Multichannel Audio

Mixer-Preamplifier

HAROLD REED*

Circuitry for mixing a number of low-impedance inputs can become complicated when attention is
paid to correct impedance matching, and losses are likely to become excessive. The use of a trans-
former between the network and the succeeding amplifier will eliminate the effect of the losses.

UDIO FREQUENCY MIXERS comprising
three or four inputs or channels
are quite common and present no
serious problems in design and construc-
tion. With an inereasing number of in-
puts, greater difficulties are encountered.
Loss of signal voltage between the input
and output of the mixer inereases as the
number of channels is increased. This
alone may not be considered too serious.
But when we give our attention to hum
and noise figures we realize the impor-
tance of large losses in mixer cireuits
which may vesult in a signal-to-noise
ratio figure so low as to malke the over-
all operation of the mixer unacceptable,
even for ordinary non-critieal use.
Using individual, low-impedance-to-
grid input transformers and a single-
stage preamplifier for each input channel
¢an overcome all problems exeept one.
That is, the cost of the unit. With this
arrangement, however, several advan-
tages ave immediately observed. The low
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output voltage from each source, say a
microphone, is at once given a step up
by the input transformers. If we use a
H0-ohm-primary to 50,000-ohm-second-
ary transformer, a type frequently used
tor this purpose, the voltage step-up is
equal to the turns ratio or the square
root of the impedanee ratio of the trans-
former. In the example under discussion
this amounts to /50,000/50, or approxi-
mately 33.

Now if we connect a low-impedance
microphone with a rating of —~55 db,
(reference, 0 db=1 mw/10 dynes/em?),
which gives 0.4 millivolts across the 50-
ohm input, then 0.4 mv maltiplied by 33
vesults in abouf 13 mv across the trans-
former secondary and available at the
grid of the preamplifier input. So, we
got off to a good start. However, the use
of cheap, poorly constructed transfor-
mers can offset, and in some instances
to a considerable extent, the advantage
of the voltage gain just cited due to
greater a.c. hum voltage on the grid
whieh may be picked up by the trans-

Fig. 1. The author’s
complete ten-chan-
nel mixer and its
associated pream-
plifier can be built
in a small sloping-
front metal cabi-
net.
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Fig. 2. One type of mixing network—
series-parallel—which is often used for
several inputs.

series-parallel—which is often used for
several inputs,

former from nearby a.c. fields. Good-
quality, well shielded fransformers
shonld be employed. Evidently, then,
this is a large item, from the cost stand-
point, when we are considering say, a
ten-channel mixer which would require
ten transformers and ten preamplifiers.

Of the many ecirenit configurations for
input mixers one that offers least loss is
the series-parallel arrangemenf. A cir-
cuit for a ten-channel mixer using this
type of eivenitry is shown in Fig. 2. This
is for ten, 50-obin sources. For a total
number of inputs other than ten and for
different values of input impedance R,
the value of RE,, the series resistor and
R,, the output impedance, may be found
by two simple equations. R,=R(N-
3)/N and R,=4R(2N -3)/N2 Tt wil
he seen in Flig. 2 that the mixer output
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Fig. 3. Inexpensive ten-channel mixing network, using simple potentiometers instead

of T-pads.

works into a 50-ohm-t0-50,000-0hm trans-
former. The §0-ohmr. primary is a-close
mas$eh for the mixer output. The trans-
{former provides a voltage step-up of 33
as mentioned previously. The loss in the
mixer cireuit is a little over 13 db.

Suppose we round the mixer loss figure
off to 14 db and use a mierophone with
a rating as given previously. A 0.4-milli-
volt signal to the mixer input will then
be down 14 db or redueed to 80 miero-
volts, sinee db =20 times the log of the
voltage ratio.) This voltage is applied to
the transformer primary. The signal at
the secondary will be 2.6 millivolts which
may be fed directly to the input grid of
an amplifier.

The attennators, R, of the foregoing
cireuit must be of the constant-imped-
ance, zero-insertion-loss variety. Good
attenuators of this type do not come

Vavuee Dualie wo vr fwed vusduesey ot
ance, zero-insertion-loss variety. Good
attenuators of this type do not come
cheap. Ordinary potentiometers are not
suitable. Wirewound T-pad attenuators
can be used but will be noisy when
varied. However, if the controls are pre-
set for certain levels and not used for
extensive “gain riding” they may prove
satisfactory and they are relatively in-
expensive. One type is the Mallory T
series available in fourteen different im-
pedances.

Practical Circuit

A very inexpensive method of con-
structing a ten-channel mixer will now
be considered. The cireuit arrangement
is given in IFig. 3. In this cireuit po-
tentiometers are used. They should be of
good quality such as the Ohmite “AB”
type. The circuit shows 50-ohm controls
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but, of course, other ohmie values may
be substituted. For 10 inputs the mixer
loss is about 20 db. Using the same type

AAAAA
yYYYVYY

R2

LA

Zl R1

[ ]

Zd

AAAAA
VY

Z, = NOMINAL IMPEDANCE
Rl =25x1Z

Rzi= 2.

ZIZ 07 1o LixZ,

22% 07 xZoto O

Fig. 4. Alternate arrangement used to
maintain input impedances at a more
constant value.
rig. 4. Alternate arrangement used to
maintain input impedances at a more
constant value.

of microphone as discussed in the fore-
going cirenit, 0.4 millivolts is applied to

the mixer input. With a mixer loss of 20
db the signal is reduced to .04 millivelts
at the 50-ohm transformer primary. The
transformer voltage gain of 33 provides
a 1.3-mv signal to the grid of the pre-
amplifier which is one half of a 12AX7
tube.

The 12AX7 input stage has a voltage
gain of 47 whieh boosts the signal to 61
millivolts at the 12AX7 plate. The other
lialf of the 12AXT serves as a cathode
follower stage which, theoretically pro-
vides no voltage gain. However, the sig-
nal measured at the cathode follower
output was 66 millivolts, which, of
eourse, is a negligible difference over the
input signal.

The eathode follower has the advantage
of low-impedance output and therefore,
the mixer and preamplifier can be op-
erated at a reasonable distance from the
main awmplifier or recorder. The 66-mv
signal is more than sufficient to work
into the high-impedance microphone in-
put of an amplifier or tape recorder.

Interaction between the channels
amounted to a maximum of just 3 dh
variation in output for any setting of
the controls. This is for the worst con-
dition, that is when feeding a signal to
one input and varying the other nine
potentiometers from minimum to maxi-
munm positions,

Tor applieations where it is preferable
to maintain a more constant load im-
pedance on the mierophone or other
sound sonree, the ecirenit of I'ig. 4 may
be used instead of a simple potentiome-
ter. With this arvangement, the input
impedance ranges from about 0.7 to 1.1
times the nominal value, When the arm
of the potentiometer is at the top, the
input impedance is equal to the nominal
value shunted by 2.5 times the nominal
value. When the arm is at the bottom,
R, replaces the load and consequently
the input impedance is the same as at
the top. In the center, the impedanece is
equal to twice the load impedance
shunted by 2.5 times the load, which is
abont 1.1 times. This will improve the
loading on certain types of microphones.

Anv nower sunnly with an aninnt
about 1.1 times. This will improve the

loading on certain types of mierophones.
Any power supply with an output
from 200 to 250 volts can be used for
(Continued on page 76)
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Fig. 5. Power supply used for the
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amplifier in the mixer.

AUDIO e JANUARY, 1958



AUDIO MIXER

(from page 28)

the preawp. A simple balf-wave, voltage-
doubler, selenium-reetifier  type  that
praved satisfactory in one ense wos useld.
A full-wave eivesit which will result in
n lower ripple somponent s given i
Fig. §. This is highly recommended aver
the half-wave type.

Tao reduce bum to inimum a §0-
ohm ham-bucking potentiometer aud 27
volts of bins were used in the heater
cirenit a8 shown in Fig. 5. The powar
supply wis coustructed ou a small sepa-
rate chassis and located as far s possi-
e from the preamplifier chassis,

Hum was quite a problen when an
apm frame power transformor wos used
and the completed it was boused in o
steel cabinet. Under these eonditions
eritical orientation of the power truws-
former with respoct to the mixer trans-
former was roquired to redoce magnotic
conpling. It was necessary to use a com-
pletely shielded power bransfovmer, &
woll shielded mixer transformer and to
house the uuit in an alwnioum cabinet
with sluminum panel, All leuds should
and direct s possible.

The mixer shown fn Fig. 1 was
honsed in & very small cabioet, Although
it resulted in an extremely compact anit,
considerable enve was required in Toeat-
ing and orienting the transforsers, The
b r mny minimize ese prolilens
with the use of & wider eabinet to allow
greater spocing  between  hnm-eritical
component parts.

Although this is probably the most
inexpensive, pmhul eirenit for o ten
channed mixer it gwna satisfastory per-
formance and is suitable for many sp-
plieations. ¥4






