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ELECTRICAL COMMUNICATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

MIXER CONTROLS FOR DYNAMIC AND RIBBON
MICROPHONES

1931, the General
ompanyannounced
652 Volume Con-
trol for microphone mixer

work in all
nce that time,
many hundreds of these units have
been sold and operated with uniform
success. Their performance has proved
to be so reliable that they are widely
ueed in talking motion-picture record-

3

and general gain-cont

sorts of voice circuit

ruin completely an expensive shot.
The advent of the dynamic and rib-
bon microphones has brought up a new
consideration in the design of micro-
phone mixer controls and a new
eral Radio unit for this
Condenser microphones having a
very high impedance necessarily work
into the grid of a vacuum tube. Thei
output therefore s always pre-amplified
the mixers. Incidental

work.

before reachi

ion has heen the fact
done at a relatively

10 this ampl
that the mixing

high level. The ribbon and dy
microphones both have a low impe-
dance,and,for this reason, itis desirable
t0 arrange the mixers so that they op-
e directly from the microphones.
'his system does away with the all pre-
amplification and the microphone vol-
ume controls operate at a much lower
level than is the case with condenser
microphones. This accentuates the ne-

for a nojseless mixer control

Volume (,nrmul

has been designed with the following

most important requirements in mind:

(1) The most noiseless electrical oper-
ation possible.

climinate any possibilities of me-
chanical or electrical breakdown
lase of installation and mainte-
nance.
od frequency characteristic.
(5) Small physical size and low weight
table installations.

(6) Low price.

The greatest cause of electrical noise
isa minute potential generated between
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Txek 653 Volume Con-
» emooth {ncresso I sticomation
cro 0 cutoll at a noise level lower than
-».p lud(gmlmd oise ley

eyt e

the contacts due to the fact that unlike
‘metals in contact in air generate a small
electrical potential. Another important
source of noise is due o
nection between the switch arm and
the contacts. The older TyrE 6:
ume Control is a slide-wire device in
which an Advance metal slider oper-
ates across a resistance form wound
with Advance wire. By using identical
metals in this way, the contact ne
was reduced to a very low value. In-
herent, however, in slide-wire controls,
is the difficulty in obtaining a sound
contact between the slider and the re-
sistance form. The new Tye: 653 Vol-
ume Control is a step-by-step device. A
three-bladed switch slides over the con-
tact points, making a firm and unvary -
ing connection with each one. The best
‘material available for such a switch is
phosphor bronze. It would be ideal to
make the switch contacts also of phos-

isecure con-

phor bronze. but this is not practicable,
from the standpoint of wear, as the two
metals do not operate well together
mechanically. The contacts are made of
a bronze alloy, which has been devel-
oped as a result of long experience in
" ion decade boses. The
combination of these two metals results
in no detectable contact potential, and
e use of a well designed and stifl
3deal switch provides a firm me-
chanical contact. After thousands of
operations, the contacts show no appre-
ble wear.

The resistance units are wound on
cylindrical spools which are a part of
the bakelite moulding carrying the con-
tacts. This results in a rigid construc-
tion that will withstand any kind of
rough usage which may he encountered
in field work. Reference to Figure 3 will
show the details of this mechanical
nstruction. The whole assembly is in-
terchangeable with the Tyek 652 Vol-
ume Control and other standard con-
trols. The dial plate which carries the
calibration in decibels serves as a drill-
ing template for the mounting.

The circuit is a ladder network.
Thirty-three steps are used and the at-
tenuation is about 1.5 decibels per step.
Actually, the switch bridges two con-
tacts in its travel, approximately haly-
ing these steps. This increment is much
smaller than can be detected by car and
it provides, therefore, a very smooth
regulation of the volume. The ladder
network s designed so that the attenu-
ation is linear with angular rotation
of the control knob for the first 20 con-
acts. Towards cutoff or infinite attenu-
ation, the attenuation characteristic
has an increasingly steeper slope, the
attenuation per step rising above about
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45 decibels. By this means a progr
can be faded out completely without in-
troducing an abrupt cuto

The electrical
output impedance remains constant
over the useful part of the scale. The
output impedance remains at the nom-
inal value up to infinite attenuation
which is valuable, because if several
‘mixers are set at zero output (that is,
attenuation) they will cause no
e e

The question of defining in quanti-
tative units the noise level of a volume
control is rather difficult. A pair of high-
resistance head telephones  bridged
across a circuit operating at zero level
(0.006 watts) will provide an extremely
loud signal. A level of about 10 decibels
below this will still give quite an appre-
ciable signal in the phones. I, as often
happens, an amplifier having a gain of
100 decibels precedes the circuit just
mentioned, a noise having a level of

Ficuus 2. This unique constu
tecs ruggedness and a flat frequency character-

ed

g ¢ in insulated and
it the frime i a€ ground potential
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jonguaran-

—140 decibels will still be detectable in
the headphones. For this reazon a vol-
ume control which is used in low-level
ircuits must have an inherent
noise level less than 140 decibels.

The nature of the noise from a vol-
ume control depends upon the manner
in which it is used. However, it is
erally most objectionable when the con-
trol is turned very rapidly. By using
great care in the design of a high-gain
amplifier this noise can be amplified to
a point that will j dicate on the
most. sensitive meters. The measure-
ment is complicated by the fact that a
carefully designed volume control will
have a noise level so low that it is
largely overridden by tube noise and
extraneous pickup in the amplifier.

zen-

be too low tointerfere with voice-circuit
operation even when worked in a dy-
namic microphone mixer at the micro-

nated from Tyer 653
through the use of a pr
assembly and

gible contact potential with

2
switch blade
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"scALE ReAdING -DECIBELS.
Volume Controls gives the linear at
ol \mpulmu« a.om. i the amcimparying v

tion increases by increments of
o Tor all practical parposes, continuous

ch General Radio Txpe  cated exceeds this arbitrary level, the
ntrolis given such a test  control is rejected In this ]
shipped. If the noise indi- e known that the no

Fiouss 5. Inspectig Tres 653 Volume Controks for aeise Every General Radie volume
1y Lented for moists aticnuation, and. impedance, as well 4 the uual
pection
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terference point so that when it is put
in service no difficulties will arise.

In addition to this noise test the con-
trols are also individually tested for the
important mechanical and electrical
characteristics.

The frequency characteristic is re-
‘markably good. A serics of experiments
conducted in our laboratory indicates
that a given control has no measurable
change in ts attenuation characteristic
by comparison with a precision atten-
uation network for any frequency be-
tween 1000 and 10,000 cycles. The
impedance also does not vary with
frequency.—A. E. Tuissex

T¥eE 653 Volume Controls are made
200-, and 500-ohm cir-

50 obms
200 ohms
500 ohms

Prices $12.50, cach

Tiar Orven—Send us your order
for one or more of these new volume
controls. Try them out for 10 days.
Then, if you don’t want to keep them,
send them back in good condition and
we'llcither cancel the invoice or refund
your money if you paid cash.

RECEIVER TESTING IN THE ULTRAHIGH-FREQUENCY BANDS

ECENT developments have indi-
R e s racio e
transmission band around 56 mega-
s (5 meters) holds many i

& possibilities. The general usefulness
in communication work of higher fre-
quencies than those now commonly
used has led many radio receiver de-
signers into the investigation of the
band above 30 megacycles.

To meet the need for an inexpen
instrument for measuring and tes
the receivers at these ultrahigh m-.
acies, the General Radio Company
has developed a new standard-signal
generator embodying many interesti
design features. It will operate at fre-
quencies from 3 megacycles (100 me-
ters) o as high as 100 megacyeles (3
meters). Careful consideration of the
requirements for a standard-signal gen-
erator 1o work in this band shows that
part of the problems that are encoun-
tered in the design of the signal gen
ator involve both the signal generator

and the operation of the receiver under
test when conneeted to

One difficulty, ver
frequen
broadeast frequencies, is that the per-
formance of a receiver depends, 10 a
large extent, on the impedance of the
antenna_connected to its input ter-
minals. In the more claborate broad-
ers, that influence is

v careful design

g ce of sensitivity

Conditions are different i reccivers
using regenerative systems, at high
frequencies in particular. It is for this
reason that the Ty, 04-B Test-Signal
Generator is arranged for coupling to
the receiver under test by means of an
antenna as well as the conventional
shiclded cable.

When using the one and one-half-foot
ductance cable. particularly at
frequencies above 50 megacycles, it
must be kept in mind that the input
voltage at the receiver may be different

serious at high
and almost negligible at

pur-
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6048 Tes.
an sl be i
‘he panl. Tho o
af can bo stored

from the output voltage of the
generator. Depending upon the imped-
ance of the cable .md the impeda
the r i voltage to the
receiver may be r.wh.-r or lower than

gnal

at the signal generator. For
te frequency, however, ac-
nparative values can be ob-
tained, as long as the receiver input im-
pedance is

Itis to avoid many of these difficulties
that arod-type antenna is provided. By
connecting any or
a second output tern
of the generator, and by changing the
distance between tes

nchanged.

of three antennas to
Lin the cover

al generator

and receiver, a wide range of field

strength values can be obtained at the

receiver. This method of testing has the

se that the receiver can be used
ction with its proper antenna

it possible tochoose

ows a functional sche
agram of the Type 604-B

58
sentially of thn oscillating circuit, the
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' conipartment

rock

attenuator, and the modulating system.
The oscillator is a 31-type tu
o et abla el Seeaatd
and 150 volts. The higher plate volt-
ages are necessary ouly to obtain suf-
nt amplitude at the highest fre-
quencies. The variable condenser of
the tuned circuit has a ma
nce of 60 uut. The capac
limits the frequency range of
the coil to about 1 to 1.4 and to some-
what less at the highest frequency. The
inductors are pl
designed to have a small ind
Thirteen coils are supplied to cover the

e, with

ze between 3 and 100 m

eycles, space for the twelve spares be-
ing provided inside the cabinet

ted in
series with the grid-leak of the radio-
frequenc or. This is used for

suring the carrier amplitude. The
ial control of amplitude depends

A" micro-ammeter is conne

y oscillator

ng
upon the voltage applied to the plate
and is adjusted by means of a poten-
tiometer provided for this purpose.
method of amplitude indi

he

tion de-




FEBRUARY, 1933 — VOL. VIl—No. 9 7

pends upon the fact that the amount of
rectified grid current will depend upon
the grid mlng of the tube, independent
of frequency. The grid current is always
set at one wl.m that corresponding to
an attenuator input voltage of 10 volts,

It has been found by carcful test
that, over the entire range of frequen-
cies, no error greater than 107 will be
‘made. This error is inconsiderable when
it is remembered that inaccuracies of
this order of magnitude can be expected
at frequencies as low as 25 megacyeles
when thermocouples are used.

The most complicated problem in
the design of the Type 601-B Test-Si
nal Generator was the attenuator and
output system. The hest resistance af
tenuators operate quite satisfactorily
up to perhaps 30 megacyeles but, due
1o unavoidable inductance and capaci
tance of the resistors, they are not us-
able over the higher frequency ranges.

A capacitance attenuator was se-
lected as the best available, because of
its small frequency error and simplicity
of construction. It is i
stages, the first of R o
voltage from 10 volts to 1 volt for ap-
ation 10 the antenna terminal.

The second stage consists of two con-
densers, one adjustable by the output-
control dial and the other fixed. The
jack for the output cable is connected
in parallel across the fixed condense:
The maximum voltage available at th
jack is 10.000: minimum, 5 microvolt

Capacitances of the order of 0.001 uf,
such as are required for the attenuator,
cannot be used without elaborate pre-
cautions. Th
tenuator is operated by means of the
large dial at the right of the panel.
Through a rack and pinion-gear ar-
rangement, the dial drives a conica
plunger that moves in and out of a re-
cessed plate which is the stator of the
condenser. The distance hetween the
plunger and the plate determines the
effective capacitance of the system.
Th ance variation s such that

variable-condenser-at-

o o

the oul]nll voltage from the attenuator
varies almost logarithmically with an-
gular rotation of the dial control. The
electrical parts of the attenuator are
carried in a cast aluminum housing.

As mentioned hefore, two sets of out-

604-B Test-Signal Generator. The an-
tenna terminal s set for a constant

cAPACITANCE.
TTENUATOR

¥

e

=

Fioune 2. Fun

534 Main Strost, Wostbury, NY 11590
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value of 1 volt, and has an internal out-
pedancecorrespond
nce of about 90 uuf. Thi

antenna. Ttis located al
ter of the cal
the metal |

tin the cen-
inet cover. In this way,
iz of the cabinet acts as a

l

anterpoi

form field. na
three sectic lengths of which are
osen that the second and third ones
give 10 times and 100 tim
strength obtained with the

The second output terminal is the
i K located in the center of the panel.
nternal output impedance corre-

ds 10 a capacitance of 200 uuf and
dependent of atte
Tyee 604-B Test-

e

front of the

T

ator s careflly shiclded and the stray  the’ carer-fequency el i the ihond

1 the cabinet

field is so small th

¢ will not affect
racy of any measurement on & yoltage applied to the external modu
within the output voltage lation terminals is 10 be set o a value

corresponding 1o the calibration chart
furnished with every instrument (5
provided for the Typ volts is an average). In both cases, the
nal Generator. The internal mod modulation will be 30%. The modula-
circuit consists of a 31-type tube and a  tion frequency shou lb(le:dhnul"
il e dclﬂrmuw— of the carrier frequency.

unit  pedance of the mcml mod

terminals in the audio-frequency range
0 a single conta is about 5000 ohms. Inasmuch as a
for 400-cye 0.002-pf condenser
standard equipment, but on special or-  them, the input
udio fre-  modulation frequencies will be less.
i vE 604-B Test-

Generator, complete with 13

odulation tion

consists of

connected across

plug-in
price of th

ze up to 200 kilocycles. 3
Within the audio-frequency range, between 3 and 100 megacycles but
percentage modulation is set by s $300.00.
of the grid tions can be supplied
higher modulating freq 2. Karpros

cans  without tubes or batteries

rent micro-ammeter. At Frequency c

ncies, the for an extra charge. —
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THE EDGERTON STROBOSCOPE AT THE NEW YORK AUTO SHOW

"”j,;“\ G e

e General Motors Corporation there was
d on the interest of every stroboscopit
automobile buyer in the operating lighted exhibition hall.

mechanism of his eng “The engine w s driven by an adjust-
strating a cutaway Buick o -
stroboscopic slow motion. The dem-
onstration was part of the Genes
ork Auto
icago Show.

&

was effec
the drive assembly. This ex]
are mrnmu . will be shown
on WS SUP-  of the larger

troboscopes g local By

plied by four Edgertor ’s demonstra-
points around the tion rather than in the

four stroboscopes  shows, the

blic auto

ason for which is already

illumination so that well advanc
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534 an St Westouy WY 11550 B —




10 THE GENERAL RADIO EXPERIMENTER

TWO NEW RHEOSTAT-POTENTIOMETERS
FOR HEAVY DUTY SERVICE

|
nounted either behis
p. and eac

t for either

of rotation or as a voltage

is wound on an
form, thus

Right: Tyes 533:4.
250 watts

IET 1ET LABS, INC inthe GenRad tragition
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1

and the elimination of hot spots when
only a portion of the resistor is in use.
Supporting frames are moulded from a
bakelite compound having the ability
to withstand operating temperatures
well in excess of requirements.

The TyrE 333 Rheostat-Potenti-
ometers are identical in over-all dimen-
sions with the TypE 371 and Txpe 471
Rheostat-Potentiometers. They have
four times the power rating of the
former.

The Tye: 533 Rheostat-Poten
ometers are 533 inches in diameter and
315 inches in height, exclusive of the
knob which adds 135 inch to the over-
all height. The shaft is of steel, and the
contact arm is especially designed for
low contact resistance so that troubles
due to overheating at the contact have
been definitely eliminated.

These two units will find their prin-
cipal application in the control of volt-
age and current in power circuits where
their convenient mounting, flexibility,
and low cost will make them desirable

where it has formerly been necessary to
use the tubular type of rheosta

Each unit is fitted with three jack-
top binding posts arranged on the
standard 3{-inch spacing, a decided
convenience in temporary set-ups by
students and workers in rescarch lab-
oratories.

Seven sizes of each model are carried
in stock but other resistance values
hin the power r of 1
and 250 watts, respectively, can be
built 1o order at slightly greater prices
than those given in the following price

The following table lists the stock
models and specifies the total resist-
ance and maximum allowable current.
These current and power ratings are
based on a 100-degree Centigrade tem-
perature rise where the unit is operated
in the open without forced air circula-
n. Where the unit is to be enclosed,
an allowance should be made for the
resulting increase in ambient temper
re.

SPECIFICATIONS
Maximum
Total Resistance. Current Price
1obm 3100
3 ohms 100
0 " 1.00
30 " 4.00
00 " 100
300 4.00
oo 400
1 ohm sorAr 6.00
3 ohma soxaD 6.00
0 " MomAL 6.00
30 " worto 6.00
00 sveey 6.00
300 s 6.00
oo sty 600

@

534 Maln Sreet, Wostbury, NY 11550
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NEW PORCELAIN INSULATOR ASSEMBLIES

FOR T TERMINAL

(o) =L o
Y T ;I

cieanance ;-5:;: -

ST

teur and laboratory use. Each i
at mechanical strength and @ mini

SPECIFICATIONS
Description Code Word Price

151
Cerminal Stand-OfT Insulator
Vo Tt
Al insulator ass
and the lead w

lied with wood
= t0 necessary Lo prevent bre

" SENERAL RADIO COMPANY mail he Experimenter, without charge,

each month to engineers, scientists, and others interested in commun-
ication-frequency measurement and control problems. Please send requests
Jfor subscriptions and address-change notices to the

GENERAL RADIO COMPANY
30 State Strest - Cambridge A, Massachusetts
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