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SECTION 12
MIXER CIRCUITS
PART A. ELECTRON-TUBE CIRCUITS

AUDIO MIXERS.

Audio-frequency mixinyg is defined as the combining of
two or more audio-frequency (20 to 23,000 cycles per second)
signals from separate sources in any desired progortion at
the input to an audio-amolifier system.

The term audio mixer should not be confased with
term mixer 2sed to desiynate the nonlinear zircult that
natarndynes the rf GM Inmal-nerillatar ai-

neterodyne receiver. Audio mixers are conSLdered as '‘com-
bining'' circuits and ars operatad a3 linsar circuits.

Audio mixing circuits are used in public-address,
sound-distribution, and similar ootz gystemns 12
two or more input-channel signals [or further a"mhfh,auon
in the main channel of m qudio-amplifier system. [t is
necessaty to control the individuel input-channel siynal
levels before mixiny occurs, Also, if frequency compen-
sation of the individual input signals is required, the fre-
quency compensation must be accomplished before the sig-
nals are gpplied to the mixer input. It is dssirable to have
the individual signals to each mixer input as nearly 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}
controis are {ront-panel controls which are easily accessi-
ble to the operator and require frequent operation or adjust-
ment.

“hen a low-amplitude signal is to be mixed with 3 siy-
ndl of greater amplitude, un audio-ompiifier stage, calied
a preamplifier, 1S used to increase the amplitude of the
':'ﬂg”nr cinnml s0 1!-15! it i

1280 ..f“., 195834

ggprnwmnnﬂu aq.mi to the gmolic

tude of the larger signul; then the iwo Inpul signals will be
of agproximately the same gmplitude {level} belore mixing
occurs. [n some instances, if the smaller of the two sig-
nals is at a satisfactory level for application to the mixer
circuit, the signal with the larger amplitude is simply atte-
nuated to a level which is equal to that of the smzlier signal.
Audio mixer circuits can be classitied as either electron-
tube type or resistance-network type. Mixers may be further
clossified as hivh- or low-impedance, constant- or noncon-

stunt-impedunce, and hiuh- o low-level mixes, dhe sudio
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COMMON PLATE-LOAD AUDIO MIXER.

APPL!CATIDN

fot late-load w ines
combine two (or more) input audio signals by amohivmq the
sn;nals and combining them in a common locd tmpedance.
mixer c:u'cun is yenerally used in public-address and

wn oy D""V ide fmr tne contral and
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CHARACTERISTICS.

Operates Class A with cathode bias.

Combines two individual input signals; each input signal
is amplified, inverted, and combined in 2 common plate-
load Impedance with relatively low distortion.

Additional circuits can be connected in parallel 1o pro-
vide for gdditional input channels.

CIRCUIT ANALYSIS,

General. The common plate-load audio mixer combines
two input signals, The circuit is fundamentally two Class
A audio amplifiers in parallel with a coinmon plate-lond
tesistance. The combined autput
across the plote-load resistance. More than two input
sitnnls fon be mivad baoconluing aqsch sioncl tooa zzoarate
ampliiler tube; each tube in turn, opelates into tne common
slate-load resistance

Circuit Operation. The accompanying circuit schemotic

illustratras twn trinda alactron tuhes in 2 camman ol g

load audic mixet circuit. Electron tubes V1 and V2 are
identical-type triode tubes; clthough two sepurclte triodes
are shown, g twin-tricde is commonly used in this circuit.
Potentiometer {varichle resistors) R1 and RZ are the grid
resistors for V1 and V2, respectively, Also, Rl and B2

are used to terminate a preamplifier, crystal pickup, of

sther high-Impedance siynal source, and control the level

of signal applied to each qrid of the mixer circuit. Hesistor
R3 is the common cathode-bias resistor for V1 and VZ; capa-
citor Cl is the cathode bypass capacitor, Sesistor 34 is
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in this mixer cucuxt the two input circuits are tsolated

from one ancther, so that the setting af one contral {1
or 3% will have no Pff ect upon the other. The two inpats
are :elcmve., high 2
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values of A1 and 32 are usually made sulficiently hiyh to
act as a load or terminating impedance for a preamplifier
stage, a crystal pickup, or ahigh-impedance, high-output
microphone. !f the signal source is o low impedance, an
input matchiny transformer is required to obtain impedonce
transformation from the low-impedance source to the rela-
tively high-impedance input of the mixer circuit,

The operation of each tube in the common plate-load
oudio mixer is similar to the opergtion of the B-C coupied
triode voltage amplifier, described in Section 8, for indivi-
dual input signals. For example, assume a condition where
an audic siynal is applied to Input Mo, | but no siynal is
applied to Input No. 2. In this instance, assuming that
potentiometer 31 is adjusted for a suitable input level to
the grid of V1, the output signal developed across the
plate-load resistor, R4, is 180 deqrees out of phase with
the input signa! and is areproduction of the input signal
as it would be for any R~ coupled voltaue amplifier. Yhen
audio siynals are applied to both inputs of the mixer circuit,
the combined signals appear octoss the plate-logd resistor,
H4, and are coupled throuyh capacitor 24 to the yrid cir-
cuit of the following cudio amplifier stage. If the yrid cir-
cuit of the {ollowing staye uses a potentiometer as the yrid
resistance (3-C couplinyg), then this potentiometer functions
as a master gain control for the amplifier, since it controls
the amplitude of the mixed cudio signals applied to the yrid
of the {ollowiny staye.

The mixer circuit illustrated is very satistactory for two
input channels. [t uses two tubes sharinyga common nlate-
load resistor, #hen more than two inputs are desired, as
tor example three or four inputs, various circuit combing-
tions incoroorating three or four tubes may be used: however,
there s a limitation to the number of tubes which ¢an share
a common plate-load resistance without suffering consider-
able loss of gain and introducing somedistortion. Therefore,
common plate-lood mixers are yenerally limited to two or
possibly three tubes. (Where more input channels are desired,
modification of the basic circuit is necessary to provide a
degree of plate-load isolation.} Sincs the plote resistances
of the two tupes (V1 and V2) are in parallel, each tube
works into o load impedance which is always less than
its own plate resistance. Undet such conditions of opera-
tion, the output voltage obtainable from the circuit is sericus-
ly limited.

Since one tube operates into a load consisting of the
other tube's plate resistance effectively in parallel with the
load impedance (34), it is obvious that the gain of the two
tubes as shown in the schematic will be less than the gain
of a single voltaye-amplifier tute because the load imped-
ance for either tube is always less than its own plate resis-
ance (rp). Therefore, the yain of each tube will always be
less than one-hall the yain obtained from a normal voltaye
amplifier. If the normal voltaye amplifier is considered to
be a constant-voltaye Jenerator, as shown in part A of the
accompanyiny illustration, the a-c component of plate cur-
rent (ip) is:

Ip +Z2L
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and the o component of output voltage (e.) that appears
across the load impedance, 7y, is:

€o = ipdL
By substitution then:

- e
fo= ——— I,
Ip + ZL
L _mHeadp
b+ 2L
p
—
p
ZL eo
-ues
A
ip
—_—
"o
ZL rp% Oo
-ue 5

Simplified Amplifier Circuit

It is apparent that the output voltage {e,) of @ normal
voltage amplifier is not w times the applied signal {eg),
because some voltage is lost in the internal resistance (tp)
of the tube and is not developed across the lood impedance,
Zr: In part B of the illustrotion, the plate resistance {r;)
of a second tube is shown in parallel with the load imped-
ance, as would be the case for g two-tube mixer circuit.
ihe load impedance for this condition can now be expressed
as:

Ty 2L
Ip2 + ZL

where: Zr = load impedance
tpz = plate resistance of second tube
However, since identical tubes (V] and V2) are used in the
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mixer circuit, the plote resistance of each tube can be
considered to be equal to that of the other; therefore, tp2
is equal to r;. The a-c component of output voltage {e,)
tor the two-tube mixer can now be expressed gs:

8o =

~pes 2y,

b 3
oot 2L

ces o Ip 7
Substituting r—pTI:,—— for Zp:
B Tl

Ip ZL

o = —{iEg
Ip+ 2L

tp ¥ B L
Ip + ZL

- jes T Ip

Spry o 0pt % AL

- Hes Zi, p
0 o+ 2001

= _~Hesdy
S L T 7w

From this expression it can be seen that, for two tricdes
in patallel, the output voltage {es) will always be less than
one-half that obtained with g normal voltaye amplifier.
Similarly, for a three-tube mixer the gain will be less than
one-third the gain obtained from a normal voltage amplifier;
for a four-tube mixer it will be less than cne-fourth.

Improved performance can be obtained by usiny pentode
instead of triode tubes. The accompanying circuit schematic
iilusirates two nentode electron tubes in a common plgt_e-
load qudic mixer circuit. Electron tubes V1 and V2 are
identical~type, sharp-cutoff pentodes. The circuit is
fundamenzally the same as that previously described for
trisde tubes except for the addition of the screen-dropping
resistor, RD, and the screea bypass capacitor, C3. The
circult operation is the same us et Jescrived {or the triode
mixer circult,

¥hen pentodes a

circult, the ioss

are used in the e common plate~load mixer
1 P = ¥

Fulposes, i €
pentode as a remslcnce-co\zpled amphfxer is extremely high
compared t¢ that of ¢ triode, sc that nearly the full goin of

the pentode can be Ieciized in Uis Circuit.

FAILURE ANALYSIS,
Mo Outpur. The common piate-loud audio mixer circuit
is similer in many respects to a remstam.e—couplec voltcsge
ampiifier circuit inscfar as failures are concerned. Failure
of the plate-voltaye supply will disrupt operction of the
cucmt as wxll an open cm:al: in t e \_at‘uue. Hith b
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Pentodes Using Common Plete-Lood

voltage developed across the cathode resistance, to deter-
mine whether the applied voltages are within tolerance and
whether the plate load resistor (34) or cathode resistor
(3] is open. Each input should be checked with an oscil-
loscope to determine whether siynals are applied 1o the
input of the circuit and whether they are of the proper
amplitude. An open output coupling capacitor (22} will
prevent signals from reaching the staye following the mixer.
If the mixer circuit uses pentode tubes, the voltage
aoplied to the screen grid should be measured to determine

5 ooty ithim + o~ A uria v th pe
wetheritdelithin tolergnte dnd whpter i sorenn BYasss

capacitor (03} is shorted. A shorted screen bypass capa-
citor will remove screen voltage from the tubes and may cause
the screen-dropping resistor, B9, to burn out. When normal
output is obtained from one channel but not from the other,
the input to the {auity channel should be checked with an
oscliloscope to determine whetner the trouble is due to an
open input potentiometer (Rl or R2) or failure of the input-
signal source.

Low or Distorted Qutput. The applied plate voltage

hould beumpasared b uet:_.\..inc whether it is rﬁ.tﬁlﬂ

Al Lt 5 :
'.w. Also the utput voupling capacitor, 22, should

be chibcked to determme whether it is Ieakmg, leakuge of

S \_upu\_uu. Wilt uluy thie uypuc:‘_z ,.uuu: vvu.qgt_ a6 pell il
voltage-divider action to attect the opetation of tae toiiowing

Thirs if 4bn farob me
i
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e following stase is
raturned to gro 14 the "O]"‘QD at the plc!er of V1and V2

will pe reduced, and the opetation of the following stage

will be upset by the change in voltaye applied to its urid.
An open cothode bypass capacitor U1 will cause the mixer
circuit to be deygenerative, and will also result in ”cmss—
blasing'” of the tube:. SG thdt Lhe stage galn mll
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pending upon the confiyuration of the preceding stage (for
example, ¢ preamplifier stage, R-C coupled), it is possible
that a d4-¢ voltaye may be applied to the input potentiometer
(R1 or 32) because of a leaky or shorted coupling zapacitor.
In this case, a d-¢ voltaye which is dependent upon the
setting of the potentiometer wiil te applied to the grid, and
the tube bias will be affected.

In the pentode aqudio mixer circuit, a leaky screen bypass
capacitor (C3) or an increase in the value of the screen-
droppiny resistor {85) will cause reduced yain becouse
of the decreased screen voltaye, while on open screen bypass
will cause reduced gain because of degeneration within the
stage.

SEPARATE PLATE-LOAD AUDIO MIXER.
APPLICATION.

The separate plate-load audio mixer circuit is used to
combine two {or more) input audio signals by amplifying
the signals and combining them at the common input of a
following stage. The mixer circuit is commonly used in
nublic-address and sound distribution systems to provide
for the control and mixing of several input channels,

CHARACTERISTICS.

Operates Class A with cathode bias.

Combines two individual input signals; each input siy-
nal is omplified, inverted, and fed through an isclation
resistance to the common input of o following staye.

Additional circuits can be connected in patallel o pre-
vide for additional input channels.

CIRCUIT ANALYSIS.

General. The separate plate-load cudic mixer circuit
combines two input signals. The circuit is fundamentally
two separate Class A audio amplifiers with each output
fed through an isolation resistor to a common input imped-
ance of the following stage. More than two input signals
can be mixed by applying each additional siynal to o separ-
ate amplifier which has its own plate-lood resistance, and
feeding the omplifier output throuyh an isclation resistance
to a common input impedance of the following staye.

Cirevlt Operation. The accompanying circuit schematic
illustrates two triode electron tubes in a separate plate-
load gudio mixer circuit. Electron tubes V1 and V2 are
identical-type triode tubes; two separate triodes are shown,
but o twin-tricde is commonly used in this circuit. Poten-
tiometers (variable resistors) Bl and 32 are the -rid resistors
for V1 and VZ, respectively. Also, Rl and 32 are used to
terminate a preamplifier, crystal pickup, or other higyh-
impedance signal source, gnd control the level of signal
applied to each grid of the mixer circuit. Resistor A3 is the
common cathode-bias resistor for V1 and V2; capacitor C1
is the cathode bypass capacitor. Resistors 34 and 35 are
the plate-load resistors for V2 and V1, resnectively; re-
sistors 6 and 37 are the cutput-isolation resisters. Capa-
citor C2 is the output coupling capacitor.

In this mixer circuit, the two input circuits are isolated
from one another, so that the settingof one control {1 or
R2) will have no effect upon the other. The two inputs
each have a relgtively hiyh impedance; potentiometers 31
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Separate Plate-Load Audio Mixer

and R2 generally range in value from 500K to several meqg-
ohms. In practice, no great attempt is made to achieve an
exact match of impedonces at the input to the mixer circuit.
However, the valuzs of 31 and 32 are usually made suf-
ficiently high to act as a load of terminating impedance for
a preamplifier stage, a crystal pickup, of a high-impedance,
high-output mictophone. [f the signal source is a low imped-
ance, an input matching transformer is required to obtain
impedance transformation from the low-impedance source
to the relatively hign-impedance input of the mixer circuit.

The operation of each tube in the separate plate-load
audio mixet is similar to the opetation of the B- 2 coupled
triode voitage amplifier, descrived in Sectian 6. “nen
audio signals are applied to both inputs of the mixer circuit,
the individual amplified siynals appear acress the respec-
tive plate~load resicters, RS and R4, The individual sig-
nals are then applied through the series isclation resistors
(36 and R7) to the output coupling capacitor, =2, which
couples the combined siynals to the grid circuit of the fol-
lowing audio amplifier stage. I the grid circuit of the lat-
ter staye uses a potentiometer as the grid resistance, then
this potentiometer functions as a master yain control {or the
amplifier, since it controls the amplitude of the mixed audio
siynals applied to the amplifier grid.

The mixer circuit illustrated is very satisfactory for
two input channels. When more than two inputs are desired,
as for example three or four inputs, an additional tube is
connected to the circuit for each additonal input desired,
and its individuc! plate load resistance is coupled to the
common output circuit by means of an isolation resistor to
provide a degree of isolation between amplitier tuhes. Thus,
some of the inherent disadventages of the basic common
plate-load gudic mixer are overcome. The isolation resistors
{RE and R7) are usually two to tive times the value of the
individual plate-load resistors (R4 and RS). As aresult,
each tube in the mixer circuit works into a complex load
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impedance which approaches a normal load for a voltage
amplifier stage; therefore, distortion due to nonlinearity is
considerably reduced. Although the normal stage qain is
obtained when the tube works into a naemal load, the out-
put signal voitage available at the input of the following
stage is considerably reduced because of the loss introduced
by the signal-voltage drop aeress the isolation resistor. How-
ever, the net result is that the higher cutput voltage from the
mixer is aqvailable at the input of the following stage for a
given percentage of distortion, as compared to the output
voltage obtainable from other triode mixer circuits, such as
the common plate-load audic mixer.

The voltage delivered to the input of the following
stage by the mixer is always less than one half that
obtainable with a normal voltage amplifier. Tn the nnrnm-
panying iliusiration, the compiex load impedance into
which one tube works is simplified to show the amplified-
signal voltage division and the resulting useful signal cut-
put available across the load impedance, 7., corresnondin
to the input of the succeeding stage. Since both tubes
{V1 and V2) employed in the mixer are identical-type tubes,
the plate resistances {r;) can be considered to be equal,
Also, the isolating resistors {Rs} are equal 1o each other,

e
'Ues© , zo i ;

Simplified Mixer Circuit
and e plote-load resistors (Ry) cre equal to each other.
The a-- component of cutput voltage (e,) for the mixer us-

ing isolation resistors, expressed as a voltage relation-
ship, is as follows:

d
15u1uunu Leaisiul
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Since the resistance of R, is greater than the imped-
ance, ZT, a greater signal voltage appears actoss Ha than
across Zr. Therefore, the cutput voltage (e,) developed
across Z 1 must dlways be less than the voltoge developed
across the iselating resistor, Ry, and less than one-half
the voltage obtainable {rom a normal voltage amplitier. De-
pending upon the value of the load impedance, Z1.. the out-
jalibd \rn]mma (ey \ may be cs iow 03 one-third the wghcge
obtcmcxble from a normal voltage amplifier.

Pentodes can be used to advantage in this circuit be-
cause the plate resistance of a pentode is extremely high
compared to that of a triode. The value of the isclation
resistor need only be several times the value of the plate-
load resistor and, since neatly the full gain capability of
the nentade ran he renlized,
the load 1mpedance will be greater than one-half the cutput

voltage obtained from a normal amplifier.

the nutnnt valtane availahla ot
Iherouibuamtana

FAILURE ANMALYSIS

Mo Owtpur. The separate plate-load audio mixer ciz-
cuit is similar in many respects to a resistance-coupled
veltage amplifier circuit insofdr as failures are concerned.
Failure of the plate-voltage supply wiil distupt operation
of the circuit, as will an open circuit in the cathode. With
tubes known to be good installed in the circuit, the {ilament
and plate voliages should be measured, as weil as the d
voltage developed across the cathode resistance, to deter-
mine whether the applied voltages are within tolerance and
whether the individual plate-load resistors {Rd4 and H)) or
cathede resistor (R3) is open. Each input should be check-
ed with an oscilloscope to determine whether signals are
applied to the input of the circuit. An open output coupling
~apaciter (C2) will prevent signals from reaching the

tage {ollowing the mixer.

If the mixer citcuit uses pentode tubes, the voltage
applied to each screen grid should be measured, to deter-
mine whether it is within toleronce and whether the screen
bypass capacitor 1s shorted. A shorted screen bypass
capacitor will remove screen voltage from the tubes and may
cause the screen-dropping resistcr to burn out.

When normal output is obtained from one channel but
rot from the other, the input to the fqulty channel should
be checked with an oscilloscope to determine whether the
trouble is due to an open input potentiometer {H1 or HZ)
or failure of the input-signal source.

Law or Distorted Dutnus, The opplied plate veltage
snontld De megsured 1o determine whether it 1s within tel-
erance. Also the outpul coupling capacitor, 7, shouid be
cnecked (o delermine wnetner it is leaking. A ieaky (or
shorted) output coupling capacitor will form g veoltage
Jdivider comprised ol poth 1solating resistors (Hb and HY)
effectively in porallel, and this combination is in series with
i g stage. thus, the volt-
dge at the plates of Vi and VZ wiil be reducea somewhat,
and the operation of the following stage will be upset by
the positive voltaye applied to its ¢rid. An open cathode
bypass capacitor Ul will cause the circuit to be degenera-
tive, and will also result in M'cross-biasing’’ of the tubes

input resisior
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sc that the stage gain will be decreased, A shorted cathode
bypass capacitor will result in @ loss of bias and distortion
of the cutput signal. Depending upcn the configuration of
the preceding stage (for exumple, a preamplifier stage,

R-C coupled), it is possible that a positive d< voltage may
be applied to the input potentiometer (R] or 8Z) becguse

of a lecky or shorted coupling capacitor. In this case, a
positive d-c voltage, the amount of which is determined by
the setting of the potentiometer, will be applied to the grid
and affect the bias.

If plate-load resistar R4 (or R5) should open, the plate
voltage applied to V2 (or V1) will be considerably below
normal, since the plate voltage will be applied to the tube
through both isclating resistors in series with the plate-
load resistor, R5 {or R4) of the other tube, V1 (or V2.

As a result, the signal output frem the tube with the plate
voltage below normal will be extremely low.

H the mixer circuit uses pentode tubes, a leaky screen
Lypass capacitor ot an increase in the value of the screen-
dropping resistor will cause reduced gain because of the
decreased screen voltage, while an open screen bypass will
cause reduced gain because of degeneration within the stage

YIDEO MIXERS.

Video mixing is defined as the combining of two or mote
videeo signals. The video signals to be combined consist of
various forms of pulse informetion and may include any
number of the following: radar video, beacon videc, range
markers, range strobe, azimuth markers, [FF video, blank-
ing gates or puises, and other special forms of information.

The term video mixer should not be confused with the
tetm mixer used 10 designate the circuit that heterodynes
the r-f and local-gscillator signats in a supethetercdyne
receiver. Video mixers are considered as "'adding’’ cir-
cuits and perform algebraic addition of pulse information;
the pulses can be of either polarity and need not be in coin-
cidence. In certain applications, video mixers are designed
to combine signals of o given polarity only. Alsq in many
radar applications, videc mixers are designed to combine
time-coincidence pulses in a nonadditive manner; oper-
ation in this manner prevents excessive output amplitude
and possible overloading in subsequent video amplifier
stages, and thus prevents "'blooming’’ of the indicator
display.

The majority of electron-tube video mixing circuits
presently in use are variations of two basic types: the
common-cathode video mixer and the commen-plate video
mixer. Most video mixer requirements can be met by one
ot the other of these two circuits. The common-cathode
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 is degenerative, and the amplitude of the
combined output of the two input signals in coincidence is
less than that of the larger input signal. The commen-piate
video mixer normally has some gain; as a resuit, the
amplitude of the combined cutput of the two input signals in
coincidence is generally greater than the larger of the two
input signais. Therefore, if the ampliftude of the combined
output signal from the common-plate mixer is excessive for
the application, modifications to the basic circuit are nec-

ORIGINAL

$00,000. 102 MIXERS

essdry to reduce the adding effect. Otherwise, the output
is likely to overload subsequent video amplifier stages
when coincident signals are applied to the input.

A video mixer is normally required to handle pulse
information having pulse widths of 0.5 to 50C microseconds
and pulse repetition rates of 200 to 2000 pulses per second.
Common-cathode video mixers gre capable of handling very
{ast rise-time pulses because of the cathode-tollower
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 YIDEC MIXER.

APPLICATION.

The common-cathode video mixer circuit is used to com-
bine two {or more) input video or pulse signals. Depending
upon the circuit configuration, when input signals are in
time-coincidence the output signal can be a limited-ampli-
tude combination of the input signals or a nonadditive
output signal which is representative of the larger input
signal only.

CHARACTERISTICS.

Input signals are of positive polarity; output signal is
of positive polarity. Negative input signals can be com-
bined (by the basic mixer circuit} only at very low levels.

Gain of video mixer (as a cathode follower} is approxi-
mately 0.75.

Degenerative circuit {cathode follower) provides limited-
amplitude additive mixing of time-cgincident signal pulses
because of common-cathode biasing arrangement. Modifi-
cation of basic circuit to include fixed bias near cutoff
provides nonadditive mixing of time-coincident signal
pulses,

When more than two input signals are to be combined,
additional common-cathode video-mixer circuits may be
connected in parallel with little change in operating
characteristics.

Output impedance is relatively low.

CIRCUIT ANALYSIS.

General. The basic common-cathode video mixer com-
bines two positive videc signals. The circuit is funda-
mentally two cathode foliowers in parallel with a common
cathode resistance. The cutput pelarity is positive, and
the combined signal is taken from across the cathode re-
sistance, Any numbert of positive input signals can be
mixed by applying each signal to a separate cathode fol-
lower; each cathode followet, in tum, operates into the
common cathode resistance, Whether or not any addition
of signals occurs in the output depends upon the biasing
of the cathode-follower stages.

Cirevit Operation, The accompanying circuit sche-
matic illustrates two triode electron tubes in o common-
cathode video mixer circuit, Electron tubes V1 and V2 are
identical-type triode tubes; although the accompanying
schematic illustrates two separate triodes, a twin-tricde
is commonly used in this circuit. Capacitor C1 couples
one input signal to the arid of V1; capacitor C2 couples
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the other input signal to the grid of V2, Resistors Rl and
R2 are the grid resistors for V1 and V2, respectively. Re-
sistor B3 is the commen cathode-bias resistor for V1 and

—8- +Epp

I MIXED

R3 auTolT

INPUT
NO.2

Basic Common-Cathode Yideo Mixer Circuis

V2, and it is also the cathode load resistance for the video-
mixer circuit acress which the combined, or mixed, pulse
output signal appears. The plate of each tube is tied di-
rectly to the supply voitage, +Evr. The taierance of com-
ponent values in this circuit is not critical, and 10-percent-
tolerance parts are normally used,

When voltage is first applied to the circuit, the grids
{of V1 and V2) are at zero bias, and the combined plate
current of both tubes passes through comm on-cathode re-
sistor B3 to quickly estehlish the no-signal, or quiescent,
bias. The elecuon tubes, Vi and VZ, are assumed to be
identical-type tubes, or g single-envelope twin-triode with
identical characteristics; however, a small unbalance in
tube characteristics will not greatly atfect the circuit oper-
ation.

The operaticn ¢f each tube in the common-cathode
video mixer circuit is similar to the operation of the cathode
follower, described in Section 6, when the input signals
are nat in time-coincidence, Far example, assume a con-
dition where a posinve puise 15 apphied o the input of Vi
putl no signai is applied 1o the input of VZ. In tis in-
stance, a5 the mput signal to V1 incregses in @ posiuve
direction, the plate current of V1 incredses, causing an in-
creased voltage drep oCross cathode-load resistor i, As
the input signal to V] falls, the plate current decreases to
1ts former value, cousing a decrease i the veitage drop
actoss cathode-load resistor K3, Thus, the output-signial
voltage developed across the cathode-load resistor is a
reproduction of the cricinal input signal applied to the
grid of V1. Furthermore, since the input signal produces
a change in the cathode bias, this bias voltage is in phase

itk thoo feoeb al { (R ST o8 . by remoniid ey
with the unpu{ 3ignids Gno tnefeiore reauces the anpiilude
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i
il o T (VR A . 1
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ways less than one.} Note that as the plate current of V1
increases with signal the voltage developed across cathode-
load resistor R3 also increcses, and that this instentan-
ecus voltage, in tum, changes the no-signal bias for the
grid of V2. Thus, the instantaneous voltage increcse
developed across R3 by the signal applied to V1 effective-
lv decreases the plate rurrent nf V2 and reaults in o de-
current of V2 through the common
cathode-load resistor, B3, The net result is o decrease in
the signal current through the cathode-load resistor be-
cause of the cathode-follower action of V1 and the degen-
erative acten of V2, Therefore, the output-signal ampli-
tude for one input signal is always less than the original
inout-signal amplitude.

Aromes in otk

Credse in e plG‘;"‘

The operation of the common-cathode video mixer when
two input sigqnals are in time-coincidence produces some
adding of signais to give a combined output which is al-
ways less than the amplitude of the larger of the two
that results when only one input siqnal is present. The
limited addition of time-coincident positive input signals
results from the use of @ commen cathode-load resistance
which causes "!cross-biasing'’ of the two tubes, The
extent of signal adding is primarily @ function of the value
of the cathode resistor, F3, and the level of the input
siqnals. Where the voite ot the cathode resistor is such
that the gain of each stage is considetcbly less than unity
(relatively small value cathode resistor), the biasing action
is not complete and some addition of signals will always
occur. When the no-signal bias is large {relative large
srrlac-eathodnractintoth hatieat adflisientitnoomnlptale
cut off the plate current, the gain of the cathode follower
is less for small positive signals than for the larger posi-
tive signals. This effect is caused by nonlinearity in the
gain charccteristic at low input levels. Also, the gain is
reduced, resulting in the addition of the input signals.
Since some additive affect can be talerate ], inttial cutoff
ot plate current tor each tube is not necessary, and grid
bias is normmally obtained by cathode-resistor action only.

I the output of the common-cathode video mixer is
required to operate into o low-impedance coaxial coble
which is terminated in o low impedance, the effective
value of the cathode-load resistance is also a low value,
When this is the case, the gain of the mixer is decreased
because of the lower output impedance; therefore, less

rodie

hu main
IOCUCEen DY ool

otithe cathade-laad rosinionee,

I the mixer 15 plased to cutoft, 11 cominnes cnincident
mput sigrals of 1dentical pulse wicth {duty cycle) in such
a mannert that only the input with the largest amplitude
appears at the output: this manner of operation is calied
nonadditive mixing, and is described later as o modifice-
tion 1 the basic mixer circuit,

The foilowing tobuiation compares the pertormance of
o typical common-cathede videc mixer circuit for three
values of cathode-load resistance, 4700, 470, and 150 ahms.
Twe input signels of different pulse widths were usad 1o
obtain the data given. Loch individual input leve!l was
udiusted 1o provide the outputl voltage aiven in the table,
and then the innut ciqnals were annly

simuitanenusiy to

CULLL TEBPELALYE LA Ly WMLl Wl 80O UetiL Siylidls.
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The effect in each case was to cbtain a combined cutput
which was greater than the output obtained from either
signal alcne,

Cathode-Load Resistor (ohms) 4700 470 150

Qutput Volts (for one input) 3.0 3.0 3.0
Qutput Volts (two inputs in coincidence)] 3.6 3.9 4.3
Input No, I (volts}: 1B8D-iisec pulse 4,1 4,9 8.0
at 400 ppa
[nput No. 2 (volts): [0-i{sec pulse 4.0 4.9 6.0
ot 400 pps
20T  1vypE 8670 TUBE
- | Epp =180 wOLTS
16 ¢
~1et
i
- &,
g 12 ‘.10
& 0/ ah,
ok %
= .
150
E Bt < B3~
=
=
w &
"
2
24t
2k
) i 1 1 L 1 1 A i L 1 L 3

2 4 6 8B 10 12 14 |6

PULSE INPUT (VOLTS)
|Q WSEC PULSES AT 400 PPS

18 20 2¢ 24

Gain Characteristic of Common-Cathode Mixer

The gecompanying graph illustrates the gain character-
istic and linearity of a single cathode-follower stage in @
typical common-cathode video mixer circuit for three values
of cathode-load resistance. Note that the largest value of
cathode-load resisistance offers the largest gain and pro-
vides the greatest range of linearity; whereas, the smol-
lest value of cathode-load resistance provides less gain
and poor linearity, Furthermore, the odditive factor for
time-coincident input signals will increase for the lower
values of cathodedoad resistance because the stage qain
decreases; as a result, less cross-biasing is produced by
the combined output signals developed at the common
cathode-load resistor.

As previously stated, the cutput of the common-cathode
video mixer for signals in time coincidence is always less
than the amplitude of the largest input signal and greater
than the output obtained from either input signal alone., An
indication of the amount of cddition of two signals in time
coincidence is given by the odditive factor, The additive

ORIGINAL
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Additive factor = 100 -':—RE_—EL{—
L

where Eg = resultant {combined) cutput voltage for
inputs in coincidence

Ewn = output voltage for highest input level
EL = output voltage for lowest input level

The effect of the value of cathode-load resistance (R3)
upon the combined output pulse amplitude and the additive
factor can be seen by comparing the results cbtained when
using different values of cathode-load resistance. In the
ficst example, a 4700-chm cathode-load resistor is used;
in the second example, a 150-chm cathode-load resistor
is used.

a. The velue of cathode-load resister for a video
mixer is 4700 ohms. Assume two positive input signals
of 4.8 and 4.1 volts amplitude and corresponding output
signals of 3.6 and 3.0 volts amplitude. When the input
signals are in coincidence, the measured cutput-signal
amplitude is 4.2 volts, Using the formula given above to
determine the additive factor:

Given: Ex =4.2
Eu =36
Er =3.0
Therefore:
Additive foctor = 100 22238 o509 38
= 20 percent

b. The value of cathode-load resister for the video
mixer is changed to 150 ohms. Again, assume two posi-
tive input signals of 4.8 and 4.1 volts amplitude and corre-
sponding output signals of 2.0 and 1.8 volts amplitude.
When the input signals are in coincidence, the measured
output-signal amplitude is 2.8 volts. Using the formula
given above to determine the additive factor:

Given: Er =2.8
Eg =2.0
EL =18
Therefore:
dditive foctor = 2.8-20 _pnl8
A lDO 1.8 o 1.8
= 44 percent

In the two examples qiven above, when the cathode-
load reststor is decreased in value, the gain is also de-
creased; however, as the gain is decreased the additive
factor increases. Conversely, as the cuthode-load resistor
is increased in value, the gain approaches unity; however,
as the gain is increased, the additive foctor decreases.

The accompanying waveforms illustrate the signal-
combining characteristics of a typical basic common-
cathode video mixer for four different signal-input condi-
tions. In part A of the illustiation, a 4-volt pesitive input
pulse is applied to one input only, and the resulting output
is a 3-volt signal. In part B, a 4-volt input pulse is applied
to each input, and the resulting cutput is a 3,6-volt signal.
This output siemal results from the additive mixing effect
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when two input signals of equal amplitude and pulse width
combine to produce an output pulse which is greater than

the 3-volt cutput signal of part A {resulting from only one
input signal) but which is less than either input signal. In
part C, two equal~amplitude input signals of unequal pulse
width are applied to the video mixer circuit This waveform
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poses, upon termination of the short pulse, the output can
be assumed to be the result of g single input signal. In
part U, two equal-amplitude input signals which are not
time-coincident combine to produce a series of 3-volt out-
put pulses, This condition 1s representative of time-
delayed or random pulses (neither input signal in colnci-
dence) and, therefore, euch signdd produces an outpui
voltage similar to that obtained in part A with one input
signal.

In some radar applications, especiclly where the cutput
pulse information is displayed on o cathode-ray tube indi-
cator as video or runge marks, it 15 desirable to provide
some fomn of limiting for time—coincident pulses su that
the output voitage will be the result of the largest siqnal
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qrid bias, and the signal does not appear in the output
developed actoss cathode-load resistor B3, As can be
seen from this example, the largest input signal at any
instant of time effectively takes over the circuit and masks
input signals of lesser amplitide, This is true provided
that the time—coincident signals have the same pulse width
(duty cycle); however, if the signals are of different pulse
widths and of sufficient amplitude to overcome the fixed
bigs, the signal with the longest pulse width will always
appear in the output.

FAILURE ANALYSIS,

No Output. The common-cathode video mixer circuit
is similar in many respects to a cathode-follower circuit
insofar as failures are concetned. Failure of the plate
voltage supply will disrupt operation of the circuit, as will
an open circuit in the cathode. With a tube known to be
goed installed in the circuit the filament and plate voltages
should be measured, as well as the d-c voltage developed
across the cathode-load resistance, to determine whether
the applied voltages are within tolerance and whether the
cathode resistor, B3, is open. Bach input should be checked
with an oscilloscope to determing wheather signals are
applied to the circuit and whether they are of the nroper
amplitude. Lack of signals at the grid of V1 or V2 can be
due to an open coupling capeaciter {C1 or C2) or to failure
ol the external input-signal source. The output circuit
shouid be checked to determine whether the load impedance
has decreased or whether the output is shorted. Such a
condition would effectively place the cathode 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, Alsg, if the output is taken
through an output coupling capacitar, an open in the capa-
citor would prevent signals from reaching the stage follow-
ing the mixer.

No Mixed or Combined Output. Assuming that applied
voltages are within tolerance and the tube is known to be
good, each input signal should be checked with an oscil-
loscope to determine whether both signals are of comect
amplitude and are present at the respective grid of V1 and
V2. Lack of a signal at the grid of V1 or V2 can be due to
an open coupling capacitor (Cl or C7} or failure of the ex-
temal input-signal source. If the circuit uses fixed grid
bias t¢ place each tube at or near plate-curtent cutoff, the
applied bias should be measured at each grid to determine
whether the bias voltage is excessive, thus preventing
signals from combining in the cathede circuit.

Low or Distorted Output. If capacitor Cl or C2 is
leaky or shorted, any value of d ¢ voltage present at the
input from the previous stage will be applied to the grid of
V1or V2. If the grid is made positive as a result, the tube
will conduct additional plate curtent and cause the cathode
voltage to be higher than nomal. Thus, positive pulses on
the grid will be severely limited in the cathode circuit,
Where fixed bias is applied to the grid of V1 and V2, a
leaky or shorted coupling capacitor C1 or CZ will cause
voltage-divider action to change the value of bias at the
grid, This will cause the tube to shift its operating point
on the Eg - I, characteristic curve. Depending upen the
previous stage and the input circuit configuration, the bias
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may be shifted to place the tube in either the cutoff or sat-
Jration region,

1f the cathede-load resistor (R3) is paralleled with a
terminating or impedance-matching resistot, o decrease in
the value of either resistance will affect the output voltage,
Also, if the output is token through an cutput coupling capa-
citor, a shorted capacitor will affect the cutput voltage,
since the impedance in the cathede circuit will be decreas-
ed and a d-c path will be provided in parallel with the
cathode-load resistance.

COMMON-PLATE YIDEO MIXER.

APPLICATION,

The commen-plate video mixer circuit is used to com-
bine twe (or more) input video or pulse signals. The mixer
circuit nomally has scme gain, When two positive input
signals are in time-coincidence, the circuit performs alge-
braic addition to produce a combined output signal which
is of greater amplitude than the output praduced by either
input signal alone.

CHARACTERISTICS.

Produces inverted signal in output; input signals of
positive polarity produce output signals of negative polar-
ity. The circuit is capable of combining small negative in-
put signals to produce positive output signals.

(3ain of normal video mixer (as designed) is slightly
greater than unity for single input signal; gain is always
greater then unity for time-coincident input signals.

When more than two input signals are to be combined,
additional common-plate video-mixer circuits may be con-
nected in parallel with little change in operating character-
istics.

Output impedence is approximately equal to the value of
piate-load resistance at low and medium frequencies, but
decreases at high frequencies unless compensation is used.

High-frequency compensation, if required, is accom-
plished by the addition of a series plate-load inductance or
a cathode bypass capacitor of relatively small value,

CIRCUIT ANALYSIS,

General. The basic common-plate video mixer com-
bines two positive input signals, The circuit is fundamen -
tally two video amplifiers in parallel with a common plate -
load resistance. The output polarity is negative, and the
combined signal is taken from the plate circuit,

The common -plate video mixer has good adding charac-
teristics for signals in time-coincidence. For this reason,
when the input signals are time-coincident, the circuit may
not be satisfactory for certain radar applications unless
modifications are made to reduce the adding effect and
prevent overloading of subsequent video amplifier stages.
In some applications the video mixer circuit is followed
by a limiter or cathode follower, or each input is preceded
by a limiter. The circuit described here purpesely has a
very low plate-load resistance and an unbypassed cathode
resistance, to keep the qain as low s possible. Also, the
use of a low value of plate-load resistance makes ftequen-
Cy compensation unnecessary.
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Circuit Operation. The accompanying circuit schema-
tic illustrates two triode electtor tubes in a common -plate
video mixer circuit. Electron tubes V1 and V2 are iden-
tical -type triode tubes; although the accompanying sche-
matic illustrates two separate triodes, a twin-triode is
commonty used in this circuit. Capacitor Cl couples one
input signal io the grid of Vi; capacitor C2 coupies the
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Basic Common-Plate Video Mixer Circuit

cther input signal to the grid of V2, Resisters Bl and R2
are the grid resistors for Vi and V2, respectively, Resis-
tor H3 is the common plate-load resistor for VI and V2 and
is generally a low -value resistance. Capacitor C3 is the
output-coupling capacitor, Resistor R4 is the common
cathode-bias resistor. The circuit utilizes a low value of
piate-ioad resistance 1o achieve an exuemely short rise
smennoighitreguehey sonpsesatsnilnlasslsedindug:
tance or cathode bypass) is used. 'ﬂ]e unbypassed cathede
resistor makes the circuit degenerative, ana Glso keeps the

stage gain stabilized e'h\-mm'hmw the i1fe of the tube 1o com-

pensa e for tube aging. The tolerance of comuonent values
in this circuit is nat critic

Ll 0= —perCent - tniernnde s

nomally used,
When voltaae is fizst g
{cf V1 and V2) are at zerc biss, -31-4 _Ln: combined plate
current of tioth tubes passes through common-cathnde re-
sistor H4 to quickly establish the no-signal, or quiescent,

Fige  The olastean & ihoe ‘“ and U"J aro acsy ieod o ho

GO nl CLeCUGH (Lalo, ana Sy

oL

identical-type tubes, ot a smqle-envelope twin-triode
with identical ch@ocienistics; however, g small unbalance
in tube characteristics will not greatly affect the circuit
operation,

let’r (H( Ull 1= ‘\llnll‘lr o (ne rjr‘errﬂ_lnn nl mw l[:_r_\r“lf—l \nr]f-r\
amplifier, described in Section §, when the input signals
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are not in time-coincidence. For example, assume a con-
dition where a positive pulse is applied to the input of V1
but no signal is applied to the input of V2. In this in-
stance, as the input signol to V1 increases in a positive
direction, the plate current of V1 increases, causing an
increased voltage drop actoss plote -load resister R3;
theretcre, the voltage at the plate of V1 talis. As the input
signal to V1 falls, the plate current decreases to its former
value, causing a decrease in the voltage drop across plate-
load resistor B3, and the plate voltage at V1 retumns to its
former value. Thus, d positive-going pulse applied to the
grid has produced a negotive-going pulse ot the plate,
resulting in signal inversicn, However, since the cathode
resistor, R4, is not bypassed degeneration is introduced
i the i L,uu, Iriitelivetc mg.m.u G:':'V'E:iuy!:u GCICES Cathods
resistor R4 resulting from the change in V1 plate current
is in phase with the mput signal: therefore, the amplitude
of the instantgneous arid-to-catnode signai voitage of Vi
is reduced. The stage gain is also requced, and, as a re-
sult, the amplitude of the negative signal developed in the
plate circuit is effectively limited. The plate-load resis-
tor, B3, is purposely a low value of resistance, and be-
cause of degeneration in the cathode circuit (resistor B4 is
not bypassed) the gccin of the stage is practically reduced
to unity for o =i
Note that as the plate curent ot V)] increases with sig-
nai, the voltage developed across cathode resistor H4 also
incregses, and that this instantaneous voltage, in tumn,
changes the no -siqncl bias for the grid of V2, Thus, the
instaniaeous vuuaqe HICIeaSe, u:vt:xupr,nx zcross cathede
resistor R4 by the signal applied to V1, appears as addi-
tiona! bias to the arid of V2 and effectively decreases the
plate current of V2 through the common plote -load resistos,
R3, and the common cothede tesister, R4, The net result
is a limiting of the maximum instantanecus signai current
thiough R3 and R4 because of the cathode-follower action
of V1 and the degensrotive action of V2, Thus, the neg -

g_le mn\_]i :m‘nm

ative output-signal amplitude at the plate for one input
signal is only slightly greater than the original lnput-
signal ampiitude.

The cperation of the common-plate video mixer when
two positive input signals ere in time-coincidence produces
addition of e sigaus, W ygive u cumbined nequidve Gui-
put signaj which is always greater than either of the two
commdmt mput signais cmd cn'eater thcm the output :.mnal

In pmr_‘!__ice tha ciemuit fe nomally sunolied positive mput
! , th uit is nommally sunplied pesitive input

puises. Olule Uie Quin Chaluctenlsie s nondinew, o small
positive input puise will produce a negative output pulse
which 18 only siightly greater than the input {gain approx-
imately unity}; whereos inpu* pulses from approximately 3
15 § volts result in 3 qain qreuier ﬂ"ur un.ty and input
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Gain Characteristic of Common-Plate Mixer

Two additional tubes can be paralleled with the mixer
circuit, if desired, 1o provide four inputs, If the volues of
the plate and cathode resistors (B3 and R4) are not changed,
the gain of each stage will be reduced to half the gain ob-
tained for two tubes; however, if cathode resistor R4 is
reduced accordingly to keep the bias approximately the
same as for two tubes, the gain of each of the four tubes
will be slightly greater than unity.

An indication of the amount of addition of two signals
in time coincidence is given by the additive facter, The
additive factor {in percent) is expressed as:

Additive factor = 100 .E—T“_—EH
FL

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

En = output voltage for highest input level
Ei = output voltage for lowest input level

The signal addition occurring at the plate as a result
of combining two time-coincident input signals compared
to the output obtained for a single input can be seen from
the measured results obtained from a typical common-plate
video mixer, The mixer in this example used a plate-load
resistor (R3) of 680 chms, o cathede resister (R4) of 270
ohms, and ¢ supply voltage (Exp) of 150 volts. Twe equal
positive input signals of 3.5 volts amplitude produced equal

corresponding negative output signals of 4.0 volts amolitude.

When the two input signals were applied to the mixer input
circuit in time~coincidence, the measured output-signal
amplitude at the plate was 5.2 volts. Usiny the lormula
given above to determine the additive factor:
Given: Er =6.2

Ey =E¢ =4.C

ORIGINAL

900, 000. 102 MIXERS

Therefore: Additive foctor =

100 8.2 = 4.0_ 10g 22

10 20 = 55 percent

From the example it is seen that the common-plate video
mixer combines time-coincident input signals in an additive
manner.
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Theoretical Signal-Combining Characteristics of Basic
Common-Plate Yideo Mixer

The accompanying waveforms iliustrate the signal-
combing characteristics of @ typical basic common-plate
video mixer for two different signal-input conditions. In
pert A of the illustration, @ 3.5-volt positive input pulse
is applied to one input only, and the resulting negative
output is a 4~-volt signal. In part B, a 3.5-volt input pulse
is applied to each input; the pulses are of equal amplitude
but are of unequal pulse width {duty cycle). The resulting
combined output signal is a negative pulse which is 6.2
volts maximum amplitude when the twc signals are time-
coincident. Note that the longer input pulse produces g
4-volt output signal end that, when the short input pulse
is opplied to the circuit, the combined output signal is in-
creased to 6.2 volts for the duration of the shert pulse.

This type of mixer cannot prevent overloading of sub-
sequent video amplifier stages by time-coincident input
signals; therefore, the mixer is usucily tollowed by a
limiter stage to limit the output signal applied tc the video
amplifier chain. The limiting level is determined by the
highest output-signal amplitude resulting from one input
signal; any additional output-signal amplitude resulting
from two input signals i{n time-coincidence will result in
clipping at the limiter stage.
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FAILURE ANALYSIS,

No Output. The common-plate video mixer circuit is
similar in mony respects to a video-amplitier circuit insofar
as failures are concerned. Failure of the plate-voltage
supply will disrupt operation of the circuit, as will an

open circuit in the cathode. With ¢ tube known to be good
installed in the circult, the flament and vlate voltages
should be measured, as welil as the d-< voitage developed
across the cathode resistarn Cé, 10 determine whethar the
applied voltages are within tolerance and whether the
plate-load resistor (B3) or cathode resistor (R4) is open.
cach input should Le checked with an oscilloscope to deter-

mine winther g ;..GLS are apgliies o the sinmaiy I‘.¢ whether
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der wit i j ~ing stags.
the input resistor of the followmg stage is returned to
ground of 1o 2 negative supply, the voltage at the plates
of V1 and V2 will be reduced, and the operation of the
following stage will be upset by the change 1n voltage ap-
plied to the qrid,

No Mixed or Combined Output. gt th
plied voltages are within tolerance and the tu is krown to
be goed, each input signal should be checked with an os-
cillcscope to determine whether it iz of correct amplitude
and is present at the respective qrid of V1 r:n'i V7. Tack
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Low or Disterted Qutput, If one input coupimc capaci-
tor (C or C2) is leaky or shorted, any value of d« voltage

present at the input from the previous stage will be applied
1o the and (Y1 or V21 by voltogedivider antien of the
voithe gudd ¥l ar Byreritage 0 elEie

capacitor and grid resistor (Rl or B2), If the grid is made
positive, the tube will conduct additional plste current and

cause the cothode valtage devaloned aoross R4 1o ke
e age oped aoross Rt

higher than normal. Thus, the bias of one tube is shifted
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voltage. Since the input uises are pasitive, it 1s possible
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