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SECTION 12 

MIXER CIRCUITS 

PART A. ELECTRON-TUBE CIRCUITS 

Aud13-frequency nixing is defined as the cambininq oi 
1 . ~ 0  or more mdio-frequenq (23 lo 2'2,300 cycles per second) 
siynols from separate sources in ony desire3 proportion 31 

the inaut to o n  mdio-onplilier system. 
The !err; audio mixer s n u i l  not be ennllse4 aim t-e 

term rnizot used to desiiwte the non!iccn: zi:c;it t?:t 
netern4yqn. ,be I-! r_ rA  !ncl!-,5.-!!!?t,r ci2q?!F !. il-er. 

r-. 

neterodyne receiver. id310 mlxers ore considered os "con- 
biRiC$r ~ i , - ~ , t s  : zn? 2:s a p e r ~ t d  2s l:ne;r z::zc:tz. 

Audio mlxing clrcults ore 2 s e i  in putiic-3ddress, 
s?.?.i-!istrit,2ti.,. x.? s:?i!s .:?:: 7; !3 3:"L:::i. 

two or nore in?~t-chonnel slqnali ior furtner n.lal~ficotion 
in the main chonnel of an audio-amplifier systeo. It 1s 
necesssry to control the :ndi,iiducl input-cn3nnel sitna! 
levels before mimnu occurs. Also, it fiemrncv conam- . . 
sation of the individual input sign& is required, the Ire- 
quencs Compensation must be accomplished h!me the s i j  ~.~ 
nc!s ;re ojo1;ed to ::e -i,ixe; inpyt. 1: i s  dtsird,le la h:$e 
the individual signals to each mixer input a s  neorly equal 
to one another as possible so that similar control settings of 
the mixer circuit will produce similar output signal levels. 
This is especially true ,where the mixer circuit (channel) 
controls are lronl-pnei controls whlch are easiiy accessi- 
ble to the 3perotar ond requlie frequent opetallon or oilust- 
'??"I. 

.:'k,en s lox-~mplitzde sijn;l is tu t e  . : . i d  wit3 ; sli- 
no: 01 qreater amplitude, an audio-ompiifier s t q e ,  coliei 
o p r e ~ m ~ l i f i o r ,  IS  dsed to increase the wplitdde 01 the 
%'~!!er s;qng! so that it j n ~ r o x i 7 " _ t e ! ~  eqln! tn the 3-3!i- . ,. ~r . , ~ ~  1 
iuuc 41 i;lr ia~qei s iy i~u; ;  iilrrl tile iwu  irioui siqrldis ,will ie 
3! a3proximotely the same ;;lp!if;de :levei: telore mlxla., 
occurs. In some instances, if thesrnoller 01 the tivo sly- 
n;Is is at a sot is lac to^ level for appllcat~on to the i ixer 
circuit, tne signal with tne l>ruer azoIitu4e :s s~.zp!y 71fe- 
ns~nted to 3 level which is equal lo thit 3i the sr:iier S1g17: 

AuCla nlxer clrcults can t e  clussllied 3s iluler electran- 
tube type or resistonce-network type. Mixers may be fwther 
classified os hiuh- ilr low-inpedonce. ccnstcmt- ar noncon- 
I -  J - - : r ire . i u i t u  

.. . 
::&,A3 c.rzd,:> hricLiY :c>cr~>e: n: :.#a> 5cbt,<t8 2iC . z a . c  
~ ~ 

. . ~. ; " ; -  " , .Ihc,:, .  . . 

iOMMON PLATE-LOAG AL'DIO M X E R  

APPLICATION. -. . - 2 - - - 7 , p - -  L," >..: . >., . '..- ."."'..A +""-"-' 'U..' ."A" -1 .--.: ." ..a=- 5" 

combine two (or -.ore) inout oudlo s l ~ n a l s  ii" 3m3lliv1ng the 
slynais 3nd c3m0inir.y tkem :n 3 c3nm3n 10-3 :~?eiin:e. 
The mrer circuit is denerdiy . ~ s e i  in w t l i c - x l r e s  ,!11 
s?un+-?inti?tutizr syz!=:s !3 >!2v:!i. !zr t?e C:~.I~S! 7:: 

:i!~c,j I! swero! !np,>r c2mn-is. 

CHARACTERISTICS. 
Operotes Class A 'wth cathode ilas.  
o m t i n e s  two individual Input siqnds; each input slgnal 

i s  omplilied, inverted, ond conbined in 3 common plnte- 
1303 impedone witn relolively lo* distortion. 

, -, - "" tian,, drcdits con k connected ~n p r d l e l  to pro- 
vide lor odditlono1 lnout char.nels. 

CIRCUIT ANALYSIS. 
t -nard .  The common plate-load audio mixer combines 

f"o input s~qnols. The circuit 1s fundomentoily t ~ o  ;lass 
A audio ;implifiers i n  parallel ~ i t n  J ca.n:non piote-!on3 
:es:stonce. Tae ?oilsiw,4 dlilnll 5 i j m i  11 t3iEn t r i m  
Zcrass the p i o t e ~ w d  resistonce. itore thiln t r o  inpdt 
%!.:"-I< ^"" i,r. - ! y e *  ::, I.. ..,n.. M ^ h  ii-,".ll tr " ;o-.,mf- r., . . . , . . . . . . > . . . . . . . . . . . . . . 
cmplliler ruW; each tube i n  turn, operates into tne connon 
;!jte-loal ieslstzcce. 

Circuit O~srat ion.  The accomoonvino circuit schematic . . ~  
,li,,<,,q,vmc ,,,m,.;e40 - i ~ ? , - - "  ,,,hmc < "  . "*,"mm* " ' - , ~ >  
~ " ..... 
Iwd oudio mixer circuit. Electron tubes Vl and V2 ore 
identical-type triode tubes; although two separate triodes 
3re shc:~.?, 3 l:llin-!r1o3~ i s  commonly ;se3 1:: 1 h . l ~  circ;~: 
Potentiometer (vaiiabie resistors) Rl  and Ri ore the grid 
resistors for Vi and V2, :espectively, Also, Rl and RI  
".e ". use?, 1" , ~ e . , , . , , , ~ , e  2 oreomdlfier, iwstol oickuo, or . . . . .  
other h,i~h-inpedz-~,i;e siifi;l source, j n i  ;on;rjl the 
01 simal opolied to each arid of the mixer circuit. Resistor . .. 
33  i s  the common cathode-oizs resistor for Vl and V2; capo- 
?Itor i l  i s  the cathode bypass copocitor. desistor 1 4  is 
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values of 3 1  and 1 2  are usu~lly n3de sufficiently i l ? b ,  to 
oct os o laod or terminotln-r impedmce for o preamplll~er 
staae, a crvstoi pickup, or a hiqh-impedance, hiqh-output . ~ . ~ . ~ 

minophone. If the slynal source i s  o low impedance, an 
input motchinq transformer is required to obtsin impedance 
tronsformotion from the law-impedance source to the relo- 
lively hiyh-impedance input of the nixer circuit. 

The operation of each tube in the common piate-lwd 
oudlo mixer i s  similgr to the operollon of the 3-C coupled 
trlode voltolje gmplifler, desnibed in Section 5, for injivl- 
dual input siqnals. Far example, zssume o condition Nhere 
an audio signol is npplied to Input No. I but no s i ~ n z l  is 
oppliedta Input No. 2. In this instonce, ossumlnj that 
potentiometer 31 1s odjusted for o suitnble Input level to 
the arid of VI. the output sianal develooed across the 
plate-lod resista.  R4,  1s 180 degrees out of phase with 
the input siqnal andis areprduction of the Input siqnal 
a s  it would he for ony 3-C  coupled valtzqe oaplifier. '{hen 
audio siynols ore clpplied to both inputs of the nixer circuit, 
the combined siynols oppear ncross the olote-load resistor, 
H4, and are coupled through copacltor ZL to the grid cir- 
cuit of the followinq oulio onplifier stsie.  If  the urld cir- 
cuit of the foflowinq staqe uses a ootentloaeter 2s the grid 
resistance (3-,  couplin?), then this patentso3etei functions 
a s  a master yoin control for the amplifier, since it controls 
the amplitude of the mixed oudio s i y n ~ l s  applied to the qrid 
of the following stoqe. 

The mixer circuit illustrated i s  very satisfactory for two 
input channels. It uses t*o tubes shorin!jo common p la te  
load resistor. ,?hen more thon two inputs 3re desired, as 
ior example three or four inputs, vorlaus circult combina- 
tions incorporating three or four tuhes moy be #used; however, 
there i s  o limitation to the numuer of tubes which cln share 
o common plotelood resistonce ,without s '~fferinj consider- 
able loss of yoin and introducing somedistortlon. Thereiore, 
common plate-load mixers are qmerolly limited to two or 
possibly three tubes. (.?here more input channels sre desired, 
modification of the tasic circuit is necessary to provide 3 

degree of plateload isolation.) Bnc? the p l ~ t e  resisvnces 
of the two tuoes (V1 md V2) ore in parallel, ezch lute 
works into a load impedonce ~ h i c h  is olways less than 
its own plote resistance. Under such conditions of opero- 
lion, the output volt~ye obtainable from the circuit is serious- 
ly limited. 

Since one tube aoerotes ints a lood consistinq of the 
other tube's plate resistance effectively in parallel wlth the 
load inpedonce (341, it is obvious that the gain of the two 
tubes as shown in the schematic w ~ l l  be less thon the gain 
of a single voitoye-amplifier t u k  because the lood impel- 
once for either t u k  is slways less thon i ts  own plote resis- 
ance (1,). Therefore, the gain of each tube will olwoys be 
less than one-holf the join obtoinej from a nornol v o l t ~ j e  
ompiifier. If the normal voltoqe amplifier is cmsidered to 
be a const~nt-voltage jmerator, os shohln in Dart A of the 
occompanyinq illustrotion, the 3-c componmt of p l ~ t e  cur- 
rent (i,) is: 

ORIGINAL 
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and the o-c component of output voltaye (e,) tho1 oppeors 
across the lood impedance. ZL, is: 

e, = i p Z ~  
3y substitution then: 

Simplified Amplifier Circuit 

It is apparent tho1 the output voltage (e,) of a normal 
voltage amplilier i s  not p times the applied signal (e,), 
becouse some voltaye i s  lost in the internal resistance (r,) 
of the tube and is not developed ncrass tne load impedance, 
ZL: In part B of the illustration, the plate resistonce (r,) 
of o second lute 1s shown 11 poiallel ,.uitn the load impe3- 
ance, os nolrld be the case isr 3 two-tute mixer clrcuit. 
Che 1333 i-npdonce far h i s  condltlon can nrw be expressed 
as: 

where: Zr  = lwd impedonce 
r,z z plote resistance of second tube 

Houever, since identical tubes ('11 ond ' 7 2 )  "re use1 in the 
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mixer circult, the plote resistance of e ~ c h  tube con be 
considered to be equal to that of the other; therefore, 1,2 
i s  equal to r,. The a-c component of output voltaye (e,) 
for the two-tuk mixer cm now he expressed os: 

Substituting 'L - for ZL: 

- P a  ZI. rn . 
r,' + 2;.:rP 

From this expression it con be seen that, lor two triodes 
in piiuliel. tile output -iolioyr je,) will oIwoys Le lrsn iiiuri 
one-half that otta~ned with a normal voltoje amplifier. 
Similarly, fa a three-tube mixer the goin will be less than 
one-third the gain obtained from o normal voltage ompllfier; 
lor o four-tube mixer it will beless than one-fourth. 

Improved performance can k obtained by usinrj pentode 
instead of triode tubes. The occompwtyinq sircoil schemotlc 
!!!ustrotes two pe!11.de e!ectrcn tubes in. o co-msn p!n!e 
lood audio mix= circuit. Electron tubes V l  and V2 are 
identicol-type, sh3rpcutoff pentodes. The circuit is 
fundamentally the some as that previously described lor 
triode tubes except for the odditlon oi the screen-dropping 
resistor, R5, an! the screen bypass copocitor. C3. The 
Lirzull aperation is tne sd:nc lii r rmi  jessriiei  for tne trio& 
mixer circuit. 

Nhen pntodes are used in the common piate-iood mixer 
circ*it, loss of j31n ,Ju= pU kLY ijl.l::t:::j Ui !be j w j  
!-%?.rice by t h e [  !ihes is sl!ln: sn?, f i r  a!! ;r3cticn! 
7,1,,s;s. 3 j i  ix rel;lec:e2. TLe ;!;te :esis:;%ce a: 
penrode cs a resismnce-coupled amplifier i s  extremely high 
z3?;.2i~? !C !'-,3: 31 '2 :I:o~c, zc L~z: ZC::!~. :;.e ?ill j::r. :i 
me penrode con ae reclized in mis slrcuir. 

FAILURE ANALYSIS. 
iio Outpvv. Tne common pioreloud ou&o mlxer clrcur 

is slmila In mony respecti to G resistance-coupled voltage 
ampiiiier circuir insofar as iaiiuies are concern&. Fzriure 
01 the plate-voltnye supply will disrupt aperatlm ol the 
circuit, a s  will on open circuit in the catb:~de. :/iti! :uiies 

,. , . , """ ." -- ..-"- .*" ,.,. .*- .., ----. --. ..,. u.... ." "L ""- ... O.,...L ".,. ... L L..b ".~: U , ~ .  ~ .,,,,,,,. ~ ,,,,, ~ 
. . -,".- .,",." ,,-- ~.h-,,," .",--"",,.-A "" ,.,",, "" ,h" A." v.".- ."..""*" u..-u.- - ..,b4"".b", -4 ...~. "4 ",L ,. . 

MIXED 
OUTPUT 

INPUT 
N0. I  

Pentodes Using Common Plate-Lood 

voltaye developed ocross the cotnode resrstance, to deter- 
mine whether the opplied vol t~yss  are within tolerance and 
whether the plate imd resistor (114) or cathode resistor 
( 3 3 )  1s upen. Ezch input should be cnec~ed witn an oscii- 
ioscope to determine whether signals are applied to the 
input 01 the circuit ond whether they ore of the groper 
mpiitude. An open output coupling copacitor (2) will 
prevent signals from reaching the staye followinq the mixer. 

If  the mixer circuit uses pentode t u k s ,  the volbqe 
ooolied to the screen yid  should be measured, to determine 
wbetne: it :s aithin :o!crz,ncc and whether :he scrccn ty;;~; 
copocitor (C3) is shorted. A shorted screen bypass cspo- 
citor will'remove screen voltage from the tubes and moy cause 
the screen-dropping resistor, 85, to burn out. #hen normal 
output is obtained from one channel but not from the other, 
the input to the foulty channel should k checked witn on 
~scliloscope to determine whetner the trouble is aue to 3n 
open input potentiometer (Rl or 22 )  or failure of the input- 
signal source. 

Lox  or Di.tor1.d OYI~VI. The oppli~d plate vol lqe  
sh3-!! LC IEUSU:~? Is ?ete:-ilii.c shet'.e; i: is &:>,is - , ,  !:!::::.2e. ,A:& t:.c ddtb": C"J~L::< :cpXit"r, ::, sb,~":: 

I 
be checked to determine ihether it 1s leaking; ie~korje of .. ...... . b";rcc;:G: -. *.:: ';,; :ice z>i.:;*l >:d:i i i i ! i ~ j ~  >ill; j i ~ i  ..il i 

voltaje-dlvloer oction to jitect me ooemtlon oi tne 10iio~ing 
..la&. Tb,~s, l! t:.c MC;! ~L;LA:Z: s! tnc follu.+~n 4 sta ie ;S  

:etwned !I pound, !be i.a!:nge 2: t!.e p!utes :! V! :n! i? 
wiii ue reducw, ono the operation 01 me toiiowlnq stjqe 
wrll Le upset by tne chonye i n  voltage applied to its q id .  
An open cathode bypass capocitor i i  ~ i i !  cause the mixer 
circuit t o t e  degenerative, and *ill ofso result in "cross- 
biasing" 31 tnr t u k s  so that the s a g e  j a n  *ill k n r v ~ r ~ l y  
a ....-.. > . - L ~ - . ~ >  . .,, ,. , ,  , , - .,,r,, ,l!, ~,.,c iilp2>> linU,.l?L'! ,"??I :rs.1:: 
i?, z is55 z:  Liz5 ii5rar:;hfi :>,e >,,Tr",T - 8  I , ~ ,  ,:. ~;*- 

ORIGINAL 
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pending upan the confiyuration of the preceding st2 je (for 
example, a preamplifier stnge, R C  coupled), it is possible 
tho1 o 4-c voltage may be sppliel to the mput ptentiorneter 
(R1 or 132) kcause  of ci leoky or shorted couplinj ~3r)ocltor. 
In this cose, o d-c voltaye which is depenlent upon the 
setting of the potentiometer eii l  be ooplled to the grid. 2nd 
the tuire bias will ire affected. 

In the pentode audio mixer circuit, a leoky screen i y ~ a s s  
capacitor (C3) or an increase in the value of the screen- 
droppiny resistor (35) will cause reduced yilin because 
of the decreased screen voltaye, while an open screen Lyposs 
,will cause reduced goin because of deyenerstion *,thin the 
staye. 

SEPARATE PLATE-LOAD AUDIO MIXER. 

APPLICATION. 
The separate plote-lwd oudio mixer circuit is me? to 

combine two (or more) input audio signals by amplifying 
the siynals ond combining them ot the common input of a 
followiny staye. The mixer circuit is commonly used in 
public-address and sound distribution systems to provide 
for the control on4 mixing of several input channels. 

CHARACTERISTICS. 
Operates Class A with cothode bios. 
Combines two individual input signals; eoch input s i j -  

no1 is amplified, inverted, and led throuqh an isolation 
resistance to the common input of a following stage. 

Additional circuits can ire connected in pnrollel to pro- 
vide for additional input channels. 

CIRCUIT ANALYSIS. 
G.n.r.1. ?he separate plateload audio mixer circuit 

combines two input signals. The circuit is fundoment3lly 
two separate Class A audio amplifiers with each output 
fed through an isolation resistor to a common input imped- 
once of the lollowinu staue. 'dore than trro input slunols . . 
con be mixed by applying each additions1 sltjnal to n separ- 
ate amplifier which nos its own plate-load resistance, ond 
feedin; the amplifier output t h r ~ ; ~ h  on isolation reslstsnce 
to a cooimon input impedance of the followinq stoqe. 

Circuit Op.ratlon. The accompanying circuit schematic 
illustrates 1x0 triode electron t u k s  in 3 separote plste- 
Iwd audio mixer circuit. 2lectron t u k s  V1 and V2 are 
identical-type triode tubes; two separate triodes are shown, 
but a twin-triode i s  commonly used in this circuit. Poten- 
tiometers (vorioble resistors) HI ond 32 ore the ,,rid resistors 
for Vl and V2, respectively. Also. Rl and 32 ore used to 
terminate a preamplifier, crystol pickup, or other high- 
impedonce siynal source, and control the level of sign01 
applied to each yrid of the mixer circuit. Hesistor 1 3  is the 
common cathodebios resistor for V1 and V2: capacitor i l  
i s  the cothode bypass capacitor. Resistors 4 and 15 are 
the plate-load resistors for V2 and Vl, respectively; re- 
sistors R6 and 1 7  are the output-isolation resistors. C.3~3- 

citor C2 i s  the output coupling capacitor. 
In this mixer circuit, the two input circuits ore isolated 

from one onother, so thot the sellinyof one control (31  or 
82) will hove no effect upon the other. The two jnputs 
each have o relatively high irnpedonce: potentiometers 3 1  

INPUT 

INPUT R 4  R 5  
N0.2 

Separate Plate-Load Audio Mixer 

and R2 yenerolly range in value from %OK to sever01 me<,- 
ohms. In proctice, no great otternpt i s  mode to ochieve on 
exact match of impedances at the input t~ the mixer clrcuit. 
However, the vslaes of 31 cnd 32 are usually -ode suf- 
ficiently high to oct as o load or terminztinj i~pedance for 
a preamplifier stoye, s crystal pickup, ?r a hiqh-impedance. 
hiyh-out?ut microphone. If the siynol source is o lcw impd- 
once, on input match~ny transformer is relu~red to obt2in 
1mpdor.ce transformation fro3 the Io#-impe4ance source 
to the relolively hign-lnpcl~ncz input of the mixer circuit. 

The oper2tion of eoch tube in the seozrste plnte-load 
audio mixer is similar to the operollon of the i-J coupled 
triode voitnge smpllfler, iescrloed in Sectlan 6. :Inen 
audio s~gnols ore applied to both inputs of the mixer circuir, 
tne ind~vlduol 3mplifieJ signgls 3ppes  gcrcs; the respec- 
tive pl3ts-lmd reslc!::~. 35  nnd 14.  The in?lvl?ul sig- 
nals 3re then a~pl ied throuqh the series lsolotian resistsrs 
(36 and 97) to the output cou3ling c s p z c ~ t ~ r ,  -2. .vhich 
couples the combined signals to the vqid circuit of the fol- 
lo#ing 3udio ornplifler st3qe. If the !rd clrcuit of the lot- 
ter stzqe uses o potentiometer 3s the grid resistmce, then 
this potentiometer functions as o rnoster g3in controlfor the 
amplifier, since lt controls the ornplltade 31 the mlxed 3udio 
siqnals applied to the amplifier qri3. 

The mixer circuit illustrated i s  very satisfactory 131 
two input channels. When morethan two inputs are desired, 
a s  for example three or lour inputs, on addit~onal tube is 
connected to the circuit for eoch additonal input desired, 
and its individual plate lwd resistance is coipled to the 
common output circuit by means of an isoiotlon resistor to 
provide o degee of isolation between smpliiier tubes. 'Thus, 
some of the inherent dlsadvantoges of the basic comma: 
piateload audio mixer ore overcame. Re ~salation resistors 
(R6 ond 87) ore usually t.*o to f ~ v e  times the voiue 01 the 
individual plote-lmd resistors (H4 and H5). A s  a result, 
eoch tube in the muter circuit works into a complex iwd 
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impedance which oppmches a nwmal imd lor o voltage 
amplifier stage; therefore, distortion due to nonlinearity is 
considerably reduced. Although the normol stage qoin i s  
obtained when the tube works into o namal imd, the out- 
put signal voltage available at the input 01 the followiny 
stage isconsiderably reduced because of theloss introduced 
by the signol-voltage drop across the isolation resistor. How- 
ever, the net result is that the higher output voltage fram the 
mixer is available ot the i n ~ u t  of the followinu staae for a - .  
yiven percentage of distortion, c s  compared ta the output 
voltoye obtainoble from other triode mixer circuits, such os 
the common platclwd audio mixer. 

The voltoye delivered to the input at the following 
stage by the mixer is always less thon one hail thot 
ohtainoble with a normol voltai~e amplifier. I n  t h p  nrmm-  

*nyiny ;:;usIratii*, the uonhpirx iwd inl~edance inro 
which m e  tube works is simplified to show the ampiified- 
s~gnol  voltoge division and the resulting usefui siqnai out- 
put avoiioble ocross the lood impednnm, Z:,, cnrr~spndinq 
lo the input of the succeeding staye. Since bath tubes 

~ ~ 

[ V l  ond VZ) employed in the mixer ore identical-typ tubes, 
the plate resistances (r,) con be considered to be equol. 
Also, the isolating resistors (R.) are eqml to each other. 

Sinpli1i.d Mixer Cirruil 

J,<: tile >;atei"*j f=51>pJ(s (SL) y< WL.3 0;ner. 
The 0% component 01 output voltoge (e,) for the mixer us- 
ing ;solotion resistors, expressed as o voltoge reiotion- 
ship, is a s  follows: 

e, z e l  - ek. 
whe:e: r ; = .;c!tc;.e deue!o;ed ccr:55 H, 

e ~ .  - ~"sitcge ee~veiefid zcru55 ,~"l"t,,,< ,e>,>tu, 
- ., 
.a 
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Since the resistance of R, is qeater than the imped- 
once. ZT, a qreater siqnal voltoye appears across R. than 
across ZT. Therefore, the output voltoge (e,) developed 
ocross ZL must a l w ~ y s  be less tho" the voltage developed 
across the isolating resistor; R,; and less thon one-hnlf 
the voltage obtainable from a normal voltage omplifier. Ue- 
pendinq upon the value of the imd impedance. Zr . the out- 
p,~! vo!toqr (e,! m,,; be cs IO*I oc onetbjrd !he -?a!mqe 
obtainable from a normal voltaqe amplifier. 

Pentodes can be used to odvontoge in this circuit be- 
cause the piote resistance of a penlode is extremely hiyh 
compared to that of o triode. The value of the isolation 
resistoi need only be several ames the value of the plate- 
lood resistor and, since nearly the iuil gain capability of 
;he r~" fP .4~ mn ip rr="!!zd, the nil!""!!?!!oy ",?il"h!E "! 

the lorn lmpedonce wlll be greater thon me-hail the output 
, .,l.iqe ~btoine? from o norrnoi amplifier. 

FA!LL!RE AI(ALYS!I. 
No Outout. The sewrote  latel load audio mixer cir- 

cuit is similar in many respects to a resistancecoupled 
v o l t s ~ e  amplifier clrcuit ifisofar os failures ore mncerned 
~a i lu ;e  of ;he plate~voitaye supply will disrupt operation 
of the c~rcuit ,  os will M open c~rcuit in the cathode. With 
Utes  known t o t e  good installed in the circuiL the filament 
orid plate ~0110ges should be measured, a s  weii a s  the d c  
voltage developed onoss the cathode resistance, to deter- 
mine whether the applied voltages are within tolerance and 
whether the individual plate-load resistas (H4 and H51 or 
cathode resistor (R3) i s  open. Each input should be check- 
ed with on oscilloscope to determine whether siynols me 
applied to the input 01 the circuit. An open output coupling 
z o p c i t n  (C2) wii! prevent signals fram reochicy the 
stcge Lollowing the mlxer. 

If the mixer circuit uses pentode tubes, the voltoge 
opplied to each screen grid should be measured, to deter- 
zine whether it is wi!hiz to!c:ar.ce m.6 ,whether the screer. 
bypass copocltor 1s snorted. A shorted screen bypass 
sapcitor will remove screen volioye from the tubes and may 
cause the screendroppinq resistor to burn out. 

When normol output is obtoined from one chonnel but 
not from the other: the input to the foully chonnel should 
be checked with sr. oscilioscope to determine whether the 
trouble is due to an open lnput potentiometer (HI or H2) 
or failure of the input-signol source. 

Le- er D!st=r?rd Qe?ps?. ?he applied plo!e uo!tcse 
snn>iid w meas?lrel tn6e te r~ lne  whelner lt !s wlt?in tol- 
eronce. Aiso ir,e output couplino camcitor, if. snouia te 

. . .  
Aiviaer iornprisea 01 mtn isoiatinq resistors (nb and H i 1  

e!fectiveiy i n  painllel, nnd th!s cambinotioi. is i n  series with 
r e  :c:~t res1st2r 31 !re io!!-.wir; stsge. ! h s ,  the e:-j:t- 
aqe 0: me plntes 01 ',<I and V 2  i i i i  k reaucea somewhat, 
and the operation of the loilawinq stage wiii be upset by 
the positive voltoqe o~oi led to its grid. An open cathode 
iiypass capcitor CI will cause the circuit to be degenera- 
tiie, and *,I1 olso ies,,lt i n  "aoss-biasing" oi the tubes 

ORIGINAL 
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so that the stage gain will M decreased. A shorted cathode 
bypass capcitor will result in a loss of bias and distortion 
of the outwt sianai. Ueteadinu umn the confiuwatian of -~ ~~~~ ~ ~ 2 < .  

the preceding stoge (for ex~mple, a pwmpiii~er stoge, 
R-C cou~ledl ,  it is wssible tho1 a wsitive d c  voltaqe may 

~ ~ 

be applied t i t h e  input potentiometer (R1 or HZ1 because 
of a leaky or shorted coupling capxitor. in this case, a 
positive d c  voltoge, the omounr of which i s  determined by 
the setting of the potentiometer, will be applied to the y id  
and affect the bias. 

If plate-lwd resistor R4 (or RS) should open, the plate 
voltage applied to V2 (or V l )  wlll be considerably below 
normal, since the plate voitoge will k applled to the tube 
through toth isoloting reslstois in series with the plate- 
Imd resistor, R5 (or R41 of the other tube. V1 (or V2i. 
As a result, the signol output from the tube with the plate 
voltoge below normal will be extremely low. 

If the mixer circuit uses pentode tubes, o leaky screen 
bypass capacitor or on increase in the value of the screen- 
dropping resistor will cause reduced yoin because of the 
decreased screen voltage, while an open screen bypass will 
cause reduced goin k a u s e  of degeneration within the stoge 

VIDEO MIXERS. 
Video mixing is defined a s  the combining of two or more 

video signals. The video signols to be combined consist of 
vorious forms of pulse information and may include any 
numter of the following: radar video, bacon  video, range 
markers, range strobe, azimuth markers, IFF video, blonk- 
ing gates or pulses, and other special forms of informatian. 

The term video mixer should not be confused with the 
term mixer used to designate the circuit tho1 heterodynes 
the r-f and locol-oscillator signals in o superheterodyne 
receiver. Video nnxers ore considered os "oddiny" cir- 
cuits and perform algebraic addition of pulse information; 
the pulses can be of either polorlty and need not be in coin- 
cidence. In certain applications, video mixers ore designed 
to combine signals of o given polarity only. Alsq in many 
radar applications, video mixers ore designed to combine 
timecoincidence pulses in o nonodditive monner; oper- 
ation in this manner prevents excessive output amplitude 
and possible overiwdiny in subsequent video amplifier 
stages, ond thus prevents "blooming" of the indicator 
display. 

The majority of electron-tube video mixing circuits ~. 
presently in use are vmiations oi two basic types: the 
commonsathode video mixer and the common-plate video 
mixer. Most video mixer requirements con be met by one 
or the other of these two circuits. The commoncathode 
video mixer does not invert the signal but acts in a manner 
similar to the cathode follower, whereas the common-plate 
video mixer does invert the signal. The common-cathode 
video mixer i s  degenerative, and the omplitude of the 
combined output of the two input signals in coincidence is 
less than that of the loryei input signal. The common-plate 
video mixer normolly has some yoin; os o resuit the 
amplitude of the combined output of the two input signals In 
coincidence i s  qeneroily greater than the larger of the two 
input signals. Therefore, ii the ompilftude of the combined 
output signol from the common-plate mixer is excessive for 
the application, modifications to the basic circult ore nec- 
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essary to reduce the oddiny effect. Otherwise, the output 
is likely to overlmd subsequent video amplifier stoyes 
when coincident signals are opplied to the input. 

A video mixer i s  normally required to handle puise 
information hoving pulse widths of 0.5 to 5W microseconds 
and pulse reptition cotes of 200 to 2000 pulses per second. 
Commonsathode video mixers are capable of handling very 
fast rise-time pulses k a u s e  of the cathode-foliower 
action of the circuit. Common-plate video mixers are 
purposely designed with high frequency compensation, to 
enable them to handle the rise time of the input video 
pulses. 

COMMON-CATHODE VIDEO MIXER. 

APPLICATION. 
' h e  commoncothode video mixer circuit i s  used to mm- 

bine two (or more) input video or pulse signols. Depending 
upon the circuit configuration, when input signals are in 
timecoincidence the output signal con be a limitedampli- 
tude combination of the input silylals or a nonodditive 
output signal which i s  representative of the larger input 
signal only. 

CHARACTERISTICS. 
Input signals are of positive polarity; output signal i s  

of positive plarity. Negative input silylals con be com- 
bined (hy the basic mixer circuit) only at very low levels. 

G i n  of video mixer (as a cathode follower) i s  approxi. . . 
motely 0.75. 

Degenerative circuit (cathode follower) provides limited- 
amplitude additive mixing of timecoincident signal pulses 
becouse of mmmoncathode biasing arrangement. Modifi- 
cation of basic circuit to include fixed bias nmr cutoff 
provides nonodditive mixing of timecoincident s i p a l  
pulses. 

When more than two input signols are to be combined, 
additional commoncathode videomixer circuits may be 
connected in parallel with little change in operating 
chorocteristics. 

Output impedance i s  relatively low. 

CIRCUIT ANALYSIS. 
Con.r.1. The basic commoncothode video mixer com- 

bines two positive video signals. The circuit i s  funda- 
mentally two cathode followers in parallel with a common 
cathode resistance. The output polarity i s  positive, and 
the combined signal i s  taken from across the cathode re- 
sistance. Any number of wsitive input simals can be 
mixed by appiying each sLqal to a siporace cathode fol- 
lower; each cathode follower, in turn, operates into the 
common cothode resistance. Whether or not any addition 
of simals occurs in the output depends uwn the biasins 
of th; cathode-follower stages. 

Circui t  O p ~ ~ t i o n .  The accompanying circwt sche- 
matic illustrates two triode electron tubes in a common- 
cathode video mixer circuit. Electron tubes V1  and V 2  are 
identical-type triode tubes; although the accompanying 
schematic illustrates two seporate triodes, a twin-triode 
i s  commonly used in this circuit. Capacitor C1 couples 
one input signal to the q i d  of Vl: capacitor C2 couples 
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the other input signal to the grid of V2. Resistors R1 and 
R 2  are the grid resistors for V1 and V2, respectively. Re- 
sistor R3 i s  the cammon cothcde-bias resistor for Vl and 

Basic  ComnonSathods Video Mixer C i r c v i i  

V2, ond it i s  olso the cathode load resistonce for the videc- 
mixer circuit across which the combined, or mixed, pulse 
output signal apperus. The plate of each tube is tied di- 
recrl" ro the supply voiior!~, +Fib. T ~ P  1-i~ionrr of cnm- 

ponent volues in this circuit i s  not critical, and ICkpercert- 
tn!crance parts ore normally wed. 

When voltage i s  first applied to the ciicdit, h e  grids 
(of V1 m a  V2) ore at zero bios, and the comblned plate 
current of both tubes posses thrwgh cammon-cathode re- 
sistor P3 to quick% cs!ab!ish tie zo-siqr.d, or quiesccn!, 
blos. Tne eiectron rubes, Vi and 'ii, are assumed to be 
identical-type tubes, or a single-envelope t*in-triode with 
identical characteristics: however, o small untnlonce in 
tube characteristics will not greatly affect the circuit oper- 
ation. 

The operotion c f  each, Pabe L? h e  cmxcn-ca!t.ode 
video mixer circuit is similar to the operation of the cathode 
follower, described in Section 6, when the input signals 
ere a*! Ln t imero inc id~nr~ .  Fmi emmmp!.?, nssume n con- 
rlitlcn anere o pos!r!ve p7~k.e is nppi1~6 m iie input d '<! 
bur no siqnai is applled ro h e  lnput ai L'i. iii ims m- 
sraxe, 0s the lnput signal to < I  mcreo5e5 in  o paslclvr 
direction, the plate current of Vi increases, cousmq m r.- 
crffisea voitage arop ocrass comoae-loo0 ieslstor n ~ .  Hs 
the input sirpal to V1 folls, the plate current decreases to 
:!s ioimer vaiue, cousin; 3 ~ C C C C S C  ir f ~ e  ~cjl:ge &c; 
-cross corhooe-loo; r e s ~ t o i  .FJ. Tnus, the oucpnt-siynol 
voitoge developed ocross the cathode-load resistor is a 
reproduction of the orioinal inmt siqnal applied ta the 
 id of V1. Furthermore, smce the inpct siqnol pinrlsces 
c change in the cathode bias, this bios vo!:r;ge is in phase 

..k .k ci,. ..,e ixput si,?.al ;n: :herefore ;e:u;es the c,, ; i i :Ydi 
r,i li~r grid-io-cu~tardr vuiiugr ul ' < I _  pruuLlclr8: da2rrlnu- . ~- .! .L- ~ .- . . A . .  ! , . ~ . L . . .  ' . , ,~  . . ~~ . - 8  ..",, -. u.i y y . p y ,  .",i"y.. \-"" lll.. -." ..llll.l ,"... ... ". 
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ways less than one.) Note that a s  the plate current of V1 
increases with signal the voltage developed oaoss  cathode- 
load resistor R3 alsa increases, md that this instmtm- 
eous voltage, ir, turn, chmges the no-signal bias for the 

-' '12. n u s ,  h e  i n s ! ~ t ~ f f i u s  valtnge increase 3.." ". 
developed across R3 by the signol applied to V1 effect~ve- 
Iy d~rpnses  the p l ~ t ~  mrienf "f V2 mri ~ ~ s x r l r s  in n rip- 

"."""A :" &.. -,-,- ,".-.-. -' ,,? .L L .LA " ----- 
b1FY.X. lil Y i i  Y L Y L L  L U L I C I I I  Y L  16 ",,"",,I, Y I C  LYllllll"ii 

cothode-load resistor, R3. The net result i s  a decrease in 
the simal current throuoh the cathode-load reslstor be- 
cause-of the cathcde-foilower action of Vl and the deqen. 
erative acuoc of V2. Therefore, the autput-siwcl ampll- 
+ . . A  .,"e i-.- .,. ,r,e input s i q o l  is alaoys less L5on me origmal 

i~put-signal umplitude. 
n. .--... !.- - 1 . L .  ..--.- --. L - J .  L . ~  .',' "~L.U.'"II ". I"I ,,,,, Y I I ~ . Y L I I " Y C  V i Y F "  i l l l*Ci n,,r,, 

two input s imals  or. in timecaincidence produces some 
oddng oi signois to give a comblned output which is ol- 
ways less than the amplitude of the larger of the two 
coifiadeiit iaput s,qnais fi-,.j q r o i k i  tk~m t ~ e  outpui s~gno: 
tho1 results whrn only one input sicpoi i s  present. ' h e  
limited addition of time-co~ncident positive input signals 
results from the use of a common cathode-lood resistonce 
which causes "cross-biosing" of the two tubes. The 
extent of signai adding is primarily o function of Lhe volce 
of the cathode reslstor. E3, md the level oi the input 
siqnais. *here the vniue of the cathode resistor is such 
tho1 the gain of eoch stage is considerably less than unity 
(relatively small volue cathode resistor), the biasing action 
i s  not complete and some addition of signals will olwoys 
occur. Whm the na-signal blos is larqe (relative loiqe 
.,"I,,* ,-",k.40 "-- .ee<*.m.! -,;; k,.* .,", .."* ,,<,. -..“<?;c! .," ..,-. ." ." \ "  -","-te.e!.. ,,,v. , ., 
cut off the plote current, the gain of the cathode follower 
i s  less fcr sxa!: pcsi:ivc s i ,~ ,a :s  &.an for the larger pasi- 
tive sirpcls. ?his effect i s  caused by nonlinearity in the 
goin characteristic at low input ievels. Also, the gain i s  
reduced, resulting in the odditicn of the input signals. 
S,ZC? S-Z? 022,:;.,* d f , ~ ~ ,  71n k," f,-,ler,,t*l. hL!i,,l , : ,~l ,~f!  

ot plate current tor eoch tube 1s not necessay, and grid 
bias is nonolly obtained by cothode-res~stor acuon only. 

If the output of the commonrathode video mixer is 
required to operote lnto c low-impedance coaxial cable 
which is terminated :n o !3w :mpdmcn, !he effecti.,? 
volue of t ie  cathode-load resistar.ce is oiso o low value. 
Men this 1s the cose, the gain ai the mixer 1s decreased 
h~rnluse of tbe lower output impedance: therefore, less 
cross-biasir.; is podaced by -incident siqnn!s ap-,cwinq 
3! >be ~3tkad?!,?si! :cs:r!occe. . . 

1! tne mrer :s !,!2se.l tc c'~tg!!, :! c?x:?>ni.s cn:n,chl~nt 
:-jut slgrals o: Iden!:c2l pulse wiilh {duty cycle) ir: such 
o manner that only the input wlth the largest amplitude 
r:oamrs 31 th? O U ~ F U ~ .  this manner at awratlnn is called 
nonoddltlvs miring, ond is described later as o rnoiificc- . - -  ..".. :; *.c bzs;: ii,;xs; ilii~i:. 

.- 
itlr !oiiow11111 labuiot~m compres l he  pertarmmce of 

3 typic~l  co- imoncs~ode video x x e r  c i r c ~ t  for three 
vaiues of cathnde-inod reststmcp; 47nfl. 47n, rmri 150 o h m +  

Two i-put si .q~als of iiffeient paise widths were ased to 
ubtlun the jut0 q1vm. Loch lnd~vldual input lwei  was 
ud!ustril io prov i~! r  tile uutpul vnituijr i y v m  in t ip tnbir, 
nnii ib r r " ~  ~npi!r s t ~ n i s  were " ~ p l ? c n  c!m~~i!cn-~sly !c 
'"I" 1C"p"""C '.1W. '" YULW" UI..t---UYI-I"CliL >iiJIIUlb. 
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The effect in each case was to cbtoin a combined output 
which was greater thm the output obtained from either 
signal alone. 

Output Volte (far one input)  3.0 3.0 3.0 
Output Volts (two inputs in colncldencel 3.6 3.9 4.3 

~ n p v t  No. I (volts): 180+BeC puts* 4.1 4.9 8.0 
at 400 ppe 

lnpvt NO. 2 (wltsl: 10-psec pulse  4.0 4.9 6.0 

ot 400 ppa 

'1 TYPE 5 W O T U 8 E  

IS Ebb '150 VOLTS 

2 4 6 8 10 12 14 I6 18 20 22 24 

PULSE INPUT IVOLTSI 

10 WSEC PULSES AT e00  P P S  

Gain Cbarachrirtic of Connon-Cathode Mix., 

The accompmying graph illustrates the gnin charocter- 
istic and linmity of a single cathode-follower stoge in a 
typicnl mmmon<athode video mixer circuit for three values 
of cathode-lwd resistance. Note thot the laraest value of 
cathode-load resisistance offers the largest gain and pm- 
vides the greatest range of linearity: whereas, the smal- 
lest value of cathode-load resistance provides less gain 
and p o r  linwrity. Furthermore, the odditire foster for 
timecoincident input signals will increase for the lower 
values of cothadeiood resistance because the stoge gain 
decreases; as a result, less cross-biasing i s  produced by 
the combined ou t~u t  siqnols developed at the common 
cothode-load resistor. 

As previously stated, the output of the commmcothode 
video mixer for signals in time mincidence i s  always less 
thm the amplitude of the largest input signal and greater 
thm the outwt obtained from either inwt  sianal alone. An 
indication of the amount of oddition of two signals in time 
coincldmce i s  given by the oddltlv. fastor. The additive 
factor (in percent) !E expressed as. 

ORIGINAL 

MIXERS 

EH - EH 
Additive factor = 100 

,where E n  = resultant (mr.bined) output voltage for 
inputs in coincidence 

EH = output voltage for highest input level 
EL = Output voit~ge for lowest input level 

The effect of the volue of mthode-load resistance (R3) 
upon the combined output pulse omplitude and the odditive 
foctor con be seen by comparing the results obtmned when 
using different values of cothde-load resistance. In the 
first example, a 470hhm cathode-lwd resistor i s  used: 
in the second examole. a 15Cmhm cothode-load resistor . . 
i s  used. 

a. The value of cathode-load resistor for a video 
mixer i s  4700 ohms. Assume two positive input s~gna l s  
of 4.8 and 4.1 volts amplitude a d  correspndiny output 
signals of 3.6 and 3.0 volts amplitude. When the input 
signals ore in coincidence, the mmsured output-signal 
amplitude i s  4.2 volts. Using the formula given above to 
determine the additive factor: 
Given: E n  =4.2 

EH = 3.6 
E L  = 3.0 

Therefore: 

Additive factor = 1~ 4.2 3.0 - 3.6 = -375 0.6 

= 20 percent 
b. The value oi cothode-load resistor for the video 

mixer i s  changed to 150 ohms. Again, assume two posi- 
tive input signals ol 4.8 and 4.1 volts amplitude and corre- 
sponding output signals of 2.0 and 1.8 volts omplltude. 
When the input signals are in coincidence, the measured 
output-signal amplitude i s  2.8 volts. Using the formula 
given above to determine the additive factor: 
Given: E R  '2.8 

E H  -2.0 
E L  = 1.8 

Therefore: 

Addiuve foctor = 100 2.8 - 2.0 = 100 && 
1.8 1.8 

z 44 percent 
In the two examples given above, when the cathode- 

load resistor i s  decreased in value, the goin i s  also de- 
creased; however, a s  the gain i s  decreased the additive 
factor increases. Conversely, as the cathodelnod resistor 
i s  increased in value, the gain approaches unity; however, 
a s  the gain i s  increased, the additive foctor decreases. 

The accompanying waveforms illustrate the signal- 
combining chorocteristics of o typical h s l c  common- 
cothode video mixer for four different signal-input condi- 
tions. In part A of the illustration, a 4-volt positive input 
pulse i s  applied to one input only, and the resulting output 
i s  a 3-volt signal. In pan 8, a 4-volt input pulse i s  applied 
to each input, and the resulting output i s  a 3.6-volt signal. 
'!his output signal results from the additive mixing effect 
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whm two input signals of equd amplitude and pulse w~dth 
combine to produce an output pulse whlcb: i s  greater tt.m 
the 3-volt output sign01 of part A (resulting from only one 
input s i q o l j  but which i s  less  than either input signoi. iq -... P 
PULL b, ~ W O  rquui-im~piiiude mpu: signals ai  unequal pulse 
width ore applied to the video s ixer  circuit. ?his wovefan 

< , I , ,  "*.",,.? .L,. -''..-. - 4  2 ,.... 1 -  .. .LA -:..:.. ..i"".iU.L" i..iii "A U Y L ,  %JILIC Yi i  " 1 s  ,,,.hYiy 

oction. i n  h i s  case, the odduve  mlxlng eiiect 1s rwaliy 

poses, upon termination of the short pulse, the output can 
be assumed to be the result of a slngle input signal. In 
port D, two equalamplitude Input stgno:s which ore not 
t imeco~nc~den t  combine to probuce a serles oi 3-volt out- 
put puises. Tnis condition IS representatwe oi tlme- 
delayed or random pulses (neither Input signal in coinci- 

, , & ~ i . j  ik,ricfu~r, CUL~I  b i l p l u  ~ I U U U L ~ ~  (XI uuipui 
voltage similar to that obtoined in part A with one input 
signd.  

In some radar appllcotians, especioily where the output 
pulse infom,ation i s  d i sp lqed  on a cathode-ray tube in&- 
rotor o s  video or range morks. it 1s des~roble to provide 
sini. fom, of limiting far timecoincident puises so  ;hut 
~ ! e  cutput vol!ge wiil be the i e s d t  of :he largest sl.gnal 

- 
O N E  INPUT S I G N A L  TWO INPUT SIGN4LS. 

TIME-COINCIDENT, EOUAt  
A M P L I T U D E  & N O  PULSE 

T h e o r e t i c a l  Signal-Combining i h o r o c i r r i x i i c s  a! 801ic  
C~,-c:-Ce!Lc?e Y i?r=  Y / rcr  

INPUT 
N O 1  

only. The process of combining twa s i gnds  so that only 
" 1 ..---. "k;. *. - .  L8,c I.tlqcl "A , c : ti >tq,c!- .a L >  ' -  prebm~t ;I; Gne ~ t p u t  ib 
called nonodditirs ~ltxing.  

ivioa'iilcorlon to t i e  boslc c o m ~ o n ~ n t . o d e  -1!?13 rn1KE.r .- . --L:-,, c :cz:dli!;.:r -2:::; :::::;:; :! i;;;::.; :ti :uCi;, 

V i  ilr.6 V?,  cpproximo:e!y tc plstcciii;ezt :dtofi. ?,is 1s 

ilcmmpLshed by rer;lrn;ng grid resistors F.; ma iii to o 
c-...-o ". "",-" ,.,,- ..n,,,.qe "?  .,,,.c.,n.a. * ,h. ----- -. . .-.. ""*, ... ".,..",..,. .,, ~,,, ,.. , .,,,,, - 
.'my,n'J ar,zL!t screw!:.. ?he::. A! ! i e  c ~ - m ~ r  -nt\r,:?- 
. . , ,  7 ii.;i t , >  , .. 2: ?, ,!,>, il !rl.l!i,,?:,, ;,?r,!. .,. r..,, I,, . ~ 

vo!tilge qui:? ci  rccr  cc'haoe-tolicwer s:nqe o p p ~ o c h c s  
.... ., - <;,--, .., , , . - . , : -z  .. , :,-; , T i <  i -ii~iii ?ii , r ! u  

~ ~ 

:! !:K! L::: ::.:! r::L:2 ::. !!.t :.:;.::.d:. :::!.-L :.:z-.: 
i i i c i r r r  .."ti:>dp i , iqc I ?  rrw?-- :: O rl(?.-I .,:" ;:in- Fly. 

:;ctlna. For examole, assume *at the iixea negatlvi. hios , 4 .  - 4 ,  . A  . .. I.. .. .I .. 
.."-I "" .I p".,"- I y".L1-'li. lll,",iil,li" ,.,, 
. ..., ",-. r:lte-c_rrem - ^,u.if: ;:I x:: tLbeE. if 1 n - i , t > x . c  ,<..re,- v"u ," - 
..I.. . r  ,~~ > r n ~  ~ 7 . -  . -  
pu,.c ,a. "ipL...,;.LLc,r 1" ";;I> A. "pplir: ;i ii:r q;i: "L ... 
v I ,  .ne r e s ~ i t m q  slynni opeonno  across cavlo3elood re- 
i c t3 :  33 v : ~ ' !  ~:o?uce  : ~ p r z x 1 m 3 ! c : ~  8.5 .ic!:i ; _ t p t ,  +:i!eT 
,. ,>7,7 , :>e, :  ,G< ,7d,~+>t:,2(:,2; (,:,27!L"jb; b :,>> >2 :!!; :; ,,/:. . ~ 

7. 

~ 7 - - ~  . . 
:,,,,, ( 3  ,;.> ,,,, i ,:; ".<< ,; .,?T! ~ C " C ~ S  "m"<3r::Pe C !  rh.e ,pp!!! .-..---.- 

ct 'if r.m,r,cr overcame the total efiecuve :nstmtmeous 
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grid bios, and the signol does not oppmr in the output 
developed across cothode-load resistor R3. As can be 
seen from this example, the largest input signal at any 
instant of time effectively tokes over the circuit and masks 
input signals of lesser amplitide. This i s  true provided 
that the timemincident s iqo l s  hove the same pulse width 
(duty cycle); however, if the s i q a l s  ore of differmt pulse 
widths and of sufficient amplitude to overcome the fixed 
bias, the signol with the longest pulse width will always 
appear in the output. 

FAILURE ANALYSIS. 
NO output. The commoncathode video mixer clrctllt 

i s  similar in many respects to o cothode-follower circuit 
insofor as  failures are concerned. Failure of the plate 
voltage supply will disrupt operation of the circuit, a s  will 
an open circuit in the cathode. With a tube known to be 
good instolled in the circuit the filament and plate voltages 
should be measured, a s  well a s  the d-c voltoge developed 
ocross the cathode-lood resistonce, to determine whether 
the applied voltoqes ore within tslerance and ~hether  the 
cathode resistor, H3, is open. Each Input shodid he checked 
with on oscilloscope to determine 'whether si , ,n~ls zre 
opplied to the circuit and whether they are of the nroper 
amplitude. Lack of signals at the grid of V1 or V2 con be 
due to an open coupling capacitor (Cl  or C2) or to failure 
of the external input-signal source. Tne output circuit 
should he checked to determine whether the load impedance 
hus deneased or whether the output i s  shorted. Such o 
condition would effectively place the cothode at ground 
potential, resulting in very low or no output; for example, 
a low value of terminating resistance or a shorted coaxial 
cable could cause this effect. Also, if the output i s  taken 
through an output coupling capacitor, an open in the capa- 
citor wwld prevent signals from rwching the stage follow- 
ing the mixer. 

NO u ixed  or Combined Output. Assuminy that applied 
voltages ore within tolerance and the tube i s  know to be 
good, mch input signol should be checked with an oscil- 
loscope to determine whether hoth signals are of correct 
omplitude ond are present at the respective grid of V1 and 
V2. Lack of o signol at the grid of Vl or V2 can be due to 
an open coupling copocitor (Cl or C?) or failure of the ex- 
ternal input-signal source. If the clrcuit uses fixed yrid 
bias to place mch tube ot or nwr plate-current cutoff, the 
applied bias should be mmsured at eoch grid to determine 
whether the bias voltoge i s  excessive, thus preventing 
signals from combining in the cathode circuit. 

LOW or Distorted Output. if capacitor C1 or C2 i s  
lmky or shorted, any value of d z  voltage present at the 
input from the previous stage will be applied to the grid of 
Vl or V2. If the grid i s  made positive as o result, the tube 
will conduct odditionol plote mrrmt and cause the cathode 
voltage to be hiqher than notmol. Thus, positive pulses on 
the grid will be severely limited in the cathode circuit. 
Where fixed bias is applied to the grid of Vl and V2, a 
leaky or shotted coupling copocitor C1 or C2 will cause 
voltogedivider anion to change the value of bios at the 
grid. This will couse the tube to shift i ts  operating point 
on the E, - I, characteristic curve. Depending upan the 
previous stoge ond the input circuit configuration, the bios 
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-iiay be shifted to place the tube in eitner the cutoff or sot- 
 ration region. 

If the cathode-load resistor (R3) i s  paralleled with a 
lerminotina or imoedance-motchinu resistor, o decreose in 
the volue of either resistance will affect the output voltage. 
Alsa, if the output i s  taken throuqh an output muplinq capa- 

~~~ 

citor, a shorted capacitor will affect the output voltage, 
since the impedance in the cothode circuit will be decreas- 
ed and a d-c path will be provided in parollel with the 
cathodeload resistance. 

COMMON-PLATE VIDEO MIXER. 

APPLICATION. 
The common-plate video mixer circuit i s  used to com- 

bine two (or more) input vidm or pulse signols. The mixer 
circuit normally has some gain. When two positive input 
sianols ore in time-coincidence, the circuit aerforms alae- 
braic addition to produce a combined output sirylol which 
i s  of armter amplitude than the output produced by either 
input signal alone. 

CHARACTERISTICS. 
Produces inverted signol in output; input signals of 

positive polarity produce output signals of negative polor- 
ity. The circuit i s  capable of combining small negative in- 
put signals to produce positive output signols. 

Gain of normal video mixer (as designed) i s  slightly 
greater than unity for single input signd; goin i s  always 
greater than unity for time-coincident input s ipa l s .  

When more than two i n p t  sigmls ore to be combined, 
additional common-plate videa-mixer circuits may be con- 
nected in porollel with little change in operating charocter- 
istics. 

nitput impedance i s  approximately equal to the value of 
plate-lwd resistance at low and medium frequencies, but 
decreases at high frequencies unless compensotion i s  used. 

High-frequency compensotion, if required, i s  acmm- 
plished by the addition of a series plate-load inductance or 
o cothode bypass capacitor of relatively small value. 

CIRCUIT ANALYSIS. 
Gsnerol. The basic common-plate video mixer mm- 

bines two positive input signals. The circuit i s  fundamen- 
tally two video amplifiers in parallel with a common plote- 
load resistance. The output polarity is negative, and the 
combined signol i s  taken from the plate circuit. 

The common-plate vidm mixer has good odding chorac- 
teristics for signals in time-coincidence. For this reason, 
when the input signols ore timecoincident, the circuit may 
not be satisfactow for certain radar o~olications unless . . 
modifications are made to reduce the adding effect and 
orevent overloodinu of subswuent video amplifier staqes. 
In some applications the video mixer circuit i s  followed 
by o limiter or cathode follower, or eoch input i s  preceded 
by a limiter. The circuit described here purposely has o 
very low plate-load resistance and an unbypossed cothode 
resistance, to keep the gain as low a s  possible. Also, the 
use of a low value of plote-load resistonce mokes frequen- 
cy compensation unnecessary. 

ORIGINAL 
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Circvit Opecotion. The accompanying circuit schemo- 
tic illustrates two triode electron tubes in o common-plate 
video mixer circuit. Electron tubes Vl md  V2 m e  iden- 
ticol-type triode tubes; although the accompanying sche- 
matic illustrates two separate triodes, o twin-triode is 
commonly used in this circuit. Capacitor C l  couples one 
irlpur sign01 la the grid oi i i i ;  copocirar C2 coupies ike 

- 
M I X E D  

OUTPUT 

r 
I - - 

Boric Common-Plate Video Mixer Citcuit  

other input signal to the grid o! V2. Resistors R1 ond R2 
are the yrid resistors !or Vl and V2, respectively. Resis- 
tor R3 i s  the common piate-load resistor far Vl and V2 and 
i s  gmerally o low-value resistance. Capacitor C3 is the 
output-coupling capacitor. Sesistoi fi4 is the common 
cathode-bias resistor. Tne circuit utilizes a low volue of 
piate-load resistance to ochleve an extremely short rise 
';ne: no 5ijh-frequency ca-.pena!i3c (p!c!"-!336 in?-c- 
tance or cathode bypass) i s  used. Tne unbypassed cahode  
resistor mokes the circuit drgenerouve, and oisa keeps the 
stage g m  stcb:l:zffl thrnuqhaut 6". i:fe a! the ? ~ k  to cam- 
pensate !or tube aging. The tolerance oi compnmt  values 
~n th!s r i ~ n ~ i !  1.; nnt ~cri!~,:,d: iG-pr!rm!-tt~irrmr~~:~ rulr!5 
~~~ 

ore normally used. 
w.er voltage is first ii.piia< !C, :!2 ;ir;:,i! 'L; ,T~?s 

(of Vl ~i I;:) ore a: ie iz  bias, ,z.d 'Le :irh.i.si ~ k t e  
current z! i~oth tubes pnssps tbr-;,ri~ czn-:mni.~ti;oJe rc- 
sistor fi4 to quickiy establish the no-s~gnol,  or quiescent. 
L. - *  "."". C c  clcnro:: :i.cs, '!! or.?. ?'?, 3:~. zr;:znk:3 Si. 
identicol-type tubes, or a single-envelope twm-triode 

..L .,-. : - - 7  .L ~...L~~ .~~.. - .- -!, ~L-,-.- 
nl", l Y O l l ' i Y l  L I I Y Y L L S L I ~ L I I > ,  II"I*S"SL, U >I::"', U ~ I L U L U I I L S  

I" tube chmacteristics wril not qrmtiy oifect the circuit 
operation. 

PLe c2er,2mF! cf t,& ;E the ,2cr:rr:,:,.r!-p;,2:e "i,&> 
mixrr viri.uir i s  zirnil:,r io ii~r nwrnrir~?r, c>i ihr  crinrir vir~ico 
amplifier, described m Section 6, when the input signals 
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or. not in time-coincidence. For example, assume a con- 
dition where o positive pulse i s  applied to the input of V1 
but no signal i s  applied to the input of V2. In this in- 
stance, os the input signal to 'i'l increases in a posltive 
direction, the plate current of V1 increases, causing an 
increasm voltage drop across plote-load reslsror R3: 
therefore, the voitoge at the plate c! Vi fn!is. As the input 
signal to V1 falls, the plate current decreases to i t s  former 
value, cousmg a decrease in the voitnge b o p  across plate- 
load resistor R3, and the plote valtoge at V1 returns to i ts  
iorrna value. n u s ,  o positive-galng pulse a p p l i d  to the 
grid hos produced a negative-wing p d s e  ot h e  plote, 
resultma in siunal inverslm. nowever, smce ine cathode 
resistor, R4, i s  not bypassed, deqeneiotian i s  introhced 

~. . . . ,,, ;',, ,,iiu,;. ,,u t:,i 5,,-,,j; i i i i l " ~ i d  ,i;,;s LC;',;<- 

resistor R4 resultinij from the chanoe in V1 plate current 
i s  u: phase wirh the lnput sip>!; therefore, tt:e mpli tude 
ai tne tnstontuneous and-rircornode slqnoi voiluqe oi \ii 
is reduced. 7he stage gain is also reaucffl, and, a s  o re- 
suit, the omplitude of the negotlve signai deveiaped m the 
plate circuit i s  effectively 1Ll;i:ed. The plote-lmd resis-  
tor, R3, i s  purposely a low \~:iie of resistonce, and Se- 
cause of degenerotian in the cathode c i r c ~ i t  (resistor R4 i s  
not bypassed) the l o i n  of !he stoge is prncticolly ~edllced 
15 ~ u ~ i t y  !or o cinclp i"n8rl i i -o l~  

hote that os &e current oi  Vi increases wlth sig-  
nal, the voltoge developed ocioss cothole resistor H4 also 
increases, and thot this instantaneous voltage, in turn, 
changes the no-signal bias for the grid of V2. Thus, the 
' l i ~ ~ w i ~ a , r U Y L  YO:i"ge ~~:creo.se, sc i05j  Cil::,o:e 

resistor H4 by me  signal appiled to Vl, appears as addi- 
tiona! bios to the arid of V2 and effectively decreases the 
plote current ~f b2 through the common plate-load reslstor, 
E3, and the ccnmor. ccthode rcsistcr, R4. ?he net result 
i s  o limiting oi the maximum instantaneous signal current 
thiouqh i i3 and R4 k o u s t  of the io;hie-iolloner action 
s! V! ~ p i d  Ihe dq-.emt!ue n_ctic~ c.! V?. ih??s, !he ~4 - 
otive output-sign01 amplitude of the plote for m e  input 
signcl is only slightly greatei Lb:m ti? original L~put -  
siqnai amplitude. 

Tne cperotion of the comma-plate video mixer when 
two positive input siqnals ore in time-coincidence produces 
u2Suu!l u l  i i lc  a i y i l i > ,  iu ylrc ~ ~ r n ~ ~ . d :  i , q ~ l i i e  ""i- 

put sigriai which i s  uiwoys greater than either of the two 
coincident input s q a i s  and q m t e r  than the output signai 
i ;  . . .  .-*.. ! i <  ... :- ""!.. .... ":".~..i .....,.. 1 ;- ...* *-.. i 71.'. . ---. .- . -..., -.,- ... ?". .- ?. . 

. , , . , , . , . - ----- --.-- 2. ..̂.. :,: ..d . =  -.: 7nl.". Is(,  .:~I,"."EI~< ~. .~ ~, . , 7~~ , ,, .~ ... .-.. .-.--.-. :.- -. ,. -.--- .--.-a ,, - , . L C  ...,, - - -  ~ ~- .. . .  . . .  .UFF: 

therefore, the omplibde odditior: of tineccincident signals 
.. .._il_ .̂ i -i .~. - me occomponyin j jiapn i~ iu s i i i j i ~ s  ii:e gar, cnarucrer- 
isti: 0: c r>rrz:.;!zt~ ,:id= -j:j^j ?lt. L->F: ~ , . ~ ~ j _  

!" pmr?.iee, '"a cir">i' 4s "n~..ll!y c,~?~!icri  ~ ~ pccitivr (,,put 
pu;se>. S ~ r i ~ e  ~ilr L)UIII ~ i i u ~ ~ c t n l h i l ~  I ~ U ~ C ~ L I X ~ U I ,  u bnluii 
positive input pulse .will piodcce a negative output p ~ l s e  
which 1s only silqhtiy g r m t n  inon riie input igain approx- 
imately unity); whereos input pulses iron approximately 3 
!a 9 volts result in  2 i j i n  grea:er thar ufiity. and input 

. , -" -.-. .*- ,, ..-,.- .- ,. ,--- .-- 
.,,..d~.d ~ , . L " ~ L .  ~ . . W ,  , ..,.~" .Ld,. .~ .,. . . - . A , . ,  . L O 4  ..,~". ,.,, .... 
b,,..,, .L". ,*"".",,--"" ...,,.-.. ,",," "." "....,,"" .- -- ...-... ..=.* .,.", ,. "...*. s,L-~,.& -".--- ".- """..&< ," -, .,,""., 
a smoll positive output pulse w ~ l i  be obtained. 

ORIGINAL 
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TYPE 5670 T U B E  
E b b  . 150 VOLTS 

R 3 = 680 
-12 R 4  = 270  

N A V W I P S  900.W0.102 

Therefore: Additive foctor = 

+ P  L POSITIVE PULSE INPUT IVOLTSI 
I0 psec PULSES AT 4 0 0 ~ ~ s  

Gain Choracterirtic of Common-Plate Mixer 

Two additional tubes can be pmolleled with the mixer 
circuit, if desired, to provide four inputs. If the values of  
the plate ond cothode resistors (R3 and R4) ore not changed, 
the gain of each stage will be reduced to half the gain ob- 
tained for two tubes; however, if cothode resistor R4 i s  
reduced accordingly to keep the bias approximately the 
same a s  for two tubes, the gain of each of the four tubes 
will be slightly greater than unity. 

An indication of the mount  of addition of two signals 
in time coincidence is given by the additive foster. ' h e  
additive foctor (in percent) i s  expressed as: 

ER - EH Additive factor = 100 --- 
EL 

where: En =resultant (combined) output voltage for 
inputs in coincidence 

EH =output voltage for highest input level 
E L  = output voltage for lowest input level 

The signal addition occurring a t  the plate os a result 
of wmbining two timesoincident input signals compared 
to the output obtained for o single input c m  be seen from 
the measured results obtained from a typical mmmon-plate 
video mixer. Tne mixer in this example used a plateload 
resistor (R3) of 680 ohms, a cathode resistor (R4) of 270 
ohms, and a supply voltage (Ebb) of 150 volts. TWO equal 
positive input signals of 3.5 volts on~plitude produce3 equal 
corresponding negotive output signals of 4.13 volts anolitude. 
#hen the two input siqnsls were opplied to the miner input 
circuit in time-coincidence, the vessured output-siqnal 
omplitude 31 the plote was 5.2 volts. Usinq the formula 
qiven a h v e  to determine the additive factor: 

From the exomple it i s  seen that the common-plate video 
mixer combines time-coincident input signals in an additive 
manner. 

INPUT 
NO.1 

INPUT 
N O 2  

OUTPUT 

A B 
ONE INPUT S I G N A L  T W O  INPUT SIGNALS 

Theoretical Signal-Combining Characteristics of Besic 
Common-Plate Video Mixer 

The accompanying waveforms illustrate the signol- 
combino characteristics of a tvaical baslc mmmon-plate . . 
video mixer for two different signal-input conditions. In 
aart A of the illustration, a 3.5-volt positive input pulse 
i s  opplied to one input only, and the resulting negotive 
c u t p t  i s  a 4-mlt signal. In part B, a 3.5-volt inplt pulse 
i s  applied to each input; the pulses me  of equal wpli tude 
but are of unequal pulse width (duty cycle). The resulting 
mmbined output signal i s  o negative p l l se  which i s  6.2 
volts maximum omplitude when the two signals me  time- 
coincident. Note tho! the longer input pulse produces a 
4-volt output signal and thot, when the short input pulse 
i s  applied to the circuit, the combined output signal i s  in- 
creased to 6.2 volts for the duration of the short pulse. 

This type of mixer cannot prevent overloading of sub- 
sequent video m p h f i e i  stages by timemincident input 
signals; therefore, the mixer is usually tollowed by o 
limiter stage to limit the output signal applied to the video 
wpl i f ie r  chain. The limiting level i s  determined by the 
highest output-signal amplitude resulting from m e  input 
signal; any additional output-signal omplitude resulting 
from two input signals in tim-inc~dence will result in 
clipping at the limiter stoge. 
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FAILURE ANALYSIS. 
No Output. The ccrnmon-plote "idea mixer circuit i s  

simllor in  mmv respects  t o o  v~dea-omolifier circuit insofar . . 
as f o ~ l u r e s  31E. concerned. Fmlurr  of tne piate-i.altage 
suppiy wili disrupt wersr lon oi  rhe circait,  os ,will an 
o ~ e c c i r c u i t  in the cott:ode. With, c t sbe  kn3w to be good 
i ~ 5 t ~ l I e . 3  ifi :he c i rcui t ,  r:,c f ; ;~ ,~ ,e r , t  Gci "~lt*3=5 
s b u i d  be mwsured,  os weii as the d c  voiroqe deveioped 
zcrass  the cu th ide  iesistvi ie, to 3eteriili:le nhrttl?r tile 
opphed voltai;rs ore witbin taleronce and whetcpr h e  
plate-load resistor (P,3) or zsthode resistor (P4) 1s o y n .  - 

i n x t  rimul- >e ;:?cc??d >ilt:! w .1sclii3s~:)pe to ?etc:- . . , , 
:c:ne wlctne: s:;n-;i; 3:c 3p;:;e: :c :,e 3.:~ji: zci ',vr,ct~?: 
til.;y ,me of !i~? "raper ~;plltl>de. :.:ei ;: ii!nn,s zt the 

. . . . . . . . 
A. ,, , ". ,, , --- -- ":," .? in oa"" """ , , , ,~ , ,  ~ ., - ,  ,~, ,  ., .., , l l j l  . .,!, l l  , ,  , . . 

(C1 or C2) or to f a ~ l u r e  of the external 1r.put-slqnal source. 
r,r, o?cy 31itFu, , L. -"..?><-- ,", ..,, ,., "a*-- . p',,, :tcT (P'j>, .w.l, -. , ,, z,cpi 'ert si3- 
" - 1 -  ',*m .o",-!.,~? *Ln c,""o #",I ,Ln .-,vE.. ,. '-.? ./_._ ..-. / /  i_4_ll_i._l ...- _L_ l_ l_  .".." ,.i.i_l ...,.. ., " .i-, , ". 
snorted 3u:p~t  roupI.;q C O ~ J Z ~ ~ O :  w..i i l j i i i  .; - i o , t ~ l t  li\i,- 

dm with the ;nF;t r e s ~ s t c :  c !  tt,e !o!l--inj st34e. 3 i s  i f  
the lnput resistor of the iollowlng r t q e  is retilrned to 
qound c r  to o CqoUve  si:?ply, tb,e vo!tzq% ot If,% pintes  
of V1 snd V2 w;ll be reduced, ark the operotion of the 
fdlowlng sroge will be upset by the ct.onge i n  voltoqe ap- 
p k d  t o  the tqrld. 

No Mixed or Combined Output. .A.s;i:i;; ;hi: the ip- 
plled valtuqes are within tolerance and the tube 1s krawn to 
be qoad, each input slqnol st,ould be checked wlth sn os- 
zl l lcscape to determine whether i! 1s of correct cmp!i!ud~ 
nnd i present or t i p  respective ,?id of VI nnd V7. r nck 

T .,,.. ! ., ,!,- - ' ,.'> .., '!" ,., :,- : ,., . *. - ..*, ". ". ... b .. -. . L -. . &  -".. u- -"- ." " .  -u-.. 
couplinq cipai i :oi  ( L l  a; 121, on open :quo ;es ,s t j r  I ? :  a; 

. . 
:'L;, :: :2!:2:e 3: :?,e =x:?:-,z! :';~':t-5:';r.Z: :>;:c?, 

L o w  or Distorted Output. if one input coupilnc cspac:- 
tor (C1 or C2! 1s lenky or s h o r t d ,  any i a l l ~ e  oi  dc voltage 
preser;! ot the input from tb,e p:e+.3us sto;e ,Will be appl:pd . ,. .. . . . ,".*"-.." , , , ,  ". ,,', b,. ,,-, ,,,. "',, ,.".."" m. ."- ," ,,,% * ,~"  ., . . ", . , ", "" .,-y, ~ " -. ... - 
capacitor ond grid reslstor (81 or 8 2 ) .  If the grid i s  mode 
p s i t i v e ,  the tube will conduct odd~tional  plzte current ond 
c E s e  thc cc!kde e.:!!oge d e . : ~ I o ~ ?  cc:ocs 41 tc t c  
higher than normal. R d s ,  the bias  o! one tube i s  s5iited 
beoa,se of J ihan.;e in ~ i i t q r  ot tk,e g i i i ,  and t5e ;ids of 
v i e  nfi-7 t r r ~  I C  r i r n n ~ 4  "c , :ac,!it ni , -n""qn ,r ~~ !b ,n , i e  

> .  

voltorje. Slnce the inplit p ! s e i  ore psl t i .de ,  i t  IS possible 
.L_. --_, ? -c ;~ez :  szt,irzt;s:. .;;:I! XZG: h r  :>,c !::st k h z  

2 . 1  ~ . . , .  - ~ - . ~ ,  . L .  > >  ... . . , ~  . . 
:,:,: ,,.<:, ! ,#r  >?, w':!l u!,,,,t > -  c,: , ,!>!O,.t F::sc <>I 

)e:sccJ m)p!it":* *):e!~; 2 7,e-> :r,:i;+,: 2;s J:= 3p$;;*i 
, . . . ,  , ....=, ..,ec,.,-,. ..-." .-.* . . . . . . , . .  ..,. .. . .. . -P  !C'N .̂ 1:- 

torlei un" V J . ~ ;  be r e , ~ r e s s ~ t a t ~ , e  d!  ,J r~brng; ; z jxe i  or 
, ~ . " h . * ~ 4  ",,,m,:, . - . . . -. . . - - - - . - - . 
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