by on open tonk coil L3, o h i d  resistonce 
soldered joint, or 6 shorting of tank capacitor i 4 .  An 
open modulation transformer will also prevent collector 
voltage from appearing if i t  1s m the secondow oi  T3, 
a s  well a s  a short on C3. Use on ohmmeter to check the 
winding for continuity ond on ohmmeter :o check C3 for o 
short. If all the c i i cu~ t s  thus far are found to have con- 
tinuity md correct value there are still two possibilities. 
Transistor Q l  may be deiective or output winding LA of 
Ti may be o p .  Check L6 and L4 for continuity with an 
ohmmeter. Improper supply polarity will reverse the bias, 
s top operotim, and most likely ruin the transistor. In most 
cases  a continuity check combined with a voltage analysis, 
using a high impedance voltmeter, will locate any of the 
nodutput troubles. 

L o r  Output. Imp~oper bias con result in a low output 
with distortion. Check R1 for proper volue with M ohm- 
meter. Low output cm also be caused by low collector 
voltage. First d e c k  h e  unmodulated value to be certain 
i t  i s  normal, ond then check the instmtonwus volue with 
modulation using an oscilloscope. The rnodulouon should 
be able to drive tnecollector from zero to mice  normal 
voltage, less  than this ,w11 proCuce l e s s  than 100 per cent 
modulation. Check ti-e ivoveform with an osclllosmpe. 
Lack of sufficient r-f drive will alsa produce o low-output 
condition, since the of ae:ely functions to nodulate the 
carrier. A defective or n~istuned tnnk clrcuit car also 
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cause a lev:-outp~t condiuon, since the z a x l m m  outpu! i s  
developed on t . e  some liequency as ho t  o i  the input 
(carrier). '?!itL, :.c i- i  w p k d  x,2 Lev, d i v e ,  h e  carrler 
axpl;?ide ,wil! ;ha;i. oi, ;; o s i i ! l c s i o ~ e  i s  k i n 4  l e s s  h c n  
n o n o l  or less :tar ore-t.df tie roximur. pcssihle  a rp l i -  
C J ? ~  o! peck ~ c ? ~ l c ! ~ c ~ .  Tc dctc:zizc i i  k c  p ~ ~ i r , :  i: 
m i i e i t  udjbsi iiar i u l k  iu r  rrtuxinum r-fourput (mirlmurr 
owrent! i! t > s c  i s  no sk,cr; di;, in cdiria: i r  fironaunsei 
peok output as tt.e tunlnq mpocitor i s  rotated, =neck the 
tuning capacitor !or m open or s h j t t  

Distortion or Incorrect Output. Distortion will be 
caused by irrproper bius or mllector mi:zqe, GL: by CX- 
ceSSl"f . -  ... - --- p . . I .  ' I x t  r-: slqtrill ::.US~ riot C X : F T ~  the 
li- Lius; oriirrwise, rec:lilcotlon oi me r-i ~ l i i  K C U ~  ,ma 
change h e  bics, ar l ,  cs 3 r e d ! ,  produce a sliqht r . o d ~ l c -  
tlon si,ltt  on pocks. %i: :.,!I not 5, ;s >r?novrced c 5;- 
!ortio~ as i! ?!e i:;?ct?on .:;ere 31 SUSC 3: cri:tci b p i ,  
slnce cr iy c ;i:.-;l : i ~ c U o r  01 U,? s:ir:oi 15 iliiecter in ml- 
,,c*o. - c ~ ! " * ' - "  '- -.--. - -.-" . . , ... ',.u,,,,,. ,"o .,,,, , i l , ~ ~ ~ l ~ , l ~ r i  s i q z a l  .hill 
cause peok cliaplnr m d  distartior, smce t q ~  neqctlve pmki 

~ ~ 

will ente: ;ctxotl;n and be lost. Use of afi nsc i l~oscopr  
will permit ti,,; ty;e of woveform aistortion to oe observed 
and located. I t  1s also possible tt.ot excessive modulation 
peoks c a r  e x c e e ~  tne :.3.~:r:~m :rs:nrse ,vo!t3;e, cn2 like- 
'Wise cause  peak iiippir,q effects a13 possibl; dornoqe h e  
VWSIStOl. 
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SINGLE SIDEBAND MODULATORS 
Amplitude no?ulo!lon 1s t~le orocess by wtliiii h e  

mpl i tude  of 3 s i m :  cclled the carrier f r w ~ m o  C~suolly 
r-1). 1s varled by motile; s ~ q n a l  (usoolly c-fi. Ihc resuitont 
modulated r-f s l m a l  cm be scpn:cted into h r ~ r  dlffermt 
frequencies. 3 e y  :re t i e  or i3naI  r-f corrier ond the upper 
m d  lower s i d e h c s .  sidebands orc octually sun 
and difference frequenclr; 7cne:cted throu$ thp process 
of frequency converslan. 'Two h l r d s  of the overaqe 
radiated power of ful l j  rroduloted AM trrnsrnlsslan i s  
contained in  t . e  r-i mrricr. Since al l  of the intelliqence 
contained in the inaduiaur,? s iplol  is transposed to the 
upper and lcwer .;:,:enar!:., wi:lcn are identical to w c h  

~ ~ 

other, the corner ar . a::,: cf the sidebinds may be pliminated 
from the output i ; ~ f i . o ~ t  ;:lm$lr.j the rmoinlnq sideband. 
7 h i s  allows thc ovml3i lc  vorsmlttcr power to be utilized 
to a mu& Tenter  O ? ; ~ I . : J , > C  lr 3 511171~ ~ l d e h d .  This  
type of t r w s r i s s l o n  i s  :en-rclly k n o w  a s  s u p p r ~ s s e d  
carrier slnqle sldebm,!. hi. ,~ l scuss ion  of electroo tube 
single sidebanr: r.o:ul~t::r; in section 14.2 of this Hand- 
took is qencroily c;.pll;;lile to set~~iconiuqtor  s i r &  s i d e  
band modulators. l r  lmerd, smnlconductor ve rsxns  of 
electron tube s in i lp  ;l?i,icn? moriulotors provide oil the 
advantages on? , ~ o u l :  expect to End in  se r~conduc tor  cir- 
m ~ t s  suck as ?renter rellobility, cooler ope ratio^, qreoter 
power e f f i c i e n q  a d  i:;ll slze, in lirht-wel&l units. 

In sinale sideband tronsnitters the corrier i s  usually 
suppressed or e I l m l n t c 3  :>y h e  use of a bolmcer! modulator. 
' h e  baslc principle of a 5clcnccd r,odulotor is to introduce 
the r-f carrier to the zolcrced moduiotar in  such a w w  that 
i t  does not oppeor i n  tqe m:put. There 1s anly an output 
s i q o l  wher born the m ~ d l o  modulation ond the r-f carrier 
are  present s ~ n l ~ ~ l t z r e a l s l y  a t  the nodulator input. Th i s  
output siqmol consists of anly the upper and the lower side- 
h d  frequencies qmerated in the balanced modulator bv the 
mixing of Liese two l n p t s l . n o l s  across the nonlinear r e  
s i s t ance  of the transistor. Tne oriqinal oudio modulation 
m d  the r-f corrier inputs orc suppressed because of the 
operational choracteiis!ics of ti.e c~rcu i t .  All types of 
balrnced modulotor ci::-?:s function sorncwhat alike. 
Semiconductor bclances rnacl;lotors oru discussed in detail 
in  the folloiving purogrcpns. 

BASIC BALANCED MODULATOR. 

APPLICATION. 
' h e  semiconhctor  b c s ~  balanced rnodulotor i s  used to 

produce amplituie n o d a l u t ~ J  upper ond lower sideband . . 
frequencies for u s e  in smqie sideband transmitters. 

CHARACTERISTICS. 
Utilizes nonlinear chorccteristics of transistors to 

produce sidebands. 
Produces amolitude z.oculated uooer and lower s i d e  

bands while suppresclnl  *,e r-f carrier. 
Uses push pull outaut and oorollel inout to cancel out 

h e  carrier. 
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Modrilauor, is accompl~she? c t  la;, power l i l e l s ;  * .ere  
fore, no lo r je  r:.oJuluto: ;.o.>.er SU&::!E~ 3ni :r3nsformers 
are needed. 

Can prov~de  mnve:sion lain,  i.e., s i d e t c d  cutpdt 
greater hon modulo>on irput. 

CIRCUIT ANALYSIS. 
Ganerol. ' h e  basic b l o n c e d  c c d ~ i a t c r  FroLuCes m:;111- 

tude moduioted upper on3 lowe: ; idikm?s on i  sllppressec 
the r-f corrier. This 1s ~ c i i e v e J  3y cmpiin-  tne r-f 
coruer, m-phose, to the bases o f  two u3nz1stors .riicse 
output is mr.nected 1% push-pull, [ o ~ t  of p-'cse). T-,e r-! 
carrier i s  kept 8 to 10 t l n e s  as lcrqe 2s the codula5rq  
voltage to keep ds to ruon  to c r r ~ n i m ~ r .  Ir c u i - p u l l  
mpl i f l e r s  ar: input siqmol n u s t  be 3::: 2f phzse to p:oduce 
on output since any in-??.ose inputs corcel  in the cuhllt.  
?he mo&lotinq siqnal is applied to the bose cf each eon- 
sistor in push-pull (160 d e q e e s  out of ?hose) throu*. o 
center tapped trmsfarmer. When both r-f cn:rler anc ouuo  
modulcting siqnols orr wpl ied  sinultoneouilv to the boses 
of the balmcod rodulctcis ,  sum and d i f f e r a c e  f r e w c r c ~ e s  
( s i d e h d s )  ore produced bv the modulotlra frc::t~nsles 
k a u n g  against the comer,  s l n c i  ~1 . /  mpl l tud?  rnodlic- 
tion process is essentlolly the sore c s  h~tero:y:r:n-;. A s  
in o frequency converter, any modulation i h c h  ~ ~ 1 s t ~  3n 
one of the mixlnil freouencles 15 ilnecrlv !ronsrnsed to the . . 
resultmt sum w d  difference f r e q ~ e n a e s .  Tre c3llect3: 
circuit contains the upper m d  lover  slde5rnds *hien ore . . 
the sum anc h f f e r e n c e  frequennes,  respectlvdv, the r-i 
carrier, and the a u 5 o  modulot~on. ' R e  came:  1s c a n c ~ l l e d  
out by pusk:-pull ocuon in the o u t p ~ :  trcrsforner, or? the 
output transformer d s o  presents a lo:. ~ m p e i m c e  to t-te 
audio modulating signal. Therefore, the original modulat- 
ing signal a lso 1s not developed in tqe c ~ t p u t .  The q n -  

r t -n -  a t  :It eroted s ldebwds  areo~t-oi-pivase .;):n wit. 
mllectors  of thr  t rmslstcis ,  s lnce b e  m~dul3 i l r ,~ :  51 :nd 
i s  o u t o f  phase at the bases. %eseodt-o5phose s l n m s  
odd in the output trmsforrner rcther d.z? x n c e l  3s in-phase 
signals do, and ti-ey ore indrtl,:pl; s o ~ p l c e  1: hi !cil:i- 
ing s tages through the output trans1c:mer. 

Circuit Operation. The ociampcnblnc hacram illus- 
trates a basic sern~mnductor hdmced m ~ i ~ l o : ~ : .  

Audio tronsforiner 71 muplcs  the ~ u d a  -md~l,2:1an tc 
the bases of tronsistcis 0 1  o n i  C2. Resistors R i  and 32 
b m  a hose 510s v c l t a ~ e  wmder :vhict. p r m l i e s  the prcper 
bios lor the tionslstor. C a p x l t a r  21 p lcses  t h i  center tap 
of T1 at 0-1 qmund po tenud  to s~ppi;.  ar ~L:-C~-P?CSE 
(push-pull) input. C ~ F O C I ~ O ~  C2 couples h e  - f  ccrrler from 
the carrier osc~ i lo to r  to the  slicer of ~ a - i ~ e :  idaqce 
potentiometer P,3. Potentiometer E3 con 5~ oliustc?, to 
vary the relouve ocplltude of t?e r-: ec!:.ir ;I rnol ; a l t o ~ e  
on the boscs o!  C1 m i  Qi, to p:3v~?i  c c-:rltr ~ I ~ T C I  con- 
trol, so that the r-i  corner ca r  t e  calcplctely s ~ ? p r e s s e d  
in the output. Capacitors C3 arid C4 couple the r-f carrier 
from balorse pctmuorcPtrr F3 :a the bases of 3 1  md 32. 
and a l so  ac t  os d c  blas blockins capacitors to prevent 
base shorung. T:3nslstcrs 0 1  m i  02 31E. Y e  ncnllr.eor 
devices used for qenerctlnc L ' o  s.zr3onas. Reslstor P4, 
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Basic Bolanced Modulobr  (Common Emitter). 

which is bypg::.i: i.; C5 1s .: canventlcnal eol t ter  s tob i l~za -  
tiw r e a s t a r  ir:eni; to p rwen t  zhcnqes in tm~pero tu ie  
fromclter~r:> t v x b ~ s t o r  sncrocter ls tcs .  Center-tapped 
o~,p;dt trmsiormer T i  pro->lies 0 push-pull collectcr load 
lor the rno : ~ i o r a r s .  ;:opnr~!or ::i p1n-o.: 11- P F - ~ ~ P P ~ O ?  o i  
f i e  prlrr,nr,; a: T; ci r-f 1:mn: pot-nuoi. 

To .," -,.. - ,:..,- ",,"" - 6  .!.. """," '-1 .............. ". ... .,-- 
>:~.:~.':::.c.:a:2k~r, z.:~:..~ LXCL ~:.:l ::..; ;->e r-i ,c:r:.erls 
oppiled. Tne I-: carrier q ~ n ~ i o r e l  In  me zcrner asclilator 
1s co,ip:c tnrou$l i'2 :o i c  sl1:r.r o! p!tr:uometer 93 

......... Yare * L C  - -^I ^ "t I__+, .̂I - c  0" - 2  _ _*_l,. I.._.../ -, 

i s  coupiei  m:ou!;h capauto:: 'C.3 c r i  ISi to me Doses o t  
C1 m.j CZ, ! ~ ~ ~ _ ~ t ~ ' ? e l ~ .  2.e ;or!!a s!;;!nci ,icItut>e 1s in- 
p n a s ~  or cl? casc.: o: Q i  md 02 ore coraliei mn- 
npr t~ ,? !  anmi L - r  * . , ? l l t ~ ~ , : ?  o f  tnz ilrr!or F ! x ~ !  c t  Cnc ~ O S C  

o f  -,<:t trlrjsi :,:: 1s ,:,::::T,c!;E: bj, L-:? ,?,!j~st!:..e!:: c i  F3. 
b ... . .? ". ..... . .-,,...... ......... ,-; ,c., .: ,3 i.~t:;::,j ir : - I ~  n ; x t v i  k2Ii 
q,-i?, t-,Y I.K-,,:,~I :- tor:,u:,: .,,:=: ~ G S  ... !:~,::eosed on:: h t h  
m ) i o "  ,*r,= .,rc,:, ",. , ~ - . ~ - . . - " p - ~ ~ . " , - . - l : ~ " ~ ? .  . . . . . . . .  - ,..-, 
! b .. ......... .......................... -.":, .!;e :L::;.::. .!:LC L::- 

" ,,?- . "","~.,~ ,,,". -... ", ? ..*, . *."-?+" ---. .... ---.* -. -. -. .-... . . . . . . . . . . . . . . . . . .  
,r:.; ;, .... . . . . . . .  - ........ - " .  -- ..=.. r:--p; :-~ . . . . . . . . . . . . . . . . . .  . . > ~ 

a"-. . . . . . . . . . . . . . . . . . . . .  ... .. ..".. -. ~".. *..... "., : ,  :".-.c:,: :~L.',~i,; 11. 

O D E :  Lt,' ,:IrYct,~,-. ; . I  "' '"::r . . r-1 n t ? r ; l  ?r clltpllt I c o b  
" , ; ... - - .............. ;. "" tr. y c , .  , . . ,  . 
u ; ?  ~ 2 :  :/?::. c r  Y.! :p,:; fi .. ,,:: i ki2?, . ?  :&:.:": 2-,:: 
. . . . . . . . .  -, .. 

LbA>  c .,-, ,-.,. I....... ,:." ..... L , r  , . L L  <::c..s 
1 rLTrIsr-p, .. . . . . . . . .  :- ,-:-: T -  ... . , .. . . . .  . .  . i 

,>. *,. . di , . , . 1 . : c "  L , d s s  ;. 1:~1 2.. ;:.r:.s:> 
n,3rc,.ce : t i  ?, - r?c r  :!,-. grnl?n e"" pl!mnv 15  C.p"S!!e. - .... . . . . . . . . . . . . . .  , ............... ..,.,,,;.., ;; ;?;" ;iui.u;-vii.n.l.c, 
Fn _* . . .  . ......._ ?... ." *"" ^ . " . ,  "- . . . . . . .  - ....... , t i  !. . . . . . . . . . . . .  1: :*- nr- 

- ~ " ,. . ~ .  -,"->, .- ., .* - - * .  .* --.. * - +  L > >  .L, ,"-~ .............. " . .  ....... " -" 
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posing siiplals are exouliy equd ln u::>iltrlue n c  he  
carrier is completely suppressed. Thus, i t  con be seen  that 
m ou tp i t  is not produced w t h  or:lv Sr r-i C S T ~ ~ P I  n p c t  
opplied. 

Vhm O U ~ O  mcdu1a11on m,c ;he r-i carrier .ire bat! w- 
plied simulmeausly, a d11:c:ent sltuiuar i r i ses .  n e  m d i o  -. 
modulotlon 1s oIl , i l~d th rn~ l , fn  tri!,-in-m~r I! S!cce tne 
secondary o i  7 1  1s effecilvely cir te i - tamed by C1, R2,  
md the t l o s  s u p p y ,  ~ , lo ,hlut~orl  ai:pcl ;r;;ti,%es ore "e- 
veloped across  cach hcl i  oi the sceonioty w l r d n q  of TI 
which are out o i  pilor;? wtn  r c c '  rltii.~. Trr out-oi-phase 
madulaunq slrgpials me oppi;i-: l r i r l ;  tc the bose c! ecch 
tronsistoi. C o p c i t o r s  C 3  ond C4 ore of s8;ch 3 value that 
the;, Feser.! 5 hi;!? le"~!i:.~ :Z?O?Î CL. :3 :;?:c !:~Z..;?.C~:Z 

md thus p revmt  m y  ouclo : ! : a : ~ l ~ r ~ o n  !yo- fee?lni: bock 
from one t o a t  li ine ~tilrr UI, j ,. :I l:-i;l~l,l -i~i:t: otnrr oat. 

M m w h l i e ,  the oudlo n ~ n ; ~ l n t m ?  i-.,?l ?:ocuia!e~ ihe In- 
srrkc( ::., . . .  . . , ," ,,, , ,Ti,,< ;.;,- :,,-; . + > .  . : , . . . . . . . . . . . . .  
in the cailector clrnn! ni t rars .s!r . -  0! T! C2. Thi-SP 
s ~ d e b m d z  orc prcdur-crl by mlxln-;  C~,ce ~f carriel !ir;llirrry 
m d  the ~~latiulutior, sitlrrul t w > r t ? ~ ~ r  :n:ss c nonI ! r~o i  de 
vice. (netai led inlornlotlcn canrPTlnq i r c q ~ . n q  mrve l -  

, . 
s o n ,  (rnixinq or iit:cmdynlr:q), i;.. ! F ;oil:.: I:: zit .ntro- 
duction to Sectian 13  of :his Ecndb;?on.) To better ~ l l u s -  
rrate in? Operotion o f  the noclr balanced nolu!o!or ;*,i:? 
b t h  r-f carrier and modulctior. mplied,  assme that the 
first half q d e  oi  the nloddatir,? s131dl v o l t a 2 ~  opplled 
to the boseof 0 1  1s pas luve  m'! :iz :Irst ?elf o j c i c  of the 
modulatlnq sl.yla1 opp11i.d to thr  hose of 32 I S  neoatlve. 

nr ccr..?~r!icr. :! Q! !c~T?~.:c.: 7; z 1e7;;: L j  ..= 
posltive hd! c j r l u  of n~o<u!ct~cn ?np:lt '+;as:::; :nc !cr- 
r L o  f ...........;................ 7.1; L ~ ~ L I I ~  I :  

neiiotive p i n g  s locbwd i i e q u a a i i  ;,iln,: ~ e v e i a p r c  c,iass 
the top ha11 of the output trars:o-er. At :he s n r -  13:::alt 
the mnducoon of Q2 incrmsec 3 s  o r ~ s u l t  01 the n ~ ~ t i v e  . . . . . .  ,*,jr!q p,cje j ! : ~ g ~ I ~ u ~ 2  ::p;: ~:6:?,? :-.- :crv.zrz 

bias of the emitter ilos? ]UIIC:IO:, ~ i - :  ial is lnj  ?os l i lve  
p l n q  s l d e h d  volloqes la be d e v ~ l c ~ ? , :  across the b i t o m  
half of the numu! t rmsfs r re r  T?. PI~:~-:L!! JC!:O: cc11:~  
m d  the s ide  h n d  f iw i l a i~  ~ 1 , 7 1 1  vo;t,>;e; c.iJ Lo el;C~, 
o:L,e: c a u s ~ q  bath u & i i  m i  loiui; s~ r ! ibw ,ds  to ilr tic- 
veloped ond i n d u c t ~ v ~ l v  in,ipl-- !r. !+- --cn-lo::l C! T2 
The i-f carrier i s  s u ~ p i e s s e d ,  ns explmnei  purl?t.r, ad h e  
O~ ,,a,,, - - I  m i i a  moduldirnu s14;d 1s ,;ill d r : r l o b d  duu ra 

, -- - .  
tile ic,w ru:r:rcccP r r  ! i rc T I ~ C  !:?c~-;:-r. !?,?:eto:c: 
only the upper and lower s i d e b n j s  are prcduced bv the 

FAILURE AN 
General. 

tube mltrnr t r  i.r 

m c e  a n p l a y m  on me I o w - w ~ ~ ~ ~ P  I ~ C C S  C:  Vle S!w.:nn 
?O,'XXl shms-pr-va!! xe!%. % c-refs! z lso Sc ub;c,.,c 
proper polcnty when &e&.ln; ,zwct?nL?ty 21% 5r c k r ~ ~ , c t c r ,  
;in;? ; f~ i i i~ i :  LWis t h i s ~ d .  ljI 2;c L t ~ i i i i i i ~ c i  ~ ~ i t c u ~ l i ~  

vnil c m s ~  a false  iow i r s s t m c e  rea3nz.  
No Output. Snee met. IE: O! 1:; :1:::; La!x.:cd rid- 

.!-.-. . ........ ;,?iii.i..i .;.>>*!:L,~L.: 4.: L1!:.. : .... j l . : . l : ^  r̂: 
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should be noted that, while the transistors ore of opposite 
plonties,  they hove the some operotion01 chmacteristics. 
The audlo madulotion and the r-f cmiier beat toqether in the 
ncn!inenr resiitmce of the trw,sistors, wd sum orad dif- 
!ertnce !s:drhmd) !:r;~encies are p io l i cd .  Tnnir s ide  
band ireqencles ore developed across the outpgt trons- 
farmer nnd nre init~~cfi,ze!;~ mu:!ed !r. !h)la iollo-ir.; ::cjc;. 
Ci.",,,", --.... --- - - - - - -  1 - . I  i ,cl , ,~, , i~ urc v ~ r u , l g c u  hu Lout iiie r-i carrier and 
ti.? ~ r i y r n !  nvudin *o. '~ l~!?~;  si;r:! do so! appec: ic the 
output. For minimum distortion the r-f carrier i s  main- 
t?!ned ct c lesiel 8 to 10 t i res  yreater than the audio 
r.odu!aanq s~qnc!. 

Circuit Operotion. Tee occom~nnyin~ diaqlc.  illus- 
trates o bc l xced  canplemmtorj synr.e!ry modul,3!or. 

QI  
PNP 

NPN 
R 4  

I 

Balanced Complementry Symmetry Modulator 
(common collector configuration) 

. ,. 
m?<:lo trmsfcrmer Ti cou~les  the mdlc iicd'dlitlon from 

.: L;,cireceJl:~l; . I .,1;.4it; to the k s e s  oi 5i ma Qi mrouah 
-. , -, -. . ~~. ~ 

5::- rer1=:2r; :: ZT.2 Ed. !<! x.2 !?2 tcrr, E . " .C:! ,~, :F 
.. . ::l;:,:e; r,ii;+ori~ to uios !mns!stor Gl m e  r~s :s to rs  L:? ,:n< 

. . = f ,  z , , , , ! . '.l"~ 

i~rmer li ca,!ples tne r-! carrier fro- the Cm:1FT OSC~!!~!CI 

!2bc!. ?,;?A5 ?f :,?!? :*r b,,;! 7T,,...T,r, t s z$ : , - , . o> - r  R? - , ~ ~ : - ,  
, . , * . .  ?C .:.:.I ' -. . , ' . 

. .  . .-, .... ..... .c; ,.:C..i..:~c, 
,,ffec::,;.;,", ".n,i>r ...-.. 1:. .;,-.,,;,-,..A: -..-,.=. ,-.. :. . ~ ? .  ~.~ ... . . . , .  ~. . . ~  . . . .  , ,  

io:lner - 2 ,  CCI:S!~O 16U1 o~t-of-nk.lis~ r-f i O l l ! i -  3 . : - ~ 1 !  
, . . . . . . -1 - '- . ...-,-- .- "- ?.." -,,. 4. .,,. .up " .... ",,,w1,2 "L .;. ul jup- 

lmr; copclrais Cl md C2 couple the r-I corner trox tra-.s- 
T " , . . , ~ ~ L ~ - ~  -" ." ,.,. , ,, ,,, .,..;. c 0; r ~ ~ l  l:~,:~i:.idi c::: i)re,l.cil ; , .. 

porn from ueinr: formen !rcr the b3-c ?! ex.: !:::1:::.:!2: :T 

,jro:c? !i:rc:;qh zorrier b,z:z?:e r,e!nntio-.e:?r 55. Tr :- 
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sistars 01 and 0 2  are the nmlinem devices used to qm- 
erate the sidebands, and trmsformer 'E serves as the out- 
put load for the balmced m m o l e m m ~  symmetry modulator. 

Since both trmsistors have the smne ooerational 
characteristics both trans~stors mnduct equally with no 
signal input, md thus bath trmsistors have equal equivalent 
s ; i , i t t e r - i ~ ~ ~ e i t o ~  rrbislurlce. Tius, ir c m  be seen tho! o 
halanced condition exists between Q1 md 02, and the 
voltoge drop ucross Q1 i s  equai to the voltage drop acioss 
Q2. S:nce the absolute volue of wltage between eoch 
power supply md qround is the some nnd the voltoqe drop 
onoss  the tmnsistors is equol, there i s  no voltage between 
point A in the figure orld qround, and thus no current flows 
through o-!put transiormer T3, ond no output is produced. 

:GI-. .. ..... - .. ,--.. L ~,".. -...I, i ionn ,.uu uu~-u:f-pt~asei . .. - inuut u s~anui 
i s  applied, in this cose the r-f currier, the followinq taker 
place. G3rir.q the period of the lnput c jc le  when the bose 
3: ,Ql i s  driven positive and thebase of 0 2  i s  driven neaa- 
tlve, concucuon of bath Ql md Q2 decreases. ' h i s  i s  due 
too reluction in forward bias applied toeach transistor 
(PNP trorsistor Q l  normally has i ts base biased more 
negctiue than its emitter md NPN transistor 0 2  noimallv 
has it base biased more positive thm its emitter). This 
decrease in conduction of 01 and 0 2  is in e f f ~ t  an in- 
crease in equivalent emitter-coliector resistance wd, 
smce both timsistors have the some operation01 character- 
~ s t i c s ,  bath trmsistors decrease anduction in equal o- 
mounts. Although the equivalmt einitter-collector resist- 
once of both transistors increases, i t  increases euually 
ir. b t h  :r~;l;istzis ~ i l d ,  theiefoir, iiir vuiroqe drw across 
GI reaams equol to the wltoqe dmp o m s s  02. Once 
ogain the balanced condition between Q l  and 02 i s  main- 
tained ond no output i s  produced, since nocurrent flows 
through output transformer T3. During the next half-cycle 
of r-f carrier lnput o neqotiveqoinq holf-cycle of rf  1s 
CO..-' ,,led from transiom~er 2 to the base of Q1 md in- 

r r ~ s p s  c h ~  forwmd bias on Q! cmsL7q tb,e ion&ction 01 
Q l  to increase. Simultonmusly, a pasitive half-cycle of 
r-! i s  cpplied to thebase of 02, where it ogain increases 
~e iorward blos on 02, cousinq themnduction of Q2 to in- 
crease. '&ti transistors innease conduction at the same 
rate, and the equivalent emitter-mllector resistance of 
htk, tiinilsrors decreuses equ~lly. Aqaln the voltoqe drop 
ocross each transistor i s  equol and o bolmced state i s  
maintamed. Hence no output i s  produced. In this monner 
the r-i :Jr::er :i: :iiec:;vci.i ;.~ppe;;ei i;, tt,r coii~pic~renrrv 
sy--e17 5o!mced lad-1a:o:. !n ocrd;: practice, &,e 
" ,.-.. .,,~. ...---- :. - - :. . . ..=- ... :tdr":tz~;>L< ! L U ~  kr.v&r, <"dB:" 

matched F i r s  of transistas necessitates the use of s& 
ay.n..-i I .. . ...-...2.. ,. ,;:;i.i,i.~ d . ~  iiiiuli. ;Ilr ~~~i~i l l t? : ,ent iv  
syfiiretry bll ia~ced nloduiotor achieves precise corner 
L",---*.: , . . ", :..::<.z,; It ;;az.;ibl< :a .very <r,e a,,,pl,t",ie uf  1w- 

..f . . -,-..,a. --.-I..' .---.-- t-.'- ." ~ , , ,  i;csp;f c: .,*ti iesp%t to 

pi i r~de oi h e  r-i corrler mupied to the baseof 02. This i s  
aih:eved by effectively center-tappinq thc secondary of r-f 
Carrie: ! n p ~ t  tronsfonncr T i  by connectinq bath sides of p o  
tentlcre!er V5 arros? ~ l c  r c c o . ? q  o! Ti. ?'3rjlnq the 
poal:~: oi t i p  i ~o l~n ie?  s!lder i.! H5 hcs :he s x e  e!fect ;s 
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mryinq the posit~on of the cen:er-top on a centertopped 
tmnsfarmer. 

When oudio modulotion in addition to the 1-1 corrier is 
applied simultaneously to the balonced modulotor, upper 
old lower sidebands are qenerated as the result of the r-f 
corria frequency and the audio modulating frequency beotinq 
tapther in the nonlinearly operoted transistors. Four 
b x i c  frequencies ore present in the emitter circuit of the 
transistors. 'These frequ~ncies are the oriqinal r-f corrier 
frequency, the orlginol oud~a modulotinq frequenq and the 
slm and difference frequencies (sidebands) resultinq from 
heterodyning action. However, only the sideband frequencies 
are present in the outpllt. 

?he oudio modulotion is ooolled to the base of each . . 
emisistor in porollel ( ~ n  phase) fhrouqh transfotmer Tl. 
Durina the wsitive holf-cvcle of modulotion input the for. . . 
ward bias on Q l  is opposed by the modulatinq signol (01 
i s  o PNP transistor) ond conduction of Q1 decreases. At 
the same time, the positive holf-qcle of modulotinq siqnol 
aids the forward bias on 0 2  (02 i s  an NPN transistor) and 
conduction of 02 increases. Tile balance between Ql and 
Q2 i s  now upset since the equivalent emitter-collector re- 
sistance of Q1 increased cousinq an increased voltaqe 
drop ocross 01, while the equivnlmt emitter collector re- 
sistance of 0 2  decreased cousirq a decreosed voltoqe drop 
acmss 02. Point A in the fiqure is no locser at ground 
potential but at some positive voltaqe ond current flows 
through output transformer T3 cousinq on output to be prc- 
duced. The 1-1 carrier component of emitter current is 
wmcelled as explained previously. ' h e  sideband component 
of emitter current and the onqinol audio modulation mm- 
p n e n t  of emitter current flows through the primoty of aut- 
put transformer T3, but the output tronsfonner presents a 
very low impedance to oudio frequencies, therefore, audio 
frequency voltage is not developed across the primory of 
T3. Only the upper and lower sideband signol ~ l t a q e  i s  
developed across the primary of output transformer T3 and 
i s  inductively mupled to the followinq stages. Overall 
circuit cperation i s  the same for the negative half cycle of 
mdio modulation input. R a t  is,  during the negative half- 
cycle of modulation input the forward bias on 01 is in- 
neased and conduction of Q l  increases. At the same time, 
me negative half-cycle of modulotion siqnal decreases the 
the forward bias an 02 (an NPN tronsistor) and decreases 
conduction of 02. The balance between Ql  and 0 2  i s  now 
upset because the auivolent emitter-collector resistance 
of 01 decrwsed, cousinq o decreased voltoqe drop across 
Q1, while the equivalent resistcnce of 02 incrwsed cousino 
m increased wltoge drop ocross 02. Point A in the figure, 
i s  therefore, no longer at ground potential, but i s  at some 
negative voltage so thot current flows throuqh output trans 
former T3, cousin4 on output to be produced. The r-f cor- 
ria component of emitter current is cancelled as explained 
previously. Althouqh b t h  the s~deband component of emitter 
currmt and the orlqincl modulation component of emitter 
current both flow in the prilnaty of 73 .  the low impedance 
offered to the audlo modulotlon is insofflclent to develop 
an audio frequenv voltoqe across i t .  ?herefo:e, only the 

0967-M)00120 MODULATORS - SSE 

upper and lower s~debmds cre inciuctlvely coupled to pro- 
duce on output in the secondav of T3. 

FAILURE ANALYSIS. 
Gmerol .  When mokinq voltooe checks, use a vacuum 

tube mluneter to avoid the low values of multiplier re- 
sistonce employed on the low valtaqe ranqe of the standard 
20,WO ohms-per-volt meter. Be careful also to observe 
proper polarity when checkinq continuity with an ohmmeter, 
since o forward bias tb,rouqh any of the transistor junctions 
will cause o false low resistance reodinq. 

No Output. Since transistor Q l  and its associated cir- 
cuit performs essent~ally the same function os transistor 
Q2 and its associoted circuit components, failure of either 
transistor or associoted circuit components i s  not likely 
to couse a no-output condition to exist. Likewise, failure 
of either the positive or neaative power supply i s  not likely 
to cause o no-output condition to exist, since each power 
supply serves only one branch of the modulator. Failure of 
a component, suc;. a s  the audio modulotion input trans- 
former TI,  the r-f carrier input transformer T2, or output 
transformer T3 oil of which serve both brmches of tbe 
modulator could be o couse of a no-output condition. Con- 
tinuitv checks of the transformer windinas ond resistance 
checks for shorts to ground or excessive leakaqe between 
windings will reveal o defect in either TI, T2, or T3 which 
muld cause a no-output condition toexist  Failure of T l  
or R could couse a no-output condition to exist by foilinq 
tocouple either theoudio modulotion or the r-f carrier to the 
balanced modulotor. Likewise. failure of the source of the 
signals (modulating signal or r-f corrier) would also create 
a n*output condition. To determine whether or not the 
signals ore reachlnq the balanced modulator observe, with 
rm oscilloscope, the waveform present on the primow of 
audio input transformer TI,  and thewoveform present on the 
orimaw of r-f carrier input transformer T2. Absence of 
either of these signals results in a no-output condition and 
indicates h a t  !he fault lies in the staqe, or s tows precedr 
i n g  the modulotor. 

L o r  Output. Fallure of almost any component m the 
mmplementry symmetry balanced modulotor could result 
in a decreosed output. Foilure of, or impro~er output from 
fromeither power ;upply could result in low output ond the 
power supplies should be checked and repired or ad- 
justed, if necessary, before my comment  substitutirns 
are attempted. Deteriorotion of either of the transistors 
could also be a couse of decreased output. A low 
output condition could also be due to improper bose 
bias applied to either transistor. Check the voltage 
present on the base of Q l  and 0 2  with a vacuum tube 
voltmeter. 1f o d i sc repnq  is fwnd the most likely 
cause is a change in value of voltage divider resistors 
R1 and R2 (for the base of Ql)  or R3 ond R4 (for 
the base of Qi). Improper base bias could also be caused 
by o short in ccupling capacitor C1 or C2. If C1 or C2 
opened, a low outpx! condition wsuld result since the r-f 
corrier would be unoblc to reach the base of either Q1 or 0 2  
A partial foilure of transformers TI or T2 could result in 
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