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ELECTRiCAL COMMUNiCATiONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

A UNIVERSAL BRIDGE[I'HERE h" boon a m"kod

T increase in recent years in
the use of bridge methods

<,::=:::===:::'1 for the measurement of
impedances of all kinds. This increase
has come from the greater number of
quantities to be measured, from the
greater range of their numerical values,
and from the greater rangeoffrequency
at which the measurements must be
made. The values of the magnitude
range and frequency range over which
measurement are desired are impres
sive; resistance from a microhm to a
megamegohm, inductance from a mil
limicrohenry to a kilohenry, capaci
tance from a millimicromicrofarad to a
millifarad; not all perhaps, but some of
these at frequencies ranging from a
cycle per second to a hectomegacycle
per second.

A bridge is merely an instrument
with which two impedances, known
and unknown, may be compared. The
known standard is not inherent in the
bridge itself. It must be separately
provided. The number and variety of
these standards i large; for a single
standard can rarely cover a range of a

thousand to one in either direction
from its own value, and that only at
low frequency and low accuracy. As
the e rise the range of ratio drops,
approaching unity for an accuracy of
.01% and at a frequency of 100 kilo
cycles per second.

An obvious way by which the num
ber of standards may be decreased and
the accuracy of measurement increased
is by the use of the various bridges in
which unlike impedances may be com
pared, as for example, resi tance and
self and mutual inductance in terms of
capacitance, capacitance in terms of
resistance and frequency, frequency in
terms of inductance and capacitance.

The TYPE 293-A Universal Bridge
has been designed with considerations
of this sort in mind. It provides the
essentials of a bridge, variable ratio
arms and a standard resistance which
may be used as an added resistance to
satisfy one of the conditions of balance,
in such a form that all type of bridges
may be constructed. These three re
sistances are mounted on the panel of
the bridge as shown in Figure 1, with
their terminals and those of an added
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FIGURE 1. Panel view of a TYPE 293-A Uni
versal Bridge. Dotted lines were drawn in

after the photograph was taken

impedance symmetrically disposed.
These four pairs of terminals may be
connected to each other and to the
input and output terminals placed at
the upper corners of the panel through
six pairs of intermediate binding posts,
the actual connections being made by
links which plug into the various jack
top binding posts.

The principle on which this terminal
board is arranged is shown diagram
matically in Figure 2, in which the full
lines represent the permanent connec
tions. The three variable resistances
together with the added impedance

• n
o 0

h
FIGURE 2. Schematic diagram for the measure
ment of resistance by the Wheatstone Bridge

form the four arms of a simple Wheat
stone bridge when the ten links indi
cated by the dotted lines are plugged in.
For this four-impedance network the
arrangement of the connecting links is
symmetrical.

The three kinds of bridge networks
shown in Figure 3 cover practically all
of the bridges used for the comparison
of like and unlike impedances. The
names of these bridges, together with
the kinds of impedances compared on
them, are given in the table. All of
these bridges may be set up on the

TABLE I
Common Bridges Showing the Type of Network
and the Kind of Known and Unknown Elements

Bridge Network1 u~l S'

Impedance a R R
L L&R
C C&R

Grover a C C&R
C C&R

Schering a C C&R

Maxwell a L C&R

Owen a L C&R

Hay a L C,R&f

Resonance a L C&f
f L&C

Wien a C R&f
L R&L
f C&R

Anderson b L C&R

Anderson-Hay b C C&R

Campbell c L M&R

Carey Foster c C M&R
M C&R

lLetters refer to the networks of Figure 3.
2U represents the unknown quantity that

can be measured when the corresponding
quantities in the S column are known.
L, M, R, C, and f represent respectively self
inductance, mutual inductance, resistance,
capacitance, and frequency.
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Q b

FIGURE 3. Practically all bridge networks are elaborations of these three basic circuits.
The letters a, band c refer to tbe second column of Table I

The TYPE 293-A Universal
Bridge set up as an Owen

Bridge

CIRCUIT NO.5
OWEN

La
0"

6

5

tioned in Table I are given in the in
struction book furnished with each
TYPE 293-A Universal Bridge. Blank

diagrams for other
bridges are also provided.

The resistors used in
this bridge are the new
TYPE 510 Decade-Re-
sistance Units, having
the switch contacts be
low the panel. The three
variable resistors are
shielded from each other
and the whole bridge is
placed in a copper-lined
cabinet. Double pairs of
input and output ter
minals are provided so
that shielded transform
ers may be used.

The accessories re
L."::"=::J!"OUT quired for the operation

of the bridge include a
power supply, null de
tector, and standards of
impedance. Suitable in
struments for these pur
poses are described in
Catalog F. The TYPE
508-A Oscillator and the
TYPE 514-A Amplifier

IN <>---.......,

FIGURE 4

A

U

IN

TYPE 293-A Universal Bridge by suit
ably placing the known and unknown
impedances and the interconnecting
links. The determina-
tion of their positions is
facilitated by the pro
cedure illustrated in Fig
ure 4.

Owen's bridge, in
which the inductance and
resistance of an unknown
inductor are measured in
terms of two added capac
itances and the variable
resistances, has been
chosen as an example.

The schematicdiagram
of the bridge is made and
the four arms lettered
cyclically A-B-S-U in
such a manner that the
three variable resistors
are used to best advan
tage. The position of the
connecting linksmay then
be drawn on the terminal
board diagram, together
with the places for con
necting the external im
pedances. Such figures
for all the bridges men-
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used in conjunction with head tele
phones or the TYPE 488-DM Alternat
ing-Current Meter are particularly
recommended as power supply and null
detector. The TYPE 293-P1 and TYPE
293-P2Transformers are shielded trans
formers for isolating electrostatically
the power supply from the bridge. The

TYPE 293-P3 Slide-Wire Resistor pro
vides a continuously variable resistance
which bridges the lowest resistance
steps in the bridge. It is particularly
useful in the measurement of small
reactances.

The price of the TYPE 293-A m
versal Bridge is $140.00.

- ROBERT F. FIELD

A SELF-DEVELOPING CAMERA OSCILLOGRAPH

At.. S AN illustration of one of the many
'" types of special equipment built
by the General Radio Company, we
are showing a photograph of a new self
developing string oscillograph.

This oscillograph automatically de
velops its own photographic records

and, accordingly, is of unusual value in
commercial research or in adjustment
of control circuits where the results of
any change must be seen at once.

The sensitized paper is fed into a
constantly revolving cylinder, carried
past the shutter, and then on through

A three-element
camera oscillograph

with the self
developing feature
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both developing and fIXing solutions,
so that the record is available within
a few seconds of tbe time of exposure.
A wide range of operating speed is
available and satisfactory oscillograms
can be made with paper speeds up to
about 15 inches per second.

The action is controlled by a two
posi tion lever which feeds the paper in
the first posi lion, and cuts and stops

the paper in the second. A three-string
harp is standard, and the camera, driv
ing motor, light source, timing units,
and controls are all mounted on a port
able table.

We have available at the present
time two extra oscillographs of this
type, designed for operation from 110
volts, doc. Tbey are priced at $3000.00
each, subject to prior sale.

-H. H. SCOTT

A FREQUENCY DEVIATION INDICATOR

FOR TRANSMITTERS

GENERAL ORDER No. 116 of the
Federal Radio Commission, which

requires radio broadcasting stations to
hold their transmitter frequencies to
within ±50 cycles per second of the
assigned channels, places on the station
frequency monitoring equipment more
rigid requirements than have hereto
fore been necessary.

A highly stable piezo-electric oscil
lator for use as a monitoring standard
of frequency was described by James
K. Clapp in the last issue of the Experi
menter.

While the frequency standard is the
most important element of the moni
toring system, General Order No. 116
requires, by implication, that an accu
rate means be available for comparing
the frequency of the transmitter with
that of the monitoring standard.
Under the old 500-cycle tolerance, a
zero audible beat or any audible beat
note below 500 cycles was sufficient,
while under the new order, the beat
frequency indicator should be accurate
to within a few cycles per second.

The design of a frequency meter to
operate from zero to 50 or 100 cycles

per second is extremely difficult since
it involves the measurement of both
audio and sub-audio frequencies, and,
if it actually operates down to zero, it
must cover an infinite frequency range.
Even if it operates only between one
and 50 cycles per second, the frequency

FIGURE 1. The freqnency monitor consisting
of a TYPE 575-D Piezo-Electric Oscillator and

a TYPE 581-A Frequency Deviation Meter
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range covered has a ratio of 50 to l.
In general, an accurate frequency meter
can cover only a narrow range of fre
quency; and, as the range becomes
smaller, tbe accuracy increases accord
ingly.

Since the problem of measuring the
deviation of a radio transmitter from a
known standard is concerned with the
actual deviation in cycles rather than
tbe percentage deviation, it is imma
terial wbat actual value of beat fre
quency corresponds to zero deviation
as long as the variations above and
below this value can be measured. A
practical answer, then, is to move the
normal operating point up in the audio
frequency spectrum until 50-cycle de
viations on either side correspond to
smaller percentage changes in the audio
frequency. This can be realized by
using as a monitoring standard a crys
tal whose frequency differs from the
assigned broadcast channel by, say,
1000 cycles per second. The frequency
meter can then be designed to read 50

RADIO
TRANSMITTER

(MASTER OSCILLATOR
OR

BUFFER AMP.)

cycles per second above and below
1000. The 1000-cycle difference need
not appear on the frequency indicator
which can be arranged to read zero at
1000 cycles per second.

General Radio TYPE 581-A Fre
quency Deviation Meter is specifically
designed to meet these requirements.
It consists of a 1000-cycle frequency
meter, preceded by a detector and a
two-stage audio amplifier.

Voltages derived from the unmodu
lated master oscillator of the transmit
ter and from the monitoring standard
are impressed on the detector and the
resulting audio-frequency beat is ampli
fied and applied to the frequency
meter. The frequency indicator is a
large pointer-type meter reading zero
at 1000 cycles per second and indicat
ing deviations of 100 cycles above and
below this value. The scale is suffi
ciently open to indicate changes of one
cycle per second.

The frequency meter itself is a tuned
circuit arrangement, as are nearly an

~ 7'DETECTOR f- AM~~~~~ER \6)
FREQUENCY

METER

f o + 1000 cps

TYPE 575-0
PIEZO-ELECTRIC

OSCILLATOR
(FREQUENCY

STANDARD)

f. ;ASS1GNED CARRIER FREQUENCY
f =FREQUENCY DEVIATION FROM ASSIGNED CHANNEL

FIGURE 2. Schematic diagram for the frequency monitor. The "frequency standard" is
operating at a frequency 1000 cps above that of the carrier. When operating 1000
cps below the carrier the beat frequency involved in the deviation meter is (1000±fl
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such instruments which cover narrow
frequency ranges.

Several new features are involved
which permit high accuracy to be
achieved at low cost, a factor which
is important if the meter is to be com
mercially acceptable. Another advan
tage lies in the fact that it indicates
continuously the direction, as well as
the magnitude of the frequency devia
tion. A glance at the meter tells the
operator what adjustments he must
make to bring the station to the proper
frequency.

TYPE 581-A Frequency Deviation
Meter is intended for use with the
TYPE 575-D Piezo-Electric Oscillator.
An assembly of the two instruments is
shown in Figure l.

A functional block diagram of the
frequency meter assembly is shown at
the right of Figure 2. A schematic dia
gram of the frequency meter itself is
given in Figure 3. It consists of two
tuned circuits, and two rectifiers con
nected in opposing directions. The
difference of the currents from these
rectifiers is indicated by a meter which
is calibrated directly in cycles per
second.

Figure 2 is a block diagram of the
entire monitoring system. In this dia
gram, fo is the assigned channel fre
quency and f is the deviation of the

FIGURE 3. Schematic diagram for the frequenc)'
indicating element of the deviation meter

transmitter from that frequency. The
transmitter frequency is accordingly
fo ± f· The crystal oscillator operates
at a frequency 1000 cycles per second
above the assigned channel and its
frequency may be expressed as fo +
1000.

When the crystal oscillator and
transmitter voltages are impressed on
the detector, the resulting audio
frequency beat tone is 1000 cycles =Ff.*

Iff is zero, that is, if the transmitter
is on frequency, the beat is 1000 cycles
per second and the indica tor is at zero.
An increase in transmitter frequency
produces a deflection to the right; a
decrease one to the left. The scale is
200 cycles wide, that is, deviations of
100 cycles either side of zero can be
read on the meter.

*The crystal frequency can, of course, he
either above or below the channel frequency.
The sign of the deviation indication can be
reversed by reversing the leads to the fre
quency indicator.

TI-H~~ "CLASS B" MODULATOR FOR AMATEUR
P~ONE TRANSMITTERS

By means of "the so-called Class B"
type of amplifier, the power output

from an amplifier using standard types
of tubes may be greatly increased over

that possible in the conventional
amplifier system.

The circuit arrangement is that
known as a push-pull amplifier. The
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CLASS C
AMPLIFIER

PUSH-PULL CLASS 8

E XC ITI NG t-----<5l~IlC:>--_4MOOULATOR t----oI1111O
AMPLIFIER 210'5

245'5

SPEECH
AMPLIFIER

INPUT
G.R. TYPE 292-A

OUTPUT

G.R. TYPE 292-8

Schematic diagram for a [ow-power amateur phone transmitter utilizing General Hadio
TYPE 292 Transformers in a "Class B" Modulator

gain in power is obtained by a shift in
the operating point of the tube on its
characteristic so that grid current is
taken. The plate current cuts off en
tirely in each tube during one-half of
the cycle. The current in the B lead is
therefore not. constant, as is the case
with the standard push-pull amplifier,
but varies cyclically. This difference is
of importance in considering power
supply design.

One of the most interesting applica
tions of the" Class B" amplifier is in
radio-phone transmitters of moderate
power. By means of this circuit, tubes
of the 210-type can be made to pro-

duce sufficient power for 100% modu
lation of SO-watt tubes.

The circuit is shown above. Two
new General Radio transformers are
announced for use in this circuit. One
is used as an input push-pull trans
former between two 245 and 210 stages
and the other is used as the output
transformer, coupling the "Class B"
modulating amplifier to the radio-fre
quency amplifier.

The new transformers are: TYPE
292-A Input Transformer, price $7.00.
TYPE 292-B Output Transformer, price
$10.00.

THE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests
for subscriptions and address-change notices to the

GENERAL RADIO COMPANY
30 State Street Cambridge A, MassachuseHs

.'
I
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~L~CTRICAL COMMUNiCATIONS T~C~NIQU~

AND ITS APPLICATIONS IN ALLI~D FI~LDS

FREQUENCY CI-IARACTERISTICS

0DECADE.RESISTANCE
box is composed of in-A ?ivid~al decades connecte?

~ III senes to the box termI
nals. Theil' arrangement and inter
connections are shown in Figure 2.
The result is not the pure resistance for
which each separate resistor is adjusted
by means of a direct-current bridge
and which is indicated by the dial set
ting. In addition the resistors and
their wiring have inductance and

capacitance which may be conveniently
represented by the network of Figure
3. These cause the box to have, at any
frequency, a reactance and a phase
angle. The resistance will vary with
frequency, both beca use of the fre
quency characteristic of the network
and because of skin effect or crowding
of current to the surface of a solid con
ductor. The existence of reactance and
the increase in effective resistance with
frequency can be minimized by careful

FIGURE 1. Four of the nine stock sizes of TYPE 602 Decade-Resistance Boxes. Their frequency
characteristics are discussed in the accompanying article
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FIGURE 2. Interior of a TypE 602-J Decade-Resistance Box. The decades are, from right to
left, units, tens, hundreds, and thousands of ohms. A separate winding is used for each step

FIGURE 4. Equivalent inductance and "series
inductance" as a function of dial setting for
the TypE 510 Decade-Resistance Units with

their shields removed

lated by means of Equation (1) is about
6 /JpJ and is independent of dial setting.

The multiplicity of scales needed in
Figure 4 in order to cover the wide
range of values of equivalent induc
tance of the various decades may be
reduced by using the ratio ilR of the
equivalent inductance to the series
resistance. This ratio ha the dimen
sions of time and is called the time
constant. When the equivalent in
ductance is negative, the time constant
is still taken as positive, since the net
work is capacitive. In plotting it is
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design, but they can never be elimi
nated. The object of all improvements
in the high-frequency behavior of re
sistance boxes is the minimizing of
these two effects.

For frequencies below 50 kilocycles
the skin effect is negligible and the
equivalent indnctance is constant)

~oooeooo~

c
FIGURE 3. Equivalent network of a resistor

This equivalent inductance t of the
network is always smaller than the
series inductance L because of the
shunting action of the parallel ca
pacitance c: L = L-R2C (1)

For small values of resistance the
equivalent inductance is positive, while
for larger values it is negative. The
transition usually occurs in the hun
dreds of ohms.

Figure 4. shows the values of Land
i measured at a frequency of 1 kilo
cycle for each of the six TYPE 510
Decade-Resi tance Units. The com
plete boxes of Figure 1 are, essentially,
assemblies of these units.

The parallel capacitance C, calcu-

IThe equivalent reactance below 50 kilo
cycles is then it. = wL
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FIGURE 5. Time constant is plotted as a
function of dial setting for TYPE 510 Decade

Resistance Units

convenient to extend the time constant
scale below the zero axis in order that
the curves may be continuous.

The time constants for the TYPE
510 Decade-Resistance Units are
plotted in Figure 5, both with the shield
removed and with it in place but not
connected, i.e., floating. The addition
of a shield increases the parallel ca
pacitance and thus affects the equiva
lent inductance and time constant of
the larger decades by increasing the
term R2C. When the shield is con
nected to a terminal of the decade this
capacitance is still further increased
and is no longer constant for the various
dial settings.

Values of these capacitances for the
larger decades under the various condi
tions of shielding are given in Table I.
The time constant for these conditions
may be found by adding algebraically
to the time constants given in Figure 5
that of the added capacitance.

When a number of TYPE 510 Decade
Resistance Units are assembled on a

FIGURE 6. Time constant for tbe differeut
decades of four-dial TypE 602 Decade

ResistaLlce Boxes

panel to form a TYPE 602 Decade
Resistance Box, the resistance and in
ductance of the wiring connecting the
various decades and the additional
capacitances of the decades increase
the equivalent resistance and reactance
over that of the separate units. The
resistance and inductance at zero set
ting of two-, three-, four-, and five-dial
boxes are given in Table II. These zero
resistances are not included in the
resistances of the various units, which

TABLE I
Parallel Capacitance in }J.}J.f oj

Decade Resistors

Shield ConnecLion*
Type of Demlde

Unit Ohln Re- Float- On On
Inoved iug Zero Switch
------------

510-0 100 6-6
510-E 1000 6-6 7-7 31-17 9-16
510-F 10,000 6-6 10-10 33-21 12-18

------------
602-J 1

10
100 18-17 21-19 41-35 53-53

1000 17-12 19-1'1 27-20 63-63

*First figure is for zero setting, second figure is
for maximum. setting of the decade in question.
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TABLE II
Zero Resistance and Inductance oj
TYPE 602 Decade-Resistance Boxes

TABLE IV
Percentage Error in Impedance

Jar TypE 510 Decade-Resistance Units

*Percentages are (or nlsxiDlUDl setting of each
decade.

Frequency in kcDec-

This effect has been discussed by Jones.2

For frequencies above 50 kilocycles
skin effect is the dominant factor in
determining resistance except for the
largest decades. Approximate values
of the ratio (expressed as percentage
error) of high-frequency resistance to
doC resistance of each of the TYPE 510
Decade-Resistors are given in Table III.

When a single decade or a number of
decades are used as a voltage divider,
the impedance of the different Ullits is
the factor determining the accuracy of
the voltage division. Values of the
rati.o (expressed as percentage error) of
high-frequency impedance to doc re
sistance of each oftheTypE 510 Decade
Resi tance nits are given in Table IV.

For the TYPE 602 Decade-Resistance
Boxes the values of resistance and im
pedance at high frequencie are greater
than for the corresponding TYPE 510
Decade-Resistance Units by amounts
determined by the connecting wires as
shown in Table II. When used in sub
stitution methods where the change in
resistance rather than its absolute
value is significant, Table III still ap
plies, except for moderate changes in
the highest decades.

- ROBERT F. FIELD

Type ade*
IOhlll 50 1100 200 500 100020005000 10,000

510-AI~~-;;::;--2-~--------

510-B I 0.1 0.2 1 5 20
510-C 10 0 0 0.1 0.2 2 10
510-D 100 0 0 0 0.1 0.3 1 5 15
510-E 1000 0 0.1 0.5 2 6 20
510-F 10,000 5 20

o. of Dials R L

2 0.0050hn< 0.2/Lh
3 0.007 " 0.3/Lh
4 0.010 " 0.4o/Lh
5 0.012 " 0.5/Lh

TABLE III
Percentage Error in Resistance

Jar TypE 510 Decade-Resistance Units

are adjusted to be correct at their own
terminals. They also have a large skin
effect, because the wiring is copper.

The tinte constants for four-dial
TYPE 602 Decade-Resistance Boxes
measured at a frequency of 1 kilocycle
are shown in Figure 6 for the shield
both removed and floating. The par
allel capacitances are considerably
larger for such a box than for a single
decade and are given in Table 1. They
depend both on the number of decades
in the box and on the position of the
decade in question with reference to
the other decades.

The effect on the parallel capacitance
of the largest decade of connecting the
shield to a terminal of the box is least
when that terminal leads directly to
the smallest decade. This connection
however increases the resistance of the
smallest decade because the resistances
of the higher decades are placed in
series with their capacitances to shield.

Dee- Frequency in kc
Type nde*

200 1500 1000 20005000 10,000OhlD 50 100 _______1___

510-A 0.10 0.1 0.2 1.5 5 15
510-B 1.00 0 0.1 0.3 1 4 25
510-C 1100 0 0 0.1 0.5 2 11
510-D 100 0 0 0 0.1 0.3 0.8 4 15
510-E 1000 o 0 0 -0.3 -1 -4 -30
510-F LO,OOO o -0.2 -2 1-6 -16

*Percentages are Cor rnaxiD1UJD selling of each
decade.

2Jones and Josephs, 10umaloJtheAmerican
Chemical Society, Vol. 50, 1928, p. 1049.
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A DUPLEX SIPHON RECORDER

5

I the September, 1931, issue of the
Experimenter, we announced a high

speed chronograph. Time-interval
measurements to be made with a pre
cision of something better than 0.001
second.

The present article describes an
other form of chronograph for use in
problems requiring a less-accurate
measurement of time intervals, the
maximum precision being of the order
of 0.01 second. This is the TYPE 456-A
Duplex Siphon Recorder, shown below.

The siphon recorder is a well-known
device which, among other things, has
found extensive use in the automatic
recording of telegraphic code signals.
Some form of writing stylus, pen or
pencil, is made to move a short distance
to and fro by the starting and stopping
of current through an appropriate
electromagnet system. This stylus
traces a line upon a strip of paper mov
ing with a suitable speed perpendicular
to the motion of the stylus.

If the design of the energizing elec
tromagnet is such tha t the deflecting
force increases, in general, with the dis
placement, and if the moving member
carrying the stylu operates between
fixed "back" and "front" stop, then
the familiar block form of trace will be
produced which gives practically no
indication of the ,aveform of the
energizing current, but which affords
deflection intervals proportional to the
duration of the current. At slow paper
speed, these traces are rectilineat· in
appearance. At the higher speeds, the
to-and-fro motion traces a curved line,
the extent of which (along the time
axis) depends upon the inertia and re
storing force of the moving member.
The instant at which the motion of the

stylus is stopped; that is, on striking
the front contact on being energized,
or the rear contact on being released,
can, however, be determined with a
sufficient precision to permit measure
ments to 0.01 second at the higher
paper peeds. These are the funda
mental operating conditions for the
TYPE 456 Duplex Siphon Recorders.

A the name implies, this in trument
carries two separate and individual
pens which make adjacent traces upon
the >1!-inch strip of "ticker" paper.
This paper, obtained in 5-inch diam
eter rolls, is mounted on a reel
housed in a drawer in the cabinet base
of the instrument. The paper is
threaded up through the panel and,
sub equently, over a rubber-faced
drum which is driven by a nO-volt
universal-type motor. Driving friction
is produced by a grooved tensiou roller
pressing the paper against the drum.

TYPE 456-A Duplex Siphon Recorder with the
protecting cover removed. Tape is fed from

a reel in the base
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While passing over the top of the drllm,
the paper is marked with the two
trace by the pens, which, of cour e,
move parallel to the drum axis.

The pen arms are energized by two
separate closed electromagnet a em
blies, the windings of which terminate
in two pairs of terminal posts. The two
magnet and pen assemblies may each
be raised and lowered by thumb screw
to adjust the contact of the pens upon
the paper. Two cam arms are likewise
provided for raising the pens and hold
ing them away from the paper without
disturbing the adjustment of these
thumb screws. The travel of each pen
arm rnay be controlled by an adj ustable
"back" screw. The restoring force of
each arm may be adjusted to best
meet operating conditions. Increasing
this restoring force increases the peed
of the moving member at a acrifice,
of course, of the sensitivity.

The pens consi t merely of two fine
silver tubes which are mounted on the
arm by uitable spring clamp . The
lower end of the pen travels over the
paper, while the upper end is su 
pended free from contact in an ink cup
which i mounted on the magnet as
sembly. Inks of different color, as,
for example, red and blue, may be used
for each of the two traces. The flow of
ink is produced by siphonic action.
A small suction nozzle is provided for
starting the siphons. Also, two medicine
stoppers for filling the ink cups.

1"or maximum sensitivity, the lower
end of the pens need not actually
touch the paper, the flow of the siphon
being maintained by capillary a ttrac
tion. Suitable inks are provided which
enable the device to be kept idle in
readine s for operation for at least
twenty-four hours. The ink cups are

readily emptied and the pens cleaned
by siphoning water through them.

The shaft of the driving motor is
connected to the drum haft through a
built-in reduction gear ystem, which
is an integral part of the motor. By the
use of different motors, paper speeds
from 0.1 inch to 7 inches per second
can be obtained. A rheo tat is provided
which enables the paper speed with
anyone motor to be varied over a ra
tio of about 4:1.

The standard form of pen magnets
is each wound to a re i tance of ap
proximately 2400 ohms which enables
the pens to be operated by a minimum
current of 2 milliamperes (5 volts
across the winding). A special higher
resistance winding would permit oper
ation by minimum currents between
0.5 and 1 milliampere.

The standard motor used has a gear
reduction 144:1 and by means of the
rheostat gives paper speeds from 0.8
inch to 3.5 inches per second. Other
motors having gear reductions 72:1,
595:1, and 1120:1 are available for sub
stituting to obtain proportional changes
in paper speed.

In making time interval measure
ments with this chronograph it is cus
tomary to energize one pen at known
time intervals such a 0.1 second, 1.0
second or any other desired value,
while the other pen responds to elec
trical currents associated with the
phenomenon to be timed. An example
of such a technique was described in
conjunction with the cardiotachom
eter in the July, 1930, issue of the
Experimenter. Here the time intervals
were one second apart and the second
pen recorded each heart beat. In this
manner a continuous and permanent
record of the heart rate was obtained.
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This same procedure may be adapted
to a wide variety of problem involving
timing operations as, for example, the
timing of chemical phenomena, of ath
letic events, of vehicle speeds, of traffic
distribution, of the flow of liquids and
of the fall of balls in viscous media, etc.

The method used for securing the
reference time intervals depends upon
the particular problem at hand. One
second and one-minute intervals can
readily be obtained from suitable clock
mechanism, while one-second and 0.1
second interval can be obtained from
contacts opera ted by synchronous
motors driven by 60-cps or any other
regulated alternating-current sources.
If the regulation of such current is not
sufficiently precise for the problem, it
is quite feasible to superimpose one-
econd interval from an accurate

clock upon a eries of O.I-second inter
vals from the synchronous commu
tator, the latter serving merely to
decimate the accurate one-second in
tervals. The speed of the paper will be
sufficiently uniform to enable one to
interpolate to 0.01 second between the
marked O.I-second intervals.

The price of the TYPE 456-A Duplex
Siphon Recorder, described ahove and
shown in the i1Iu tration, is 190.00.

In some lines of work, it becomes
desirable to provide a remote and in-

termittent control for this siphon re
corder so that sample records may be
obtained at stated intervals instead of
a continuous record over a long run.
For this purpo e, the recorder may be
fitted with two olenoids which, when
not energized, release the pens from
contact with the paper, and thus in
terrupt the flow of the ink. The driv
ing motor may, of course, be stopped
at such times, thus minimizing the
amount of paper used. The TYPE
456-B Duplex Siphon Recorder, which
is fitted with the e solenoids, i priced
at 225.00.

It will be evident that the to-and-fro
motion of the pen ann, energized by
such feeble currents, could simultane
ously be used as a sensitive relay to
control a considerably greater amount
of electrical energy than that required
to drive the arm. For such a purpose, it
is quite feasible to fit one of the pen
arms with suitable relay contacts. In
the cardiotachometer equipment, for
instance, the pen ann energized by the
heart pulses is provided with such
contacts through which an impulse
counter is driven, thus affording a
count of the total number of heart
beats in any given interval, in addition
to the variation in heart rate from time
to time as shown by the tape records.

- HORATIO W. LAMSON

100% MODULATION FOR TI-I~ AMAT~UR PI-ION~

THE Class B Modulator, using trans
former coupling to the radio-fre

quency amplifier, eliminates the high
wattage tubes with the high plate
voltages used in the Class modulator
system, and permits 100% modulation
with relatively low power. A modulator
and a speech amplifier as shown in the

accompanying diagram, using only two
210-type tubes in push pull as the
modulators, will easily modulate 100%
some 50 watts plate input to a Clas C
radio-frequency amplifier.

In the diagram the microphone and
speech amplifier circuits are typical of
those in use in amateur modulation
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Wiring diagram for a complete speech antplifter and Class B Modulator, capable of modulating
50 watts of plate input for a Class C radio-frequency amplifier. See the Legend below.*

systems at the present time. The nec
essary additions are the input and out
put transformers of the modulator.
General Radio TYPE 292-A and TYPE
292-B Transformers have been de
signed and built to fulfill the needs of

Left: TYPE 292-A Transformer
Right: TYPE 292-B Transformer

the amateur desiring to chauge his
modulator system to Class B.

- M. C. HOBART

*LEGEND
R,-TYPE 301 Potentiometer, 200~ $1.00
R,-TYPE 471 Potentiometer,

100,000~ . 6.00
Ra-TypE 437 Center.Tap Resistor .50
L,-TYPE 379-T R-F Cboke 1.25
T,-TYPE 585-M Transformer (for

single-button micropbone) 10.00
TypE 585-M2 Transformer (for

double-button micropbone) 10.00
T,-TypE 541-A Transformer 7.50
Ta-TypE 292-A Transformer . . 7.00
T.-TYPE 292-B Transformer 10.00
T 5-TYPE 565-B Full-Wave Trans-

former. 13.50
l\-TYPE 545-B Transform!'f . 10.00

TYPE 527-A Rectifier Fil ter 17.50

THE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests
for subscriptions and address-change notices to the

GENERAL RADIO COMPANY
30 State Sheet Cambridge A, MassachuseHs
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TH~ MICH~LSON V~LOCITY OF LIGHT ~XP~RIM~NT

We are indebted to Mr. E. C. Nichols of the Department of Instrument Design at the
Mount \Vilson Observatory, Pasadena, for the accompanying description of the latest experi
ment to determine the velocity of light in a vacuum.-EoITOR.

I~E following i, a hcief de·

T scription of the Michelson
velocity of light experi
ment in vacuum. This

experiment, made at the Irvine ranch
near Santa Ana, California, during the
period from May, 1930, to July, 1931,
by A. A. Michelson of the niversity
of Chicago, F. G. Pease of the MOlmt
Wilson Ob ervatory, and F. Pearson of
the niversity of Chicago, was an en
deavor to determine more accurately
the velocity of light. The investigation
was carried out jointly by the Mount
Wilson Observatory of the Carnegie
Institution of Washington and the
University of Chicago.

In this experiment two systems of
measurement were used: the first, that
of time; the second, that of distance.
In the case of the latter measurement
it was felt tha t the direct measurement
of a short ba e line without the addi
tional triangulation might yield a
higher order of accuracy. This was
accomplished with a vacuum tube one
mile long, the light traversing it eight

or ten times. The base line was mea
sured by Commander Garner of the

nited States Coast and Geodetic Sur
vey. The results of this measurement
have a probable error of ±0.47 mm.
or one part in 3,400,000.

TIME MEASUREMENT
Two clocks were used in the time

measurement. One was a ship's chro
nometer beating seconds on a relay and
omitting every 59th second. The rate
of the chronometer changed frequently,
rarely remaining the same for 24 hours.
The other clock was a constant-fre
quency oscillator of General Radio
make, controlled by an oscillating
quartz crystal, the period of which was
increased by two multivibrators. The
seconds relay and the syncro-clock of
the constant-frequency oscillator were
operated on a shaft driven by a uni
polar motor. The unipolar motor was
in turn operated by the multivibrators.

The rate of the constant-frequency
oscillator was decidedly more constant
than the ship's chronometer. Compari
sons were made on a chronograph



2 THE GENERAL RADIO EXPERIMENTER

having two ink pens operated by re
lays. The chronograph was driven by
a synchronous motor and had a pe
ripheral speed of one inch per second.
Time signals were also recorded on the
chronograph. These signals were re
ceived from Arlington four times a day
on 1700 meters.

DESCRIPTION OF APPARATUS

The mile-long three-foot diameter vac
uum tube consisted of 60-foot leugths
of riveted and soldered corrugated
galvanized pipe o. 14 gauge, joined
with rubber balloon tire inner tubes
and cemented to the pipe ends with
rubber cemeut. At each end two steel
tanks were included in the tube to
house the mirrors and their controls
for the optical system. These tanks
were fabricated from %-inch steel plate
and welded. They rested on base plates
of the same material and were sealed
with a lead wit"e and hydroseal; no
bolts were necessary. All joints were
painted with several coats of GlyptaI.
Not a single machined surface was
necessary in the entire vacuum con
tainer, which had a volume of 40,000
cubic feet and resisted a total collaps
ing pressure of 53,000 tons.

The mirror mountings and their con
trols in the tanks were supported inde
pendently on separate concrete piers
by steel columns extending up through
openings in the base of the tanks.
These openings were sealed off by rub
ber sleeves. All adj ustmenLs to the
mirrors inside the tube were made with
small motors operated by remote con
trol through a motor generator Selsyn
system operated from the head station
at the south end of the tube. Two
Kinney vacuum pumps having a total
capacity of 450 cubic feet of free air
per minute were used to evacua te the

tube. A vacuum of 0.5 millimeters was
obtained.

THE OPTICAL SYSTEM

Light from an arc lamp was imaged
by a condensing lens onto a slit. The
light coming through the slit passed
above a small right-angle prism and
onto the upper half of one of the faces
of the 32-sided rotating mirror. This
mirror rotated at approximately 500
revolutions per second. From the rotat·
ing mirror the light was reflected
through a plane-parallel window into
the tank to a diagonal flat mirror and
then at right angles to a 50-foot focus
conca ve mirror, which changed the
light into a parallel beam. From the
concave mirror the light passed over a
22-inch diameter flat mirror and fell
upon another 22·inch flat one mile away
at the north end of the tube. Thence
the light was reflected nine times back
and forth the length of the tube be
tween the two 22-inch mirrors, finally
emerging through the window in the
tank over the same path but slightly
lower and striking the lower half of the
rotating mirror on a face adjacent to
the one from which it was originally
reflected. From this face the light was
reflected into the small right-angle
prism and thence onto the cross wire
and was observed in the eyepiece. The
single vertical cross wire was mounted
in a micrometer which had divisions
reading to 0.001 inch.

The rotating mirror was driven by a
small compressed air turbine mounted
directly on the mirror spindle.

SYSTEM OF MEASUREMENT

In the null method used, the light
emerged from one face of the rotating
mirror and was received on the adja
cent face. As the mirror started rotat
ing the image gradually passed from
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the field of view, later to reappear from
the opposite side of the field as the
mirror approached its proper speed.
The rotating mirror was brought into
synchronism with a tuning fork whose
period of vibration had to be measured.
The slight angle in which the return
beam differed from 1/32 revolution was
measured with the micrometel". The
distance remained fixed. The time
interval to be measured, therefore, was
that during which the rotating mirror
turned from one face to the next, plus
or minus a small angle observed in the
eyepiece.

The period of the fork was then de
termined by stroboscopic methods in
terms of free-pendulum beats. As the
rotating mirror accelerated, light from
a 6-volt lamp was reflected from a
small mirror on the tuning fork onto a
polished face of the nut clamping the
rotating mirror to its spindle. As the
mirror continued to accelerate, the
image from the tuning fork passed
through a series of vibrating and sta
tionary states to a final stationary state
for which the beats heard between the
fork and the rotating mirror ceased.
At this point a second observer made a
setting on the return image formed by
the light traversing the tube and read
off the micrometer. A reversal of the
direction of rotation of the mirror
eliminated any necessity for making
zero readings.

In checking the tuning fork with the
pendulum, light from a small lamp was
focused on a narrow slit and passed
into the pendulum case, whence it was
reflected by a small mirror on the pen
dulum and focused on the edge of the
tuning fork. When the fork vibrated,
flashes of light from the mirror on the
pendulum illuminated the fork in vari
ous positions, thus producing a sel·ies

The standard-frequency assembly used iu the
Michelson experiment was similar to the one
shown above, except that one of the multi
vibrators was replaced by an amplifier for the

O.I-second pulses from the syncro-clock

•
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of aw-tooth images. When the fork
period was an exact multiple of the
pendulum, the images appeared sta
tionary. When the periods differed,
the teeth appeared to travel across the
field of viewo The period of the fork in
terms of the free pendulum could be
determined from the number of fla hes
shown in traveling from one tooth to
the next.

TRUE PERIOD OF FREE PENDULUM
The determination of the period of

the free pendulum in terms oftrue time
was done in two steps. First a compari
son was made between the beats of the
pendulum and a flash box, operated by
the constant-frequency oscillator or by
the ship's chronometex. The second

comparison was made between the
chronograph records of second-marks
from the chronometer and the time
signals from Arlington. Light from the
flash box was reflected from a small
1i~ed mirror inside the pendulum case
and from a small mirror placed on the
axis of the pendulum. These two re
flections returned to a transparent
cale in the flash box where the time of

their coincidence could be obsetOved.
Accuracy in determining the pendu

lum period depended upon the precise
operation of the flash box shutter. The
superior performance of the General
Radio Standard-Frequency Assembly
in operating the shutter was a very
great advantage. - E. C. ICHOLS.

TI-lE POSSIBILITY OF USING A STANDARD-FREQUENCY

ASSEMBLY TO MEASURE DISTANCE

THE expet·iment described by Mr.
1 ichols in the foregoing article

should be of particular intere t toevery
one who has followed the development
of preci ion frequency mea urements
during the past few years. The crystal
controlled standard-frequency assem
bly was of course designed and built
primarily for measuring frequencies
anywhere in the communication-fre
quency spectrum and its direct applica
tion to a time measuring problem serves
to emphasize the identity of time and
frequency.

Reduced to its lowest terms the time
measuring problem in the Michelson
experiment is nothing more than the
determination of the rotational fre
quency of the rotating mirror. The use
of the standard-frequency assembly to

measure without intermediate steps
this rotational frequency is a po si
bility that will suggest itself to most of
us who are accustomed to think in
terms of frequency rather than in terms
of time. It becomes a problem of mea
suring a fTequency of some 500 cps.
with the greatest po ible accuracy,
say, one part in three mimon. If the
tuning fork used in the Michelson
experiment could be replaced by a
frequency derived from a standard
frequency assembly, the question of
determining this rota tional frequency
in terms of a standard time interval
would be considerably simplified.

With this simplification in mind it
may be of interest to consider a sugge 
tion made several years ago by ajor
William Bowie of the nited tates
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This is how the Michelson experiment might, so to speak, be inverted to measure distance
in terms of the velocity of light and time. The rotational frequency of the mirror would be
measured by a standard-frequency assembly, thus yielding the length of time required for the

mirror to move an adjacent face into position

Coast and Geodetic Survey: that dis
tance be measured in terms of the
known velocity of light and time. A
measurement of this kind would have
important practical applications in
geodesy where the difficulties of laying
down precise base lines in mountainous
countries and in archipelagoes are se
rious when done by present methods.

The experimental basis for such a
measurement of distance was laid by
an earlier experiment of Dr. Michelson
when he measured the velocity of light
between two stations - one located
on Mount Wilson and the other on
Mount San Antonio 22 miles away.
The distance between these two sta
tions was measured by the United
States Coast and Geodetic Survey with
a probable error of one part in 6,800,000
and the time was measured by methods

somewhat similar to those just de
scribed by Mt·. Nichols.

In measuring distance the experi
mental procedure would be reversed,
and, instead of measuring the time it
takes light to traverse a known dis
tance, we would measure the time
taken by light to traverse the unknown
distance and then work out the distance
from the known velocity of light. The
compactness, portability, and high pre
cision of a standard-frequency assem
bly would readily adapt it to this use
since the elimination of as much bulky
apparatus as possible would be desir
able from the experimenter's point of
VIew.

Some time we hope to see the experi
ment tried. It certainly has many
interesting possibilities.

-JOHN D. CRAWFORD.
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TWO NEW POTENTIOMETERS

A LTHO Gil the high resistance po
r\ tentiometer (voltage dividers)
nsed in the control circnits of vacuum
tubes and photo-electric cells are modi
fied versions of the rheostats and
potentiometers used in the early days
of radio for the control of filament,
grid, and plate voltages, present-day
needs make many improvements de
sirable. Since many vacuum-tube cir
cuits are calibrated it is, of course,
important that resi tors for u e with
them be fairly stable and be as free as
po sible from vagaries due to changes
in contact resistance, skipping, and
other ills.

For the past several years General
Radio TYPE 214 and TYPE 371 Poten
tiometer have met most all require
ments except in high-quality, voice
frequency circuit where pecial log
arithmic volume controls have been
designed. It has been felt that some
improvement could be made in con
trols for other circuits and the TYPE
314. and TYPE 471 Potentiometers
about to be described are the result of
work in this direction.

The TYPE 314 and TYPE 471 Poten-

tiometers are similar in many re pects
to their predecessors, the TYPE 214 and
TYPE 371 Potentiometel"s. The general
method of winding the resistance units
is similar, except that it has been found
possible to use a thinner winding form
which reduces the inductance some
what.

The total resistance of these units
has in the past been severely limited in
the high resistance ranges by the
smallness of the wire. Even with the
use of wire of the greatest practicable
resistivity, it has been found almost
impossible to go to values much greater
than 50,000 ohms even on the large
size form used for the TYPE 371 Poten
tiometer. The small size wire causes
an appreciable amount of poilage
during manufacture and even the
fini hed product is liable to damage if
handled roughly. The new unit are
provided with a bakelite strip which
surrounds the form carrying the re
sistance wire. This acts as a mechanical
protection and practically eliminates
the possibility of damage to it during
its installation in experimental equip
ment.

TYPE 314 Potentiometers. The fine wire used in winding the new poteLltiometers is protected
{rom accidental damage by a thin strip of linen bakelite
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The contact arm, bakelite shaft, and large
knob u ed in the new TYPE 314 and TYPE 471

Potentiometers

Another limitation due to the small
wire size used in earlier de ign was the
po ihility of geLLing imperfect contact
with the slider u ed. The new units use
a new type of slider having four fingers
which bear lightly on the wire. The
pressure needed to secure good con
tact and, therefore, the amount of
wear which results is considerably re
duced by this method. The four con-

tact members also serve to reduce the
contact resistance and render it more
nearly constant. Thus the stability of
circuits containing these units is ma
terially improved.

Since high resistance units are likely
to be used in vacuum-tube circuits of
high impedance, the question of stray
capacitances introduced into the sys
tem by the operator's hand on the con
trol knob is often of importance. If an
associated amplifier happens to have a
substantial gain, it may happen that
the coupling to the hand may be suffi
cient to introduce an appreciable
amount of 60-cycle hum picked up
from power-supply wiring in the vi
cinity. This effect has been practically
eliminated in the new design by the
use of an insulating bakelite shaft.
This shaft is larger than the metal
haft u ed on earlier models, so that

nothing has been sacrificed in the way
of mechanical ruggedness by the
change.

An added feature is the use of a larger
knob and a non-metallic pointer. This

. knob is much easier to handle than the
smaller one and its use is therefore
worth while. The pointer has a dull
white finish which eliminates the ob·

TYPE 471 Potentiometers. Contact resistance, wear, and skipping arc reduced by the new
four-wiper contact arm
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jection to confusing reflections which
were sometime encountered when
metal pointers were used in unfavor
able light.

Most of the e features can be seen by
careful examination of the accompany
ing photographs. It will he noticed, of
course, that the TYPE 314 and TYPE
471 Potentiometers are practically
identical in de ign features. The differ
ence is merely a matter of size of the
form upon which the resistance wire is
, ound. Thi is the same difference that
describes the old TYPE 214 and TYPE
371 Potentiometers.

The following table lists the resis
tance, current carrying capacity, code
word, and price of each of the new
units normally carried in stock.

TYPE 314 Potentiometers

Resistance Current I ~C::d Price

200 ohms 165111illiarnperes ENATE 4.00
600" 95 ENDOW 4.00

2000" 52 E EM Y 4.00
6000" 30 ENJOY 4.00

20,000 16 E HOL 4.00

TYPE 471 Potentiometers

Resistance Current
Code

PriceWord

50,000 ohnls L4.7 m.illiaml>cres EHODE 6.00
100,000 "

LOA "
ERm'T 6.00

200,000 "
7.3 "

ESKER 6.00

TYPE 214 POTENTIOMETERS
TYPE 214 Rheostats and Potenti

ometers are now supplied as poten
tiometers only. In other words, each
unit has three terminals-one con-

nee ted to the sliding contact and the
other two to either end of the re istor.
Thi change is a simplification that
will benefit the user, because it will
make it uuneces ary for him to make
any changes in a unit when the direc
tion of rotation is to be rever ed.

Prices on two sizes of the e units
have been reduced, and all orders
placed since February 8 have had the
benefit of the reduction.

The following table shows the total
resistance, maximum current, and
prices for all of the TYPE 214 Poten
tiometers regularly carried in stock
(for TYPE 214-B, Table MOlmting as
well as for TYPE 214-A, Panel Mount
ing). Only panel mounting models are
regularly carried in stock, however.

Price
Resistance Current

Old ew
--

0.750bm 4 amperes 1.50 1.50
2 ohms 2.5 " 1.50 1.50
7 " 1.3 "

1.50 1.50
20 "

0.75 anlpere 1.50 1.50
50 " 500 nuJliantperes 1.50 1.50

100 " 350 " 1.50 1.50
200 "

250 "
1.50 1.50

400 " 175 "
1.50 1.50

1000 " no "
1.75 1.50

2500 " 70 "
2.00 1.50

TYPE 371 POTENTIOMETERS
Effective February 8 the prices of

all tock sizes of TYPE 371 Potenti
ometers were reduced. These are listed
on pages 28 and 126 of Catalog F and
on page 12 of Bulletin 933. The linear
models (TYPE 371-A) are reduced to
$4.00 and the tapered model (TYPE
371-T) is reduced to 5.00.

JflI~

THE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requesls
for subscriptions and address-change notices to the

G(:N(:RAL RADIO COMPANY
30 State Street Cambridge A, Massachusetts
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ELECTRiCAL COMMUNiCATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

TESTING RADIO RECEIVERS ON THE ASSEMBLY LINEIT]HERE i, no otho< ,"ngl,

T test that will give the fig-
ur~ of merit of a radio reo
celver more accura tely'====::"

than the measurement of its over-all
sensitivity. Because it is one of the
fundamental characteristics of any re
ceiver, laboratory information on the
sensitivity is usually well known. A
quick comparison of the sensitivity of
the sets as they progress along the
final inspection line with the prede
termined laboratory standards has
proved to be a most satisfactory indi
cation that their performance is ac
ceptable.

It is ahnost always necessary to
align the ganged variable condensers
in a receiver during the final testing
operation and a good radio-frequency
oscillator is required for this. For su
perheterodynes, the alignment process
must be made at frequencies hoth in
the broadcast band and at the inter
mediate frequency. Since sensitivity
tests must also be made, the standard·
signal generator is often used as the
aligning oscillator.

The General Radio TYPE 601-A

Standard-Signal Generator has proved
to be a most usef·ul instrument for these
tests. Figure 1 on the next page shows
them in the final production line at the
Kolster Radio Corporation's factory in
Newark, ew Jersey.

In order to take care of the peak
production from this plant, ten test po
sitions are necessary. Each one has its
TYPE 601-A Standard-Signal Gener
ator mounted upon a cabinet contain
ing two loud-speakers (one is a stand-by
in case of trouble) and an output me
ter. The completely assembled chassis
are received in the test room from the
slowly moving conveyer which has car
ried them down from the assembly de
partments. The power and loud-speaker
leads are plugged in and the radio-fre
quency input from the standard-signal
generator, working through a standard
dummy antenua, is connected to the
proper terminals.

Each standard-signal generator has
two oscillator coils, one for the inter
mediate frequency and one for the
broadcast band, either of which may be
selected by a switch on the panel.
While working at the low frequency,
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FIGURE 1. Kobter Radio Corporation's inspection room where every receiver is aligned, checked
for sen itivity at several broadcast frequencies, and given a listening test. A dual-range TYPE

601-A Standard-Signal Generator is used at each of tbe ten test positions
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the intermediate-frequency system of
the receiver is lined up. Mter this ad
justment the generator is switched to
the high frequency and the general
line.up of the receiver is made.

The next step is to determine the
over-all sensitivity at several points in
the broadcast band. These test fre·
quencies are indicated by lines on the
main tuning dial. The generator is set
step-by-step to each of these frequen
cies, the receiver tuned to them one at a
time, and the sensitivity of the re
ceiver measured in the usual way by
observing the audio-frequency output
for a given signal input.

Standard output is marked on the
output meter in the lower cabinet and
just above it is the meter and multi·
plier of the standard-signal generator
showing microvolts input. In this way,

the operator has the whole story before
him. At times, he records his observa
tions on the charts provided and these
are most useful to the production su
pervisor.

As a final check, a loud-speaker is
turned on for a listening test.

Although the tests were originally
designed for broadcast-receiver meas
urements, sets intended for operation
at the police or aircraft frequencies
could also be quickly checked by chang
ing the coils of the standard-signal
generators.

Figure 2 is a view of the rear of the
TYPE 601-A Standard-Signal Gener
ator with the cabinet and batteries reo
moved. The two toroidal coils mounted
on the subpanel are for the radio-fre
quency oscillator. They are mounted on
pin jacks for interchangeability with

FIGURE 2. A view behind the panel of a TYPE 601·A Standard-Signal Generator. Either or both
of the plug-in inductors may be replaced with others to cover special bands
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FIGURE 3. Schematic wiring diagram for a TypE 601-A tandard-Signal Generator

other coils for different frequency
ranges. Selection between them is ac
complished by a four-point double
throw switch controlled from the front
panel.

After some experimentation, toroidal
coils were selected instead of solenoids
hecause, although a little more diffi
cult to build, they have so little exter
nal field that shielding i much simpli
fied.

The radio-frequency amplitude is
measured by means of a vacuum-tube
voltmeter. This is a tube operating in
the usual way by observing the incre
mental change in plate current due to
changing amplitudes of radio-frequency
voltage on its grid. The direct current
is read by means of the micro-ammeter
on the panel. II of the radio-frequency
circuits except attenuator are located
on the shelf and are covered by a shield.

Fastened to the under side of the
shelf is the audio-frequency modulator

circuit. It is a standard tuned-plate os
cillator operating at 400 cycles per
second with an amplitude sufficient to
provide modulation at either 30 or 50
per cent. ormally, the TYPE 601-A
Standard-Signal Generator is supplied
with 30 0 modulation, but if desired
General Radio can make the adjust
ments necessary for 50% modula tion
before the instrument is shipped.

The toroidal oscillator coil i tapped
and a small part of the total voltage
across it is led off through a shielded
conductor to the attenuator. In Figure
2 the casting in back of the modulator
circuit at the lower left comer of the
panel houses the complete attenuator
assembly. It is divided into three sep
arate compartments between which
the attenuation units are di ided so
that the total voltage reduction in each
does not exceed 40 decibels. Due to
stray admittances, it is virtually im
possible to exceed this attenuation
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within one shield without encounter
ing serious errors.

The whole attenuator assembly is in
contact with the front panel at only
one point-where the low-voltage out
put jack is located. This helps to re
duce circulating panel currents to a
point where they do not affect the
measurements at high frequencies to
any extent. The output voltage lead to
the receiver under test is shielded and
enters the attenuator through a plug
and jack construction that maintains
the continuity of the shield directly to
the attenuator circuit.

Two output jacks are provided, one
connected to the variable voltage out
put and the other to a fixed point on
the attenuator system at a higher volt
age. The former provides outputs vari
able in discrete steps from 1 to 20,000
microvolts. The fixed tap is at 100,000
microvolts. All of these range can be
multiplied by a factor of 1.5 by increas
ing the radio-frequency oscillator am
pli tude to the correct point as indica ted
by the vacuum-tube voltmeter.

Reference to the schematic wiring
diagram shown in Figure 3 will indi
cate the arrangement of the circuit
elements.

s will be noted, the modulation
voltage is introduced in eries with the
plate-supply battery of the radio-fre
quency oscillator. With this method of
modulation, it is necessary to provide a
highly stable high-frequency oscillator,
otherwise difficulty is encountered due

to frequency modulation. That is, the
plate voltage applied to the radio-fre
quency oscillator tube, varying at an
audio rate, may shift the carrier fre
quency by a considerable amount un
less the most stable high-frequency os
cillator circuits are used.

The vacuum-tube voltmeter is con
nected across one half of the oscillator
coil in series with a very small variable
condenser, which is used to adjust the
reading of the voltmeter. The attenu
ator voltage is taken across a part of
the coil.

Only one of the two radio-frequency
oscillator coils is shown in the diagram
for the sake of simplification. The
switching between these coils is ar
ranged so that the one that is not oper
ating is completely detuned by shunt
ing a large condenser across it. Thus,
no reaction can occur between it and
the coil in use.

In order to provide a means for
checking the voltages of the various
batteries without a multiplicity of me
ters, the micro-ammeter is connected
to a multi-point switch with suitable
series resistors for making direct
current-voltage mea urement on the
A- and B-batterie .

The General Radio Company wishes
to acknowledge it indebtedness to
Mr. C. E. Brigham and Mr. G. Elcock
of the KoIsteI' Radio Corporation for
their kindness in supplying the photo
graphs of their plant used in this
article.- ARTHUR E. THIESSEN
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LEANING MORE HEAVILY ON THE CRYSTAL

A New Piezo-Eledric Oscillat:or Circuit:

A N oscillator with frequency deter
". mined solely by a quartz crystal
has been the ambition of every de
signer and user of frequency standards.
Although it is still an ideal toward
which to work, such an oscillator is
brought one step nearer practicability
by a new circuit which makes it un
necessary for the crystal to be cali
brated in the oscillator with which it is
to be used. The marked improvement
in frequency stability of the new sys
tem is the principal reason for the
exceptional performance of the Gen
eral Radio frequency monitor which
so many broadcasting stations have
installed to meet the 50 cycle-per
second limit laid down by the Federal
Radio Commi ion.

All who followed closely the de
velopment of crystal oscillators during
the past few years 1 will not be shocked
on learning that the frequency depends
on other factors besides the mechanical
properties (elasticity, mass distribu
tion' etc.) of the crystal. True enough,
the crystal influence predominates but
the effect of the crystal holder, the
tube, and the au.:ciliary tu.ned circuits
can never be ignored where even a
moderate degree of accuracy in fre
quency is expected. Quite often these
latter influence the frequency more
than a big change in the temperature
of the crystal.

Any vacuum-tube oscillator operates
at that frequency for which the net cir
cuit reactance is zero. In a simple
tu.ned-plate oscillator, for example, the
resulting frequency is the resonant fre
quency of the tuned circuit modified by

the reactance introduced by the tube
and the feedback system.

A complete analysis of the mechan
ism by which the frequency shifts to a
value which makes the net reactance
zero is complicated. In brief, however,
it amou.nts to this: Anything that
causes a change in the reactance of any
element associated with the oscillator
will result in a change in operating fre
quency.

The same discussion applies directly
to a piezo-electric oscillator with the
important difference that the principal
frequency-determining element is not
an electrical circuit but an electro
mechanical system. The crystal has its
own resonance characteristic and it is
always possible, in theory at least, to
construct for any given crystal oscilla
tor an equivalent electrical circuit to
represent it. This equivalent circuit
will have many of the reactance charac
teristics of an ordinary tuned circuit
and the circuit will operate at a fre
quency for which the total reactance
of the crystal and its associated equip
ment is zero. And so, no matter how
closely a crystal may be grou.nd to de
sired frequency, the frequency that re
sults when it is operated in a circuit
will be modified by the reactance
characteristics of that circuit. So, also,
will the operating frequency shift if
changing voltages, temperature, etc.,
cause the reactance of tubes, coils,
condensers and crystal mountings to
change.

1 See GENERAL RADIO EXPERIMENTER for
February, 1930; October and ovember,
1930; and December, 1931.



APRIL, 1932-VOL. VI-No. 11 7

The obvious conclusion is, therefore,
that for high-precision frequency stand
ards, the crystal, and the oscillator
associated with it must be treated as a
single urnt when calibrations are made,
and the General Radio Company has
insisted that tbis be done wherever an
accuracy better than 0.1% is required.

slightly more liberal figure could
possibly be set by building the 0 ciIla
tors to even closer manufacturing
limits, but it has not been possible to
go very far in this direction without
running into prohibitive expense. Trans
mitter manufacturers get around this
by building crystal oscillators as a
unit and, when replacements are re
quired, shipping the customer a com
plete new assembly.

1£ some means could be found for
operating the crystal at its own
resonant frequency, the crystal could
be treated as a single unit. There are
very few circuit which make such
operations possible because of the diffi
culty in securing enough feedback for
the tube to drive the crystal, and, be
sides, there is now no practical way of
determining when the resonant fre
quency of an oscillating crystal has
been reached.

The be t alternative to opera ting at
the resonant frequency of the crystal
is a circuit which will permit of an
indica tion to show when the crystal is
operating at a given condition, such as
the new General Radio circuit which
was described in the December, 1931,
issue of the Experimenter.

The new circuit allows the crystal to
operate much closer to its true resonant
frequency than the circuits heretofore
available. But what is more important,
it is po sible to always duplicate the
original calibrating condition 0 long

The General Radio Frequency Monitor shown
mounted on a desk-type relay rack. Its excep
tional performance is due to the use of the

new crystal circuit

as the constants of the 0 ciliator cir
cuit are of approximately the same
order of magnitude as tho e of the
calibrating circuit. By adju ting the
tuning condenser of the circuit until
the plate current is a minimum, the
original calibrating condition can be
restored. This means that the constants
of the oscillator circuit can be allowed
to vary over fairly wide limits (due,
perhaps, to temperature and aging of
the elements), but it can always be
restored to normal by a readjustment
of the tuning condenser. Greater re
liance is placed on the crystal and less
on the circuit by the new system, which
is as it should be, for the crystal is
inherently more stable than coils and
condensers.

The fact that the new system
operates at a frequency near the
crystal's resonant frequency brings
about an improvement in the tempera-
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ture coefficient of the crystal. This is
becanse the crystal's reactance-fre
quency characteristic is steeper near
resonance, and for a given change in
reactance caused by a change in tem
perature, the frequency shift required
to restore the "zero reactance" condi
tion is smaller than would ordinarily
be required.

The new osciJIator circuit, as was
pointed out in the December Experi
menter, has an overall frequency sta
bility of something like ±S parts in a
miJJion. Frequency stability (some
times called deviation capability) is
the best available index of the relia
bility of a frequency standard. It is the
amount that the frequency will vary
due to changes in temperature, tubes,
etc., assuming that the changes all tend
to shift the frequency in the same
direction.

Freqnency stability of this high

order can, of course, be obtained only
if the crystal is operated at a power
level so low that internal heating
causes no appreciable rise in its tem
perature. This condition is readily
brought about in frequency-monitor
equipment where the oscillator is in
herently one of low power. Wbere
crystals are used to stabilize high
power transmitters, it is a very great
tempta Lion to operate the crystal at
high power levels thus reducing the
number of tubes required. The wisdom
of such design is debatable and is, per
haps, not to be recommended where a
high order of frequency stability is
demanded. Most of the economies re
sulting from high power crystal opera·
tion disappear, for instance, when it
becomes necessary to install very elab
orate temperature-control equipment
to secure anything approaching satis
factory frequency stability.

- JOHN D. CRAWFORD

WE'LL 51::1:: YOU IN CHICAGO MAY 23-26

GENERAL RADIO will exhibit
samples of all instruments de

veloped dming the past year in Chi
cago, May 23-26. The occasion is the
sixth annual Trade Show of the Radio
Manufacturers' Association held at the
Stevens Hotel.

Our display wiJJ include a number of
new pieces of equipment which have
not yet been announced. Among them
will be a precision standard-signal gen
erator, a direct-current-operated beat
frequency osciIJator, and a new vacuum
tube bridge.

T'HE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests
for subscriptions and address-change notices to the

GI::NI::RAL RADIO COMPANY
30 State Street Cambridge A, MassachuseHs
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O in the following pages of the
EXPERUIENTER, three are

_ of special interest to every
one intere ted in commtmication-fre
quency measurements. Both open new
fields for investigation.

The vacuum-tube
bridge, becau e it is ca
pable ofdetermining the
dynamic characteristics
of tube over so wide a
range, not only takes
care of all the receiving
type tubes now in use,
but will probably be
able to handle all tho e
developed for some time
to come. The new cir
cuit making po sible the
measurement of one
characteristic without depending on
other factors gives the new bridge a
general utility wherever vacuum tubes
are used.

The General Radio cathode-ray os
cillograph is made available for obtain
ing the wave shape (amplitude-time
characteristic) of a-c waves by the new

sweep circuit. This device produces the
necessary saw-tooth wave. Its fre
quency is controlled by the voltage
being studied, hence the pattern re
mains stationary.

The output power meter will, of
course, yield no in
formation not previ
ously obtainable with
a decade resi tance box,
sensitive meter, a slide
rule and a few moments
of calculation. It does,
however, save a con
siderable amount oftime
and equipment, and it
makes easy a measure
ment th a tis often
omitted because of the
labor heretofore in
volved.

This new equipment will be on exhi
bition at the Trade Show of the Radio
Manufacturers' As ociation in Chicago,
May 23 to 26.

There our friends in the Chicago
district, as well as the engineers of
the radio industry, will have the oppor
tunity of inspecting it.
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A BRIDGI:: FOR VACUUM-TUBI:: MI::ASURI::MI::NTS

EVER since the introduction of the
screen-grid tube there has been a

quite definite need for more satisfac
tory methods of measuring the dynamic
coefficient of vacuum tubes. More
recently introduced types have added
fre h difficulties, so that it is now de-

sirable to measure not only very high
amplification factors and high plate
resistances but also very small and
very large values of transconductance.

It has eemed desirable to develop
methods which could be applied with
out modification to the measurement

All the dynamic characteristics of all low-power tubes can be investigated for an extremely
wide range of values by the TYPE 561-A Vacuum-Tube Bridge
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of extreme values of the tube param
eters. It was felt furthermore that
the new equipment should be appli
cable to determining anyone of the
three coefficients directly, so that it
should never be necessary to make two
mea urements to obtain the quantity
of interest.

In attempting to meet these severe
requirement we have had to make
radical changes from the old methods
of measuring tube coefficients, with the
result that the new equipment bears
little resemblance to the conventional
test apparatu .

The photograph shows the panel
arrangement of the new TYPE 561-A
Vacuum-Tube Bridge. On the lower
half of the panel, below the filament
voltmeter, are located the controls of
the measuring circuits. On the upper
half are mounted four-, five-, and six
prong sockets, a transformer with
associated control for supplying a-c
filament power, and the necessary
terminals for ba ttery cOJlJlections.

o effort has been made to include a
complete tube control panel with
meters for measuring electrode voltages
and currents. The requirements of
different laboratories vary too widely
in this respect to permit the construc
tion of a generally acceptable arrange
ment. On the other hand a convenient
means of controlling and reading the
filament vollage is mo t important. A
double-range thermal voltmeter is sup
plied for reading either a-c or doc fila
ment vol tages up to 8 vol ts. The power
transformer contained in the instru
ment is provided with a sufficient
number of taps so that any a-c voltage
in this range may be obtained without
external connections.

It will be seen in the photograph

that there are terminals for the supply
voltages for the plate and for three
grids. Provision is therefore made for
the testing of the new pentodes in
which the suppressor grid may be at a
different potential from the cathode.

Special sockets may be plugged in
when tubes having unusual base or
special base cOJlJlections are to be
tested. In other cases, such as in testing
low-power transmitting tubes, it may
be convenient to make the measure
ments when the tube is extemally
mounted with its control apparatus.
The row of terminals just back of the
sockets is provided for this purpose.

Themeasuring-circuitcon troIs occupy
the lower half of the panel. All three
coefficients are determined by pre
cisely the same procedure. The three
position switch at the right of the
nameplate is turned to whichever
quantity is desired, the multiplier
switches are set at the appropriate
value for the tube being tested, and
balance is obtained by adjusting the
three decade switches and the capacity
balancing condenser. At balance the
decades read directly, to three signifi
cant figures, the quantity being mea
sured.

Mounting the panel at an angle makes for
easy reading when working at a table or at

a laboratory bench
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egative values of all three coeffi
cients may be measured by the same
process as readily as positive values.
The position of the switch at the left
of the nameplate determines whether
the quanti ty measured is positive or
negative.

Themultiplyingand dividing switches
control independent attenuators in the
circuits supplying the a-c voltages on
which the measurements depend. It
was found necessary not only to de
sign these circui t and their respective
attenuators with particular care, but
also to modify the fundamental scheme
of the measurements so that the results
would be independent of the ratio be
tween the plate resistance and the
plate-circuit impedance.

In a similar manner a new method of
balancing capacitance currents has
been adopted 0 tha t the measurements
do not depend on the ratio between the
plate resistance and the reactance of
the stray capacitances. It has been
found possible, therefore, to make
accurate mea urements of plate re
sistance when the reactance of the
plate-filament capacitance is con
siderably less than the tube resistance.

It has not yet been possible for us to

determine very closely the extreme
values which can be measured with the
new bridge. 0 difficultie have been
encountered in measuring plate re
sistances of 20 megohms and amplifi
cation factors of several thousand. In
the other direction measurements of
mutual conductance down to a frac
tion of a micromho and of plate re
sistances down to 50 ohms are readily
obtained. The range of the multiplier
extends considerably beyond the limits
given in both directions but special pre
cautions may prove necessary to avoid
external coupling between the oscillator
and the amplifier if it is desired to
extend further the useful operating
range of the instrument. It is believed,
however, that the TYPE 561-A Vacuum
Tube Bridge has a satisfactory margin
over the present requirements of the
vacuum-tube industry.

The necessary auxiliary equipment,
in addition to the supply voltages for
the plate and grids, includes a ource
of 1000-cps voltage, a sufficiently
sensitive amplifier, and a pair of head
telephones. Our TYPE 213 Audio
Oscillator and TYPE 514-A Amplifier
are recommended for thi u e.

-W. . T TILE

A POWER METER WIT~ A WIDE IMPEDANCE RANGE

DETERMINING the power that one
circuit can deliver to another is a

most important communication mea
surement. The LR.E. broadcast re
ceiver tests, for instance, require that
the loud-speaker be replaced by a load
circuit with a resistance equal to that
recommended for the output tube by
its manufacturer. The receiver is then

made to deliver 50 milliwatts into that
load.

The introduction by General Radio
of the output meter utilizing a rectifier
type voltmeter in conjunction with a
constant-impedance multiplier made
such power measurements considerably
simpler. The output meter has had a
wide acceptance in the field, in spite of



MAY, 1932-VOL. VI-No. 12 5

The method of using the output power meter can he seen from an inspection of the engraved
scales. Full-scale deflection of meter corresponds to 50 milIiwatts for a multiplier setting of "1"

the fact that its resistance was limited
to a single value: 4000 ohms at first.
Later output meters for 8000 and for
20,000 ohms were made available.

Now, General Radio has developed
an output meter of radically new de
sign, in which the load resistance can
be adjusted to cover a wide range, with
the indicating element direct reading in
milliwatts. Figure 1 shows the new
TYPE 583-A Output Power Meter.

At the left are the two switches whose
settings determine the resistance pre
sented to a circuit connected across the
two input terminals. The upper switch
permits the selection of ten values
which are approximately equally
spaced on a logarithmic scale; the
lower switch is an impedance multi
plier. Hence, the impedance range of

the instrument is from 2.5 ohms to
20,000 ohms.

At the right of the panel i a copper
oxide-rectifier voltmeter calibrated in
milliwatts. Below it is the meter multi·
plier, which, when adjusted, makes the
full-scale reading of the meter take
successive values of 5,50,500, and 5000
milliwatts, respectively.

Obviously, the power scale can also
be calibrated in decibels. This has been
done, and both the meter and its
multiplier carry auxiliary decibel scales

z

Schematic circuit diagram for the TYPE 583-A
Output Power Meter
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The TYPE 6] 3-A Beat-Fl'~uency0 cillator is operated from batteries inside the cabinet

7

individually calibrated and the dial
individually engraved.

Some frequency drift is inevitable
in a beat oscillator of any type. This
arises from the fact that the output of
the oscillator is obtained from the beat
note between two oscillators of super
audio frequency. A change in the fre
quency of either oscillator will make a
much larger percentage change in the
beat frequency. Because of the prac
tical impossibility of building compo
nent 0 cillators to be entirely free from
frequency drift, orne simple means of
correcting for drift must be provided.
In the TYPE 613-A Beat-Frequency
o cillator a zero adjustment is fur
nished by means of which the two oscil
lators are set to zero beat when the
main scale is set at zero. A milliamme
ter in the plate circuit serve a a beat
indicator.

The instrument can be et to zero
beat to within about a cycle and the
scale is checked to within a cycle at all

calibrated point so that the indicated
frequency with the zero properly et is
within two cycles at all settings of the
dial.

The output has been carefully fil
tered so that purious high frequencies
are not present. The output character
istics may be summed up briefly as
follows: Average voltage, 15 volts. The
actual voltage doe not depart from
the average value by more than 20%
over a range of 100 to 10,000 cycles.
The harmonic content of the output is
less than 2%. The range of calibration
is 5 cycles to 10,000 cycles. The maxi
mum powel· output occurs at a load of
5000 ohms and is 10 rnilliwatts.

The TYPE 613-A Beat-Frequency
Oscillator requires three 230-type and
one 231-type tubes. The battery re
quirements are two o. 6 dry cells and
two 45-volt B blocks.

The price of the TYPE 613-A Beat
Frequency Oscillator is £210.00.

- CHARLES T. BURKE



6 THE GENERAL RADIO EXPERIMENTER

based on a zero reference level of one
milliwatt. Readings may be expressed
in terms of any other reference level by
adding the proper correction term.

The ecret of this unusual instrument
is the variable-ratio transformer shown
in the accompanying schematic dia
gram. Thi transformer must be a good
approach to an ideal transformer. It
must respond over a frequency range
of 20 to 10,000 cycles per second, and
it must be so constructed that the losses
are as nearly constant as possible for
everyone of the ratio adjustments. A
compensation network operated by the
ratio changing switch corrects for small
differences, so that for all ordinary pur
poses the transformer has a constant
loss. The instrument always presents a
nearly re i tive impedance to an ex
ternal circuit.

The principal application of this in
strument will, of course, be in the te t-

ing of radio receivers. It will not only
serve in the standard selectivity, sensi
tivity, band-width, and fidelity tests,
but it can also be used for measuring
with fair accuracy the output of the
receiver for different frequencies when
once the impedance characteristic of
the speaker is known.

The output power meter is also use
ful for determining directly the output
power characteristic of any circuit as a
function of load impedance. It is useful
when making measurements on oscilla
tors, amplifier, transformers, etc.
Conversely, the internal output im
pedance of the circuit under test can be
measured by determining the load im
pedance for which maximum power
output is secured. Other uses will prob
ably suggest themselves to the reader.

The price of the TYPE 583-A Output
Power Meter is 85.00.

-.lOR D. CRAWFORD

A NEW BEAT-FREQUENCY OSCILLATOR

I designing the TYPE 613-A Beat
Frequency Oscillator, our object has

been to incorporate in a battery-oper
ated type of instrument the desirable
feature of good waveform, frequency
stability, and an open scale which are
contained in the TYPE 5l3·B Beat
Frequency OscilJator (a-c opera ted)
brought out last year.

The distinguishing characteristic of
a beat-frequency osciJlator are ability
to maintain a constant output voltage
over a wide frequency range and ability
to cover a wide range of frequency with
a single control. Two oscillators are

used, one of fixed frequency, the othet'
of variable frequency. The beat note
between the two oscillators is passed
through a detector and amplifier and
becomes the output of the oscillator.

The fact that a wide frequency range
is covered by a single control necessa
ri.ly presents difficulty in obtaining an
open and easily read scale. In the TYPE
6l3-A Beat.Frequency Oscillator, a
straight-line-frequency condenser has
been used, which results in a practically
logarithmic scale spread around 2700

oftbe dial. Thi scale is open and easily
read at all points. Each instrument is



8 THE GENERAL RADIO EXPERIMENTER

A 200,OOO-OI-lM GAIN CONTROL

OUT

Each step on the TYPE 642·D Volume Control
corresponds to an attenuation of 3 decibels,

ly used in circuits drawing no current,
a current of 4 milliamperes will not
cause a temperature rise sufficient to
change the rated accuracy of calibra
tion.

The frequency characteristic of any
reasonably non-inductive potentiom
eter connected to the grid of a
vacuum tube depends almost entirely
upon the capacitance of this circuit.
The TYPE 642 Volume Control can
be worked into a capacitance of 40
micromicrofarads with an error of not
more than 0.1 decibel at 10,000 cycles
per second. Since the capacity of the
usual vacuum tube and its socket at
the grid terminal is less than 20
micromicrofarads, a negligible error
will result at 10,000 cycles per second
and the rated accuracy of 0.1 decibel
will hold to approximately 20,000
cycles per second.

The amount of this error is also
largely dependent upon the position
of the contact arm and the figures
mentioned above are for the worst
conditions; that is, for attenuations
of 3 or 6 decibels. The error is very
much less at the higher values of at
tenuation.

o

The extremely high impedance of this
volume control makes it ideal for use across

the grid circuit of an amplifier

\~

DE.CIBELS
15

IN many voice amplifier circuits a
high-impedance gain-control poten

tiometer in the grid circuit is essen
tial. The TYPE 642-D Volume Control
is primarily designed as a high quality
unit for the various types of amplifiers
of this sort. It may be used in any
standard voice amplifier circuit, con
nected across the secondary of the
input or interstage coupling units.

The total resistance is 200,000 ohms,
divided into ten equal steps of 3
decibels, providing a total attenuation
of 30 decibels. Each resistance unit is
adjusted to an accuracy of +1%,
which gives attenuation ratios to with
in approximately 0.1 decibel. Because
of its high impedance, accuracy of cali
bration, and compactness, its use as a
multiplier for vacuum-tube voltmeters
is also recommended. Although normal-
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The switch arm is constructed of
four-leaf spring phosphor bronze, which
provides for long wear and exception
ally low electrical contact noise. The
construction is similar to that employed
in the precision TYPE 602 Decade
Resistance Boxes. A cam-type detent
is provided. This may be removed
ea ily jf smooth action is required.

The over-all dimensions are 37(6
inches diameter and 37i inches depth
behind the panel.

The price is $25.00.
Modifications of the standard unit

for different impedances and attenua
tions per step can be arranged on
special order.

-ARTHUR E. THIESSEN

A LINEAR TIME AXIS FOR THE CATHODE-RAY
OSCILLOGRAPH

IN the past, use of the cathode-ray
oscillograph has been considerably

restricted due to the lack of an ade
quate means for obtaining the linear
time axis that is necessary if wave
shapes are to be observed. Although
Lissajous figures are convenient in mak
ing frequency comparisons, they are in
many cases entirely useless for examin
ing the actual form of a wave.

Rotating mirrors and moving-film
cameras have been used with varying
degrees of snccess. The former, how
ever, are limited to rather slow mirror
speeds and the latter to photographic
records.

The other common method for ob
taining a linear time axis is the so-called
sweep circuit. This consists of a means
for generating a "saw-tooth" wave

The General Radio cathode.ray oscillograph. At the right is the sweep circuit and behind it the
power-supply unit for the oscillograph tube
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A

Here is what the sweep circuit does. Alternating voltages may be applied to the vertical
deflecting plates (as in A) or to the horizontal plates (as in B). Pattern C results when
Eu and E" are a);>plied simultaneously, the frequencies fv and fh being the same. If Eh
is a "saw-tooth' wave derived from a sweep circuit and Eu is an alternating current

wave to be examined, the wave shape of Eu appears in Pattern D

which, when applied to one pair of the
oscillograph deflecting plates, produces
a linear time axis. Commercial types of
sweep circuits have, however, been
restricted to operation over narrow
ranges of frequency and amplitude. Fur
thermore, the problem of controlling
the sweep circuit to keep in step with
the waveform being observed, provid
ing a stationary pattern on the oscil
lograph screen, has caused considerable
trouble.

In order to overcome this limitation
in the use of the cathode-ray oscillo
graph and provide a convenient
means for waveform examination, the
General Radio Company has devel
oped the new TYl'E 506 Sweep Circuit.
While it is intended primarily for use
with the General Radio cathode-ray
oscillograph, it can also be used with
similar oscillographs of other manu
facture. It provides a practically linear
time axis so that the waveform being
observed is seen directly upon the fluo
rescent screen of the oscillograph.

A great advantage of this new sweep
circuit is that its action may be easily
controlled, that is, the periodic move
ment of the fluorescent spot may be
made to coincide exactly with the fre
quency, or some submultiple of the fre-

quency, of the wave being observed,
thereby causing the pattern on the
fluorescent screen to remain stationary.
This makes careful examination of re
current waveforms possible, and if de
sired, photographs may be taken of the
patterns as they appear upon the
screen.

The TYPE 506 Sweep Circuit has
been carefully designed to provide a
very high degree of control over the
sweeping action. Separate adjustments
are provided for changing the sweep
frequency and length of sweep, as well
as for regulating the amount of control
voltage applied and adjusting the posi
tion of the pattern on the fluorescent
screen.

Extreme care has been taken in the
design of the control system so that no
interference is transmitted from the
sweep circuit itself back through the
control circuits. Therefore, it is possible
to obtain the control voltage from the
same source as the observed wave with
out having the sweep circuit itself
affect the form of the observed wave as
seen upon the fluorescent screen.

The sweep circuit controls so readily
that it may be used for examination of
many types of transient phenomena.
If a voice or music wave is impressed
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upon it, it will lock into control a t some
low frequency or its submultiple in the
voice or music wave. It is, accordingly,
possible to study the waveform of any
sustained note or sound, as well as to
see many of the transients involved.

The principle of operation of the
General Radio sweep circuit is very
simple, but considerable care was re
quired in constructing suitable equip
ment to carry out this principle satis
factorily. The circuit is, in effect, a
modified form of relaxation oscillator.
A condenser is charged at a constant
current until the voltage across its ter
minals reaches a certain predetermined
value. At this point, a special mercury
vapor tube breaks down and discharges
the condenser practically instantane
ously. The voltage across the terminals
of the condenser is applied to the hori
zontal deflecting plates in the cathode
ray oscillograph, thus causing the fluo
rescent spot to travel in one direction

at a practically constant velocity and
then return almost immediately to its
original position.

The voltage at which the discharge
tube operates is controlled by a grid in
the tube. This controls the amplitude
of the sweep. The rate at which the con
denser charges is controlled by the cur
rent limiting tube. This controls the
velocity of the sweep. By introducing a
small alternating voltage in series with
the direct bias on the grid of the dis
charge tube, the sweep circuit may be
made to lock in step with an alternating
voltage near its natural frequency.

The General Radio TYPE 506 Sweep
Cil'cuit is completely a-c operated and
carefully shielded. It is mounted in a
small walnut cabinet of the same size
aud shape as the TYPE 496-B Power
Supply Unit for the cathode-ray oscil
lograph.

The price of the TYPE 506 Sweep
Circuit is $160.00.- H. H. SCOTT

A STANDARD-SIGNAL GI::NI::RATOR FOR TI-II::

MI::DIUM PRICI:: FII::LD

THE development of radio receivers
for operation at high frequencies has

had its corollary in a demand for a sat
isfactory standal'd-signal generator to
go to very high frequencies. A careful
study of the problem has indicated that
generators similar in general construc
tion to those now employed can be used
with suitable design modification at
frequencies as high as 15 megacycles.
It is believed work at higher fTequen
cies will require a rather different de
sign of signal generator and attenuator
system from that now used.

The General Radio Company has
had under development for the last
year a new signal generator designed to
meet the need for dependable behavior
at high frequencies. The TYPE 603-A
Standard-Signal Generator which will
be shown at the Chicago Trade Show
is the result of this development. This
signal generator may be used over a
frequency range extending from 100
kilocycles to 15 megacycles.

Over this range its performance is
welJ within the limits of accuracy
which we have become accustomed to
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The main tuning control for the TYPE 603-A Standard-Signal Generator carries a dial with 600
divisions. The microscope at its right is an aid in making close settings; the triangular index

at the left is for use with calibrations filled in with pencil by the u er

expect from signal generators in the
broadcast-frequency range. It is capa
ble of modulation up to 90% at broad
cast and higher frequencies. Internal
modulation at 400 cycles is provided
and provision is made for external mod
ulation as well.

The new standard-signal generator
will be used for the usual fidelity, sensi
tivity, and selectivity tests on receivers
throughout the very wide frequency
range for which it is adapted. It is also
suitable for field- trength measure
ments throughout this wide range, since
it is semi-portable and can easily be
transfened in an automobile.

The new standard-signal generator
has a number of interesting design
features. The shield has been so modi
fied without increase of leakage that it
is not necessary to remove any screws
in order to change coils. Immediate
access to the coil compartment is ob
tained by raising the lid on the cabinet.

Space for the extension coils is also pro
vided inside of the cabinet. Leakage
around the lid is avoided by a refrigera
tor-door type of construction in the
shielding.

An interesting new type of attenu
ator and shield has been evolved. The
usual resistance type of attenuator has
been used with a modified construction
as made necessary by the much higher
frequencies involved. The attenuator
is enclosed in a ectionized shield which
makes possible very large attenuations
even at frequencies at 15 megacycles
wi thout serious errors.

The controls are shown on the front
of the panel. Those at the right govern
the radio-frequency circuit, those at
the left the modula tion circuit. The
carrier frequency is controlled by a
large dial with slow-motion adjust
ment. This dial carries an accurately
engraved scale of 600 divisions, spread
around 270 degrees of its circumfer-
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ence. The use of this dial in conjunc
tion with a coil spread of approximately
2 to 1 in frequency makes possible di
rect calibration of the main frequency
scale for use in selectivity and band
width determinations. Calibration
charts are provided and they are of
such size as to be read to the same
accuracy as the dial scale.

Two additional convenience features
will be noted on this dial: The magnify
ing glass over the main index greatly
assists in setting and reading the scale.
The secondary index, together with the
space on the dial rim for extra scales,
permits calibration of the instrument
at special points to suit the user's
requirements.

The carrier-frequency output voltage
is controlled by the three adjustments
in the lower right section of the panel.
The carrier amplitude is adjusted, by
means of the middle control, to a refer
ence line on the right-hand meter.
Maintaining this adjustment constant,
the output is adjusted by means of the
slide wire labeled microvolts and the

multiplier. Continuous variation from
one volt to 72 microvolt is provided.
The output is taken off from the shield
ed plug terminals in the lower right
edge of the cabinet.

The modulation-control system is
shown at the left. The meter indicates
the modulation voltage and is set by
means of the modulation amplitude con
trol to a reference line. With the per
cent modulation dial set at the desired
modulation percentage, external mod
ulation may be connected at the ter
minals indicated and controlled in the
same manner.

In condensed form the performance
characteristics, in the new signal gener
ator, are as follows:

Frequency range: 100 kilocycles
to 15 megacycles.

Accuracy of the output voltage
at 1 microvolt: 3% in the broad
cast range and below, 10% at 10
megacycles, and 12% at 15 mega
cycles.

The output voltage range per
mits continuous adjustment from

The attenuation system for the new standard-signal generator viewed from the back. The
casting at the left contains the slide wire; the one at the right is the "mouse-trap-type" step

by-step attenuator
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~ miCl"Ovolt to one volt. Four
hundred-cycle internal modula
tion is provided and the apparatus
can be modulated with either in
ternal or external modulation up
to 90% at broadcast and higher
frequencies.

The frequency modulation total
swing does not exceed 200 cycles
under the worst conditions in the
broadcast band. At the RMA test
frequencies it amounts to about 50
cycles.

The reaction of the attenuator
on the carrier frequency is less
than 150 cycles under all condi
tions.

Retu rn the Ca rd
•

Please don't forget to
return the card that was
clipped to page 1 of
your copy of the EXPERI.

MENTER*

It's the only way we
have of keeping our mail
ing list correct and up to
date.

*To distribute the load on our
mailing department, some cards
were sent with the April issue
and some with this (May) issue.
Cards have been sent to every
one except those whom we added
to the list after April 1, 1932.

The input impedance at the ex
ternal modulation terminals is
approximately 5000 ohms and a
power of about 100 milliwatts is
necessary to modulate the instru
ment to 30% throughout its range.

The radio-frequency output im
pedance is 10 ohms up to 10,000
microvolt setting.

The price of the TYPE 603 Standard·
Signal Generator is $600.00. This in
cludes the two calibrated inductors
necessary for covering a frequency
range of 420 to 1900 kilocycles, which
includes the broadcast band.

-C. T. BURKE

MISCELLANEOUS RECENT
DEVELOPMENTS

The instruments illustrated on pages

15 and 16 are all recent developments.

All except the new TYPE 654-A

Voltage DivideI' have been described

in some of the previous issues of the

EXPERIMENTER.

The TYPE 654-A Voltage Divider is

a combination of two sets of decade

resistance units connected in series

with the output voltage taken off across

one set. When the resistance of the

"output" unit is increased, the re

sistance of the other unit is simul·

taneously decreased to maintain con

stant total series resistance. This

voltage divider performs the same

function as the older TYPE 554 Voltage

Divider it supet·sedes.
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This precision voltage divider yields
ra tios of 0.001 to 1.000 in decade
steps of 0.001. The total resistance
presented by the input terminals al
ways remains fixed at 10,000 ohms,

since the resistance taken from any
one unit is simultaneously added to
its mate.

The price of the TYPE 654-A Dec
ade Voltage Divider is $85.00

This equipment measures distortion
factor. Left to right: TYPE 536-A Dis
tortion-Factor Meter, $140.00; TYPE

514-A General-Purpose Amplifier,
$70.00; and TYPE 488-HM Galvanom
eter, $30.00
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TYPE 601-A Standard-Signal Gener
ator is designed for production testing
and airplane-receiver service work.
Price $210.00

This standard-signal generator is
recommended for laboratories where
speed as well as precision are impor
tant factors. TYPE 600-A Standard
Signal Generator, $885.00

Freedom from
noise, uniform
attenuation, and
low price are fea
tures ofthe TYPE
652 Volume Con
trol. Price$12.50

TYPE 602 Decade-Resist
ance Boxes have submount
ed switches and are shielded
against stray fields

T'llE GENERAL RADIO COMPANY mails the Experimenter, without churge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests
for subscriptions and addres.-change notices to the

GENERAL RADIO COMPANY
30 State Sheet Cambridge A, Massachusetts
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ELECTRiCAL COMMUNiCATIONS TECI-INIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

: : = =

WAVEFORM STUDIES WIT~ T~E CAT~ODE-RAY

OSCILLOGRAP~

ltl~~~::iiHE absence of any appreci-

T able inertia in a beam of
fast moving electrons gives
the cathode-ray oscillo-

graph an inherent advantage over all
other type for the study of waveforms
involving a wide range of frequencies.
However, linear frequency response
does not, in itself, guarantee a useful
o cillograph, and it is only recently
that tube limitations have been over
come and sati factory auxiliary equip
ment developed to make possible
exacting study of periodic phenomena
up to 50,000 or 100,000 cycles per
econd.

The General Radio cathode-ray os
cillograph tube is of the low-voltage
type, employing anode potentials of
500 to 2000 volts to accelerate the
electrons emitted by the alternating
current heated filament. The arrange
ment of the tube elements is shown in
Figures 1 and 2.

There are two pairs of electro-static
deflecting plates; one to produce hori
7,ontal deflection, and the other to pro
duce vertical deflection. If an alternat
ing voltage is applied to either pair, the

beam will be deflected rapidly so that a
traight line appears upon the screen.

Obviously, some means of providing
a time axis so that phenomena may be
een in their true amplitude-time rela

tionship is most desirable. The rotating
mirror has been used with vibrating
element oscillographs, and is also use
ful with the cathode-ray instrument.
When the line produced by voltage
acros one pair of plates is viewed in a
rotating mirror arranged with its axis
parallel to the line on the fluorescent
screen, the waveform may be seen, if
the mirror is turning at a suitable
speed.

The use of the rotating mirror with
the cathode-ray oscillograph is ome
what limited in its applications since
careful observation of the higher fre
quency phenomena to which the
cathode-ray tube will respond would
involve very high mirror speeds.

But probably the most serious dis
advantage of the rotating mirror is its
inability to keep in synchronism when
the frequency shifts. Although the
mirror speed may be adjusted so that
a stationary pattern i obtained of the
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FIGURE 1. The General
Radio cathode-ray oscillo
graph tube. The inside of
the glass at the large end is
coated with a fluorescent
substance on which the
moving beam of electrons

traces patterns

as well as upon the brilliancy of the
cathode-ray spot and the speed with
which it moves. In this connection, it
i obvious that higher frequencies will
produce fainter records than lower fre
quencies, since the actual length of the
record wiII be considerably greater for
a given length of film, consequently re
ducing the amount of light to which
any particuJar pot of the film is ex
posed. 1

It is evident that some other means of
visual waveform examination is desir
able. Since the oscillograph is arranged
with deflecting plates so that two di
mensional figures may be seen upon the
screen, the possibility of being able to

FIGURE 2. Electrode structure of the oscillo
graph tube. The negatively charged cylinder
concentrates the electrons emitted by the fila
ment so that practically all pass through the
small hole in the anode. The beam passes be-

tween each pair of deflecting plates

1 The General Radio cathode-ray osciUograph
tube is characterized by the unusual brilliance
of the pot. With plate voltages of the order
of 1500 to 2000 volts, the patterns on the
fluorescent screen may easily be seen by a
large group of person in a lighted room. The
fluorescence is unusually actinic, thus facili·
tating photography.

constant-frequency phenomena, any
change in the frequency will cause the
pattern to move. If the frequency
change appreciably, the pattern will
probahly move too quickly to be of
any value.

Another method of obtaining a time
axi i the moving-film camera. Where
a photographic record ofa non-recurrent
phenomenon is desired, this undoubt
edly is the most satisfactory equip
ment. The General Radio Company
has perfected moving-film cameras for
various uses which will operate satis
factorily at film speeds up to 15 feet
per second, giving a reasonably clear
representation of any phenomenon
involving frequencies in the audible
spectrum.

The camera is, of course, limited by
mechanical and photographic factors,
including maximum velocity at which
the film can be driven without tearing,
and the maximum film "speed" at
which proper photographic records can
be obtained. Tbe latter depends to a
great extent upon the optical system
and the type of film or sensitized paper,
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FIGURE 3. A record of speech made with sen itized paper traveling at 6X feet per second. Each
of the dots in the line above the trace repre ents one millisecond. The reproduction suffers
from the halftone screen required for the preparation of a printing plate, but the original is

more than satisfactory for any purpose of analysi

see a waveform without the use of ex
ternal mechanical equipment suggests
itself.

If alternating voltages are applied
simultaneously to both pairs of de
flecting plates in the cathode-ray tube,
Lissajou's figures will be formed, re
maining stationary when one applied
frequency i an exact multiple of the
other, By proper interpretation of these
figures, fTequency comparisons can be
made, but except to a skilled observer,
little knowledge as to any deviation in
the waveforms from a pure sinusoidal
form can be gained.

Thi type of pattern can frequently

FIGURE 4. Characteristic Lissajou figure from
applying a voltage E" across horizontal plates
having exactly %oth the frequency and twice
the amplitude of the voltage E v applied to the
vertical pair. Note that the pattern near the
center is an approximation to the true shape
of Ev since the spot velocity due to E" is
nearly constant in this region. The "hack
trace" coincides with the forward sweep for

this particular phase difference (90°)

be made more useful when the wa e be
ing observed has a high frequency com
pared with the other or timing wave.
If, for instance, a low-frequency timing
wave, say 60 cycles, is impressed across
the horizontal deflecting plates, and
another recurring 600 times a second is
impressed on the vertical plates, a pat
tern will be formed upon the screen
which, with a little imagination, can be
visualized as the 600-cycle wave.

If some system is used whereby the
cathode-ray beam can be deflected
across the screen at a constant velocity,
an actual representation of any wave
may be seen in linear relation with re-
pect to time. Furthermore, if the beam

can be made to traverse the screen at
the desired speed, in one direction onl ,
and then return in tantaneously to its
starting position, only a single repre
sentation of the waveform wiII be seen,
whereas, with the sinusoidal tilning
wave previously mentioned, two views
of the wave are seen, one going in each
direction. The frequency at which the
cathode-ray beam sweeps across the
screen must, of course, coincide with
the frequency of the obsel'ved wave or
ome submultiple of it, or the pattern

will appear to move.
To provide a source of a controlled

linear timing ,ave or "sweep," the
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FIGURE 5. Output waveform of one TYPE
506·A Sweep Circuit as shown on the cathode
ray oscillograph using another to supply the
linear time axis. Note the close approach of

each trace to the ideal straight line

General Radio Company has developed
the new TYPE 506-A Sweep Circuit,
which was announced in last month's
issue of the Experimenter. The sweep
circuit provides a timing wave having a
aw-tooth form, as shown in Figure 5

by means of a circuit which is shown
diagrammatically in Figure 6.

The condenser C and the cutTent lim
iter tube are connected in series across
a source of 500 volts, d.c. Current flows
in the circuit, charging the condenser,
but since the current is limited to a
certain maximum value, the voltage
rises at a constant rate rather than ex
ponentially, as would otherwise be the
case.

Across the condenser is connected a
mercury-vapor discharge tube (TYPE
506-Pl). This tube is provided with a
control grid so that it can be arranged
to break down at any predetermined
value of plate voltage. When this volt
age is reached, the discharge tube
flashes, discharging C, and reducing the

oltage acro sits term:inal to practi.

OUTPUT

+

500\l.-DC

R<,.--<~_.....J

cally zero. The flash in the discharge
tube is then extinguished and the con
den er charges again, going through
the same cycle as before.

The voltage across the condenser ter
minals, accordingly, has the waveform
shown in Figure 5, and if the horizontal
deflecting plates of the cathode-ray os
cillograph are connected across the tel"
minals of C, the fluorescent spot will
have a periodic horizontal movement,
crossing the screen at a constant ve
locity and then returning quickly to its
original position.

The amplitude of the saw-tooth
wave, that is, the horizontal length of
the path traversed by the fluorescent
spot, is determined by the voltage at
which the discharge tube operates,
which is controlled by the d.-c. bias on
the grid of this tube. This bias is ad
justable, so that the sweep may be long
or short, as desired, and may be kept
within the limits of the fluorescent
screen, regardless of the anode voltage
used on cathode-ray oscillograph tube.

By varying C and the maximum cur·
rent passed by the current limiter tube,
the speed at which the voltage acros
the condenser rises may be coutrolled.
These two adju tments are used in the
General Radio weep circuit to adjust
its natural frequency.

ince it is desirable to be able to cen·

506-PI SHIELDED

DISC HAR G/ TUBE r-_T_R_AN-.,.S,F,;;3:....R_M_ER-o

CONTROL

FIGURE 6. Schematic diagram of the TYPE 506-A weep Circuit
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tel' the pattern on the fluorescent screen
of the oscillograph, an auxiliary po
sition control i provided on the sweep
circuit which consi ts of the vol tage
divider R. It will be seen from Figure 6
that the horizontal deflecting plates of
the oscillograph are so connected to the
weep circuit through R and the C2

that a variable direct voltage bias is
impressed upon the deflecting plates in
addition to the aw-tooth wave. This
makes it possible to move the entire
pattern horizontally in either direction
on the fluorescent screen.

Probably the most important feature
of the General Radio sweep circuit is
the manner in which the instrument is
made to synchronize with any observed
recurrent phenomena. A voltage of the
frequency of the observed wave, usu
ally obtained by direct connection to
the vertical deflecting plates, is im
pre sed across the terminals marked
co TROL. A shielded tra nsformer
transmits this voltage to the grid cir
cuit of the discharge tube. If, without

the control voltage connected, the cir
cuit is adjusted to operate at approxi
mately the desired frequency, introduc
tion of the source of control voltage
will cause the sweeping action to syn
chronize exactly with the observed
wave. Not only is the transformer
shielded, but it is so designed that, in
connection with a resistance network,
it reduces to a negligible value any in
terference which might be transmitted
from the discharge tube back through
the control circuits. A volume control
is also included for varying the amount
of control voltage applied to the dis
charge tube grid so that the best oper
ating point may be secured without
the use of external equipment.

The sweep circuit is completely
shielded to minimize interference, and
de igned so that the mercury-vapor
discharge tube operates at the correct
temperature. The instrument includes
power-supply equipment, so that it op
erates entirely from the US-volt, 60
cycle lines.

FIGURE 7. The TYPE 506-A Sweep Circuit is shown at the right of the mounted oscillograph
tube and its a-c operated power supply equipment
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Because of the automatic control
feature of the sweep circuit, this equip
ment may be used for visual and photo
graphic examination of all types of re
current phenomena occurring at audio
frequencies, as well as certain types of
transients and recurring waveforms in
volving frequencies up to approximately
100 kc. Since the sweep circuit may be
contwlled by the waveform under ex
amination, it may be made to lock in
step, not only on absolutely recurrent
phenomena, but on many types of

_ phenomena involving shifts in fre
quency and amplitude. For instance,
complex audio-frequency waves, such
as are emitted by musical instruments
or an orchestra, may be observed while
music is being played, since a station
ary pattern will be obtained on any
tone which is sustained long enough for
observation.

The photographs of Figure 8 were
taken with a small pocket-type of
camera (Ansco Memo) using 16-milli
meter sensitized paper. The camera was
equipped with an f/3.5 anastigmat lens,
and 1/10th second exposure was al
lowed for each oscillogram.

Because of the linear frequency re
sponse of the oscillograph, the detail
with which the various harmonic com- ,
ponents of a sound are shown depends
only upon the excellence of the micro
phone and amplifiers employed. The
amplifying system used had an excel
lent frequency characteristic and no
noticeable hat'monic distortion.

-H. H. SCOTT

FIGURE 8. Sustained notes from a Bl> clarinet (left) and a C-melody saxophone (right) as they
appear on the oscillograph screen using the TYPE 506-A Sweep Circuit. Exposure: 0.1 second

for each record
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VARIABLE INDUCTORS FOR BRIDGE MEASUREMENTS

7

IT is a peculiarity of bridge measure-
ments practice that, while variable

(continuously adjustable) capacitance
standards are almost universally used
in preference to fixed standards, a gen
eral preference for fixed inductance
tandards over variable standards has

prevailed. There are, as a matter of
fact, many cases where measurement
methods can be improved by the use of
a continuously adjustable inductor or
variometer.

The use of such an instrument per
mits the use of equal arm bridges for
inductance measurements. Equal arm
bridges have very distinct advantages,
particularly at higher frequencies, over
bridges where adjustable bl·idge arms
are relied upon for a bridge balance.

The whole technique of precision
capacitance measurements has been de
veloped around equal-arm bridge sub
stitution methods. The same technique
can be adapted for inductance mea
surements with advantage in many
cases, although variable inductance
standards have not been developed to
as high a degree of precision as have
variable standards of capacitance. The
variometer balance is of particular
value where repeated measurements
are made on units of approximately the
same size, as this type of standard is
very well adapted to a limit bridge.

A variometer for laboratory bridge
work should have an inductance which
will remain constant to within narrow
limits over a wide frequency range.
The resistance should be low. In some
applications ruggedness and ability to
stand large currents are important.

Undoubtedly one of the reasons why
the substitution method has not been
more generally adopted for inductance

measurements is the limitations of the
available types of laboratory variom
eter. The General Radio line of lab
oratory variometers, TYPE 107, has
recently been rathel· extensively rede
signed and improved with this type of
application in view. The new variom
eters are now available in stock.

One of the new TYPE l07-M Variable In
ductors with rotor and slator connected in

parallel

The new TYPE 107 Variable Inductors
are wound with stranded wire having
individual strands separately insulated
from each other in order to keep down
high-frequency resistance. The coils
are impregnated and baked in a high
melting-point material so that the
variometers can be run 40 degrees
centigrade above room temperature
without damage. The mechanical ar
rangement of windings has been
changed so as to provide a more nearly
linear calibration and a new type of
slow-motion dial has been provided.

In order to provide the maximum in
ductance range for each variometer,
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provision is made for connecting the
coils either in series or in parallel. The
rotor and stator inductances are made
equal so that there is no circulating cur
rent when the coils are connected in
parallel. The parallel inductance at any
setting is one quarter of the series in
ductance at the same setting. The in
ductance is nearly constant over a wide
frequency range and is increased by
only 2% at 1/10 the natural frequency
of the coil.

Values of maximum and minimum
inductance and d. -c. resistance for the
series connection are marked on the
nameplate of each instrument. Calibra
tions, accurate to 1%, for the entire
range of the series connection at 1000
cycles per second may be obtained at a
small additional charge.

The resistance is of course a function
of frequency and varies approximately
with the square root of frequency. The
direct-current resistance which is sub
stantially the same as the 1000-cycle
resistance is measured for each vari
ometer and this value is supplied with
the instrument. The table here lists
the value of Ql at that frequency for
which it is a maximum for each coil.
These values are for the coil at full in
ductance setting.

All of the new variometers have a
IS-watt dissipation for a 40 degree cen-

tigrade rise. At this wattage and tem
perature there is a 16% increase in the
direct-current resistance.

The table below lists new TYPE 107
Variable Inductors. Ranges have been
generally readjusted and a new instru
ment has been added so that variom
eters are now available for induc
tances from 0.005 millihenrys to 500
millihenrys. The values listed below
are average values for the several
ranges of variometer. The resistance
given is the direct current resistance
measured at room temperature. The
current value is that producing 40 de
gree temperature rise. Maximum and
minimum inductances are given for the
series connection. The natural fre
quency for maximum setting of each
variometer is given. The maximum
value of Q and the frequency at which
it occurs are also listed for each coil at
maximum inductance setting.

Qty. Ro J Lrnin. Lrnax. Co Qat C
---------------
Unit n a mh mh kc kc
-------------- -
107-J 0.17 8.5 0.005 0.05 5000 110 400
107-K 0.7 4.0 0.05 0.5 1500 140 200
107-L 4.0 1.7 0.5 5 ,500 125 60
107-M 40 .60 5 50 150 65 20
l07-N 64 .14 50 500 30 20 7

The price of the new TYPES 107-J,
K, Land M Inductors is $30; that of
TYPE 107-N is $40.

- CHARLES T. BURKE

1 Q is the quantity, sometimes called dissipation factor, that expresses the excellence of a
given inductor when used as a tuning element. It is the ratio of reactance to resistance (wR[,)

at the frequency in question.

TIflE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests
for subscriptions and addreu-change notices to the

GENERAL RADIO COMPANY
30 State Street Cambridge A, Massachusetts "'~:'O

".s.","
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BRIDGE METHODS FOR MEASUREMENTS AT
RADIO FREQUENCIES[I]N ilio dovolopmwt of m~·

I s~ing. meth~ds simple cir-
CUJts mvolvrng, so far as

':::::::~=::::::::::::.' possible, only the units
under Jneasurement are at first used,
and as experience and technique im
prove, more elaborate but more con
venient and flexible methods are de
veloped.

The earliest methods of measuring
resistance were the voltmeter-ammeter
and later the substitution methods.
Bridges, which increased the sensi
tivity of the substitution method by
introducing a differential comparison
and extended its range by using ratio
arms, naturally developed from the
substitution method. Bridges are now
universally used for direct-current and
audio-frequency measurements.

In the higher frequency ranges,
voltmeter-ammeter methods have been
extensively used. At radio frequencies
(say 100 kc. to 2 Mc.), the tuned
circuit substitution method is gener
ally favored. In this measurement the
unknown resistance is replaced in a
tuned circuit by a standard which is

adjusted to give the same voltage drop
at constant current as the unknown.
The object of the tuned circuit is to
reduce the effect of reactance on the
measurement.

Bridge methods have several ad
vantages over voltmeter-ammeter and
tuned-circuit substitution methods.
They are not limited to narrow fre
quency ranges, and they grant more
latitude in the choice of standards.
They involve, however, the introduc
tion of other circuit elements into the
measurement and are, therefore, justly
viewed with some suspicion when used
under conditions where the values of
the additional circuit elements are not
entirely known.

The essential difficulty with mea
surements at high frequencies lies in
the fact that the circuit elements of in
ductance, capacitance, and resistance
cannot be individually isolated but are
present together in all circuit units, and
between the units themselves, as well
as between units and ground. Most of
the technique of alternating-current
bridge methods involves the develop-
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ment of circuit units whose character
istics approach lumped constants and
means of eliminating the effect of
residuals from the measurement.

Leads, also, which are ignored at
lower frequencies, may have impe
dance approaching in magnitude tho e
under measurement. The e problem ,
it should be observed, are present at
1000 cycles, although too frequently
ignored. In any bridge method it is
necessary to distinguish between a
balance of the bridge and a balance
between the unknown and standard
elements. The effect of residuals i
frequently such as to give a false
balance involving unknown and ex
traneous impedances.

Bridges have been u ed at frequen
cies well above the audio-frequency
range, and there is no question tha t
with proper care bridge measurements
can be used at very high frequencies.

The main difference between mea
surements at audio and radio frequen
cies is summed up in the one-thousand
fold increase in series inductive
reactance and the corre ponding de
crease in parallel capacitive reactance.
This means that distributed induc
tance and capacitance which were en
tirely negligible at audio frequencies
frequently have controlling influence
at frequencie of the order of one
megacycle.

The absence of proper standard
offers a grea t an obstacle to high
frequency bridge methods a the diffi
culties inherent in the bridge circuit
itself. Re istance tandards usually
have ome reactance at high frequency,
and reactance standards have resis
tance.

Air condensers have the smallest
time constants of any impedance ele-

ment and their law of variation with
capacitance and frequency is known.
They may be either fixed or variable.
Solid dielectric mica condensers may
be made which also have a small time
constant varying only with frequency.
Fixed straight wire resistors have very
small time constants, which can be
calculated provided the wire u ed is
non-magnetic. Resistors of the bifilar,
Ayrton-Perry, mica-card, and woven
tape forms also have small time con
stants. Their equivalent serie in
ductances and time constants are
independent of frequency over a wide
range. They cannot, however, be calcu
lated, but must be compared with the
straight wire standards. Variable re
si tor are inferior to fixed resistors be
cause of the added reactance of the
switching mechanism. Inductor make
poor radio-frequency tandards, since
their time constants are large and vari
able, depending upon skin effect and
the characteri tics of tbe iron core if
one is used.

Their natural frequencies are low
and variable inductor sho\ variation
of re istance with setting. They must
be compared with standard condensers.

In considering bridge circuit for
radio frequencies it is the· natural
cour e to elect simple circuits and
those having similar element per
mitting a symmetrical arrangement.
The equal-arm bridge should bc used,
although this limits the usdulness of
the bridge method somewhat. It is not
too difficult to make similar units
having practically identical Jumped
and distributed constants, but to make
dissimilar units in which the lumped
and distributed constants bear likc
ratios is far more difficult. Equal re
sistances are normally used for the
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ratio arms, although capacity ratio
arm can be used.

An elementary bridge circuit uit
able for use at radio frequencie i
shown in Fig. 1. It consists simply of
the two fixed ratio arm, the shielded
input transformer, and terminals for
standard and unknown impedance.
This diagram is, of course, exactly
what would be u ed at audio or lower
frequencies. The modifications neces
sary for high-frequency use lie entirely
in the arrangement of parts and leads
and the shielding which is required.

While this elementary bridge circuit
can be reasonably well balanced at
1000 cycles, at higher frequencies a
double balance is necessary in order to
eliminate all factors of stray capaci
tance. Two methods of accomplishing
this offer themselves. One is the addi
tion of a Wagner ground circuit by
means of which the capacitances to
ground are first balanced before obtain
ing a balance of the main bridge.
second arrangement is the substitution
method which i , of course, extensively
u ed in precision measurements at 1000
cycles. In thi method, the unknown
and tandard are placed in parallel in
the same side of the bridge and
balanced in the other arm by an un
caLibrated condenser which must, how
ever, possess reasonably good charac
teristics. The bridge is balanced once
with the unkno·wn disconnected and
again with the unknown shunted across
the standard. The technique is the same
as that used at lower frequencies, ex
cept that greater care must be taken
and it is particularly important that
the arrangement of leads be unchanged
for the two balance conditions. The
resistance balance is obtained by add·
ing resistance in series or parallel with

FIGURE 1. Basic bridge circuit commonly used
at audio frequencies and suitable for radio

frequency work if precautions are taken

the capacitance arm. When the added
resistance is changed between measure
ment , correction must be applied for
the change in inductance of the re
istance unless it can be established

that this is negligible. In calculatin~

results from the bridge measuremenls
at high frequencies it is important to
use the original bridge equations before
eliminations based on orders of magni
tude have been made. These equations
may be easily derived or are given in
most textbooks on bridges. Many of
the order-of-magnitude elimination do
not hold at high frequencies.

In an endeavor to test out the practi
cability of bridge methods at radio
frequencies, the General Radio Com
pany has developed the TYPE 516-A
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FIGLlItE 2. The new TYPE 516- Radio.Frequency Bridge, an experimental ill'
slrument for the determination of reactance and resistance at high frequencies.
Its use is recommended for laboratories having a considerable experience with

other methods for measuring impedance

Radio-Frequency Bridge. This is illus
trated in Figures 2 and 4 and the wiring
diagram is shown in FiglU"e 3.

The entire bridge is enclosed in one
shield, while separate internal shields
enclose the ratio arms, the balance
condenser, the power-factor balance
resistor, and the output transformer.
The latter also contains a shield be
tween primary and secondary.

The shielded transformer is placed
in the output of the bridge, so that at
balance it will ha ve no current in it and
no external field. It is an air-core trans
former with concentrated windings,
whose capacitances to each other and
to the shield have been minimized. By
a suitable choice of the number of
turns the band of frequencies between
10 kc. and 5 Mc. may be covered. The
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ratio arms are 100 ohms each. Low
impedance elements are a requirement
of high-frequency measuring circuits.
The e arms are wound on thin mica
cards. Both transformer and ratio arms
are mounted on plug-in bases so that
they may be tran posed or new ones
inserted. The balance conden er has a
capacitance of 1000 jJ.jJ.f and i pro
vided with a slow-motion friction drive.
A small .vernier condenser of 15 jJ.jJ.f

allows the adjustment of the total
capacitance to 0.01 jJ.jJ.f. The variable
resistance for power-factor balance has
three dial , tens and units decades, and
a non-inductive slide wire having a
total resistance of one ohm and reading
to 0.01 ohm. The zero inductance of
this 3-dial resistance unit is only 0.2
microhenrys and the maximum in
ductance 1.1 microhenry. The leads
from the condenser and resistor are
brought to a terminal board located in
a shielded compartment accessible from
the front panel so that they may b~

connected in series or parallel or used
eparately.

The measurements are most easily
made with a modulated carrier a a
power supply and a detector and
audio amplifier as a null indicator. An
alternative method is to use an un
modulated oscillator, heterodyne to it,
and use the rectified audio beat note as
a null indication. I t is essential tha t
there be no pickup between oscillator
and amplifier. Both must, therefore, be
well shielded. The shielding of the
oscillator must be comparable to that
of a good standard-signal generator.
Either the TYPE 403-D or TYPE 603-A
Standard- ignal Generator is suitable.

Higher poweL's than are available
from the signal generator will add to
the sensitivity of the mea urements

OUT

r~~
~

~

'n ~=-'--=--~i~
FIGURE 3. Schematic diagram of the TYPE
516-A Radio-Frequency Bridge. The heavy
lines represent the hridge element-s, the light

line the shields

and to the speed with which the bal
ance can be obtained. An oscillator
having an output of about 25 milliwatts
modulated to 50% is being developed.
Thi instrument will maintain about
one volt across the bridge at frequencies
between 20 kc. and 20 c. It is com·
pletely shielded and u e toroidal coils,
so that its external field i very mall.

The most available null d~tector in
the broadcast range i a standard re
ceiver of good sensitivity. Commercial
superheterodyne receiver having a 10
microvolt sensitivity are entirely satis
factory. sing such a receiver at full
sensitivity and merely listening to the
loud-speaker, the bridge can be bal
anced to one part in 100,000 for capa
citances of the order of 1000 jJ.jJ.f and
to one part in 10,000 for resistances of
the order of 100 ohms. These measure
ments were made in an unshielded
room anf! there was noticeable outside
pickup in the receiver.

Measurements have been made with
this bridge at a frequency of 1 c. by a
substitution method, using an external
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TYPE 222 Precision Condenser and
either the decade resistor in the bridge
or a similar external one. The impe
dances measured have included the
capacitance and resistance of air and
mica condensers, varying from 100
JJ.JJ.f to 1000 JJ.JJ.f, the resistance and in
ductance of resistors varying from 1 to
10,000 ohms, and the resistance and
reactance of an antenna whose natural
frequency was 1.2 Mc. over the broad
cast frequency range. The antenna
measurements were interesting in
showing that the voltages induced in
fairly large antennae may approach a
volt in magnitude. It is, therefore, de
sirable that the voltage applied to the
bridge be at least of this magnitude

FIGURE 4. A TYPE 516-A Radio-Frequency
Bridge set up for antenna measurements. At
the left is the modulated radio-frequency
source and on the shell is a broadcast receiver
used as a null detector. The precision con-

denser at the right is an auxiliary

and preferably larger, so that mea
surements may be made at all points.

The TYPE 516-A Radio-Frequency
Bridge has been developed to permit
the investigation of the possibilities of
bridge circuits a t radio frequencies. It
will not be regularly carried in our cat
alog because we feel that an experience
in high-frequency measurements which
is not po essed by the average experi
menter is required in order to obtain
satisfactory results with it. It will be
available in stock, however, and offers
an interesting and useful tool for those
possessing wide experience in the tech
nique of high-frequency measurements.

The price of the TYPE 516-A Radio
Frequency Bridge is $190.00.

- CHARLES T. BURKE
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MEASURING PENTODES WITH THE MUTUAL
CONDUCTANCE METER

1

THE TYPE 443 Mutual-Conductance
Meter, developed several years ago

for testing triodes, can be used equally
well with four-element tubes. Mter a
minor modification (which every unit
in our stock now includes) both heater
type and filament type pentodes can be
measured.

One of the modified mutual-con
ductance meters with the batteries
connected for measuring a filament
type pentode is shown in Figure 1 and
the corresponding circuit in Figure 2.
The connecting links to the new bind-

ing posts, engraved "+" and "-",
marked PE TODE SCREE , have been
installed in the left side of the panel.
The cathode circuit has been broken
and its two ends connected to the new
posts. The screen grid of a filament
type pentode is connected to the prong
corresponding to the cathode of heater
type tubes. Tests in our laboratory
have shown the necessity for a source
of voltage for the screen separate from
that for the plate in the filament-type
pentode such as the 247. The connec
tions for the screen grid are, therefore,

FIG RE 1. Tbc TYPE 143 Mutual-Conductance Meter modified {or cbecking fIlament-type
pentodes. Connection for beater-type pentodes are tbe same as for screen-grid tubes; tbe

pentode-screen terminals are closed by tbe link
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FIGURE 2. The dotted ines in this diagram show the change in wiring
necessary to make the TYPE 443 Mutual Conductance Meter suitable

for measuring pentodes

made to the two new binding posts.
For the measurement of the heater

type pentode tubes the connecting link
is left in place and battery connections
are made as if a screen-grid tube were
being measured. Detailed instructions
concerning this are found in the in
struction book accompanying the in
strument or in the General Radio
Experimenter for July-Augpst, 1930.

The cha~ge for the modification is
$3.20 net, and it would require about a
week before return shipment could be
made. If a mutual conductance meter

is to be returned for this change, we
suggest that it be packed very well in a
wooden case to prevent damage in
transit and shipment made by express
prepaid.

There are still available in our stock
a few of the TYPE 443 Mutual Con
ductance Meters that have been mod
ified for the measurement of pentode

I tubes. The price is $27.00 each and im
.mediate" shipment can be made upon
the receipt of an order.

- H. H.DAWES

THE GENERAL RADIO COMPA.NY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency metUurement and control problems. Please lIend requests
for subscriptiom and addresil-change notices to the

GENERAL RADIO COMPANY

30 State Street Cambridge A, Massachusetts
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AND ITS APPLICATIONS IN ALLI~D FI~LDS

T~L~PHON~ TRANSMISSION M~ASUR~M~NTS

IT]
HE problem of measuring

T transmission loss over tele
phone lines has been great

~ ly simplified in recent years
by the development of inexpensive and
simple instruments for the generation
and measurement pf electrical power
at the usual telephone levels and fre
quencies.

As speech is transmitted over tele·
phone lines the amount of power avail·
able for operating the receiver of course
decreases as the distance between the
transmitter and the receiver becomes
greater. This decrease of amplitude fol
lows a more or less logarithmic curve
with distance, which has led to the
adoption of a logarithmic unit for des
ignating losses encountered in tele·
phone transmission.

The unit is the decibel. It is an out·
growth of the original "mile of standard
cable" which was later changed with
modifications in value to transmission
unit or TV, and finally to the decibel,
db.

The losses that may be encountered
in some of the usual telephone lines are
given in the chart* following.

OR C. Burden, Telepholl)', Oe•. 10, 1931.

Loss in db per mile
Line at 1000 cycles

No. 12 iroo wire (metallic circoit) 0.30 db
No. 12 copper wire (metalliccircoit) 0.068 db
No. 24 gauge cable 2.1.0 db
No. 22 gauge cable 1.75 db
No. 19 gauge cable 1.20 db

These losses are given at 1000 cycles
because this frequency is one of the
most prominent in the voice-frequency
band and is generally used when single
frequency tests are being made. Of
course, all telephone systems transmit
the various frequencies of the voice
with different amounts of attenuation.
For this reason, in order to determine
the actual transmission characteristics
of a given voice transmission system,
tests must be made at several fre
quencies in the audio-frequency band,
extending from about 150 to 3000
cycles, or from perhaps 50 to 5000
cycles for high quality circuits over
which music and broadcast programs
are to be transmitted.

However, the human ear is much
more sensitive to frequencies between
800 and 1000 cycles than to any others,
and commercial telephone transmitters
and receivers have their best response
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a t these frequencies. It is because of
uch factors that 1000 cycles is chosen

for the usual routine measurements.

FIGURE 1. This electro-mechanical oscillator
operates atlOOU cycles on power from 6 volts,
direct current. The output circuit is a tapped

transformer

A most convenient power source for
such tests is the General Radio TYPE
213-B udio Oscillator illustrated in
Figure 1. This instrument has been
described in detail in a previou i sue.*
The important characteristic that
make it particularly applicable to the
question under di cus ion are the e:

1. It is simple and rugged.
2. Its power ontput is ample for any

of the usual tests, 50 milliwatls or al
most +10 db being available.

3. It frequency is 1000 cycles to
within very close ljmits.

4,. It has a very stable output over a
period of time, making the comparison
of several readings a simple malter.

5. Its power supply is very simple.
Four o. 6 dry cells are ample. The
direct current required is only 130
milliamperes.

Three output impedances are avail
able: 50, 500, or 5000 ohms. The 500
ohm tap is the most suitable for the
usual telephone line measurement .

The question of how to measure
these audio-frequency power levels has
been met with complete satisfaction
with the new copper-oxide rectifier
type meter.

The rectifying unit itself consists of
four copper-oxide to copper jWlctions
arranged in the form of a bridge.
Junction of thi sort conduct current
from copper-oxide to copper much
better than in the reverse direction
from copper to copper-oxide. There
fore each unit has the properties of a
half-wave rectifier. The four units in
the bridge arrangement give full-wave
rectification with resultant increased
efficiency. Alternating current applied
to the bridge results in a proportional
direct current in the meter circuit.
Such a-c indicators are very sensitive
and respond readily to the low powers
encountered in telephone practice.

A special application of this meter is
the General Radio TYPE 586 Power
Level Indicator illu trated in Figure 2.
This instrument is calibrated directly
in decibels in order to facilitate mea-
urements in this unit without any

arithmetical calculation.

FIGURE 2. When bridged across the line, volt
meter fashion, this instrument indicates the
amount of power that i. being delivered to the
500-ohm line beyond the bridging point. It is
direct-reading in decibel for a zero level of

6 mmiwalls

·See General Radio Experimenter for April, 1930, copies of which can be supplied on request.
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Since the impedance of the great
majority of telephone lines is in the
neighborhood of 500 ohms, the instru
ment i calibrated to read directl
when used in circuits ofthis impedance.
Six milliwatts i the zero reference
level. There i a correction factor, hich
is added or subtracted for line of
lower or higher impedance. IL value
is given on a imple chart accompany
ing the instrument. In opera tion it i
like any voltmeter; it is connected
across the two-wire system under test
and the power level read from the scale.

Two models of the instruments are
a vailable, differing only in sensitivity
or range. The TYPE 586-A reads from
-10 db to +36 db. The TYPE 586-C
from -20 db to +36 db. Both are
a vailable for l'elay-rack mounting in
permanent installations.

Many telephone companie maintain
a regular check-up on the transmission
characteri tics of their lines. In this way
any line that are not satisfactory for
commercial transmission are imme
diately detected and can be repaired
before serious trouble re ults.

Such tests are 0 simple and in
expensive to make that the time
expended i certainly well justified.

The 1000-cycle oscillator is con
nected to the pair under test at any
convenient point, for instance, the
main distributing frame, or the wire
chief's desk. The power level at this
point is read on the power-level in
dicator. A second power-level indicator
is connected across the line at the
remote point to which the test is being
conducted. The difference in readings
of the two indicating instrument in
decibels gives the transmission loss
directly.

The same te t can be made on cen-

tral office equipment to determine if all
channels are operating properly. Cord
circuits and repeat coil that become
defective can be detected and located
by this meanS before the trouble be
comes sutJicie tly erious to interfere
with satisfactory operation.

Some of the local-circuit losses that
may be expected from normal equip
ment are given below:

Repealing coils for side circuits ..... 0.70 db
Repealing coils for pbantom circuits

(two coils) 0.25 db
Magnelo cord circuit . . . . . . . . . . . .. 1.25 db
Common battery cord circuits 1.25 db

FIe RE 3. A convenient method of measuring
line loss from one end when a duplicale pair

of lines is available

Figure 3 show a method for the
measurement of long line when two
more or less similar pairs run between
two distant office . The two pairs under
test are connected together at the
distant end and the te t equipment set
up as shown. The power level at the
transmitting encl of the line is mea
surecl, then the switch is thrown to the
receiving end and the level there mea
sured. The difference in readings is the
total loss of the loop. One-half of this
value is the loss for the line in one
direction only.

The maximum power level delivered
by the oscillator is about + 10 db and
the lowest power that can be read on
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FIGURE 4. This assembly of a TYPE 213-B Audio Oscillator, a TYPE 586-CM
Power-Level Indicato.-, and a potentiometer in a single unit makes a compact

test kit for line tests. It can be made up to order, price on request

the more en itive instrument is - 20
db. Thus a total loss of about 30 db
can be mea ured, corre ponding to
about 25 miles of o. 19 gauge cable,
or 100 miles of o. 12 gauge iron open
wire circuit.

In order to make a check on the
quality of speech and music transmis
sion for broadcast lines, a variable
frequency power source i substituted
for the TYPE 213-B Oscillator. A beat
frequency oscillator such a the TYPE
613-A* is particularly recommended
for this work.

The test frequency is set at a number
of points from 60 to 6000 cycles and
the loss at each frequency measured.

properly operating high-quality line
should have a transmission loss that
varies not more than 2 db to 4 db over
this frequency range.

For the correct adjustment of line
equalizers a test such as this is im
perative.

In Figure 3 a power-level indicator
is shown connected across the line at
ome distance from both ends of the

line. This i to indicate that the power

·General Radio TyPE 613-A Beat.Frequency Oscillator. V'requency range, 10-11,000 cycles. Output power 35 mmiwaLt8
(+7.5 db). Price $210.00.
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FIe RE 5. Wiring diagram for tbe test set
shown in Figure 4

~lli'VE
TYPE 339-5

Il.I~i D.T. SWITCH
TYPE 58'"

POWER LEVEL INDICATOR

TYPE 214-&
2500A POTEHTIOMETER

\

\

1. A tone source for u e as an acoustic
driver for testing telephone trans
mitters and similar equipment.

2. tone source for identifying cable
pairs.

3. power ource for the measure-
ment of the gain in repeater , public
address installations, and other audio
frequency amplifiers.

Figure 4 shows a suggested arrange
ment for the audio oscillator, power
level indicator, and suitable auxili,ary
control mounted in a cabinet for con
venience and protection. The batteries
for the oscillator are contained in the
box, a potentiometer is provided to
adjust the power output of the oscil
lator to any desired value, and a DPDT
switch is u ed to transfer the indicator
from TRA SMIT to RECEIVE as shown in
Figure 3. A wiring diagram of such an
assembly is given in Figure 5.

-ARTHUR E. THIESSE

level at any chosen point on the line
may be measured directly. uch tests
are valuable as an adjunct to the line
men's usual tests. By such means a
lineman can report to the office the
exact power being delivered into a sub
scriber's loop for a given power supplied
the line at the central office. Thus any
faults in either central office or sub
scriber's loop equipment can be im
mediately uncovered by a much more
precise and dependable means than by
ordinary talking te ts. The construc
tion of the instrument is light and
rugged enough to make it entirely
suitable for such work.

Crosstalk tests can also be conducted
by applying the tone source to one pair
through a variable potentiometer tha t
can be u ed to adjust the power level.
The power-level indicator is used to
monitor this level during the test.
While listening on an adjacent pair, the
power level is increased until the cross
talk heard in the adjacent pair under
test becomes annoying. This level as
read on the power-level indicator gives
the information desired. On long re
peater circuits level from 0 db to +6
db are considered the maximum for safe
transmi sion without crosstalk. Of
course, on well balanced lines this level
can be considerably exceeded before
trouble results, and on short loops the
limits are even higher.

The 0 cillator itself has, of course,
many uses besides those mentioned
above. It is widely used as:
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FR~QU~NCY STABILITY WITH TH~ SCR~~N-6RID TUB~

IN the design of oscillators for use in
frequency measurements, the prob

lem of frequency stability is extremely
important. A considerable amount of
work has been done directed toward
the design of oscillators whose frequen
cy would not change appreciably with
changes in supply voltages and tubes.

In single frequency 0 cilla tors sta
bilization of the frequency is not diffi
cult. Usually a proper choice of circuit
impedances is all that is necessary. It is
considerably more difficult, however,
to design a stable oscillator covering a
frequency range of SO to 1 with a single
variable condenser.

It is generally conceded that the
presence of harmonic voltages in the
anode circuit of the oscillator is not
conducive to frequency stability and,
further, that an oscillator with good
waveform is, in general, more stable
than one with highly distorted plate
and grid currents. An examination of
the more common types of oscillator
circuits indicates that the Colpitts
circuit should have an advantage in
this respect over other types, since the
paths between plate and cathode and
between grid and cathode offer low
impedances to harmonics. This effec
tively short-circuits the harmonic volt
ages generated by the tube. Experi
mental work confirms this assumption,
but, while it is better than most others,
the Colpitts circuit is not inherently
stable enough over wide frequency
ranges to justify its nse in precision
apparatus unless some further stabili
zation is used.

It has been pointed out by Dow*
that by properly proportioning the
voltages applied to the plate and screen

of a screen-grid tube, the oscillator
frequency can be made nearly inde
pendent of changes in supply voltage.
Figure 1 shows the variations in fre
quency resulting from grid- and plate
voltage changes in such a tube. Curve I
is the change in frequency with screen
vol tage when the plate voltage is fixed
at value B; Curve II shows the fre
quency change resulting from changes
in plate voltage with the screen voltage
held at A. Since the two curves have
slopes which are approximately equal
in magnitude and opposite in sign, it is
evident that, if the tube is fed from a
voltage divider so that normally the
voltages on the screen and plate are A
and B respectively, a change in total
supply voltage can have no appreciable
effect on the frequency. Any tendency
toward a change in frequency due to a
voltage change on one electrode is can
celled by an opposite change on the
other.

L
1/~

~
~.

~~'"

\ /1\

f\ -- --

~
I 1\ IiI

I -> II ~ I
I 'r-. I
I I
A •

ANODE VOLTAGE

FrGUUE 1. Effect on frequency of changing
screen and plate voltages in an oscillator. In
Curve I the plate voltage is fixed at B while
the screen voltage varies; in Curve 1I the
screen voltage is held at A and the plate

vol tage varies

*J. B. Dow, UA Hecenl Development in Vacullm·Tubc OscillilLOr Circuits," Proc. I.R.E., Dec. 1.930.
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Zp

B+

R,

B+

Zp

FIG RE 2. One form of voltage labilized
oscillator. The screen is used as tbe anode

When this stabilizing feature is
applied to the Colpitts oscillator, the
result is a system of unusual frequency
stability. The effects of filament volt
age and tube changes are greatly re
duced, as well a those due to plate
voltage. Figure 2 shows a simple form
of this circuit. The impedances Z., Zp,
have some effect on the tabilization
point, as does the grid leak Rg• The
most stable operating point is found
only by experiment, but can be located
approximately by taking curves similar
to those of Figure 1. Condi tions differ
between different types of tube, but
tubes ofthe same type are quite similar
in operation. For optimum conditions
with some tube , the plate is a t a lower

Zs zp

B+

FIG HE 3. One form of voltage stabilized
oscillator. Here the plate potenlial is low~r

than the screen potential

FIGURE 4. One form of voltage stabilized
oscillator. The plate i used as the anode

potential than the screen, as hown in
Figure 3.

Ei ther the pIa te (Figure 4,) or the
screen (l<'igure 2) may be used as the
oscillator anode. When the screen is
used, the plate circuit current wave is
highly distorted, consisting of pul es at
the oscillator frequency. Power may be
drawn from this circuit at either the
fundamental or a harmonic frequency
without materially affecting the 0 cil
Ia tor, particularly if the pia te-screen
capacity is neutralized.

The superior characteristics of the
new stabilized oscillator circuit have
been applied to a number of new Gen
eral Radio instruments which will be
announced within the next few weeks.

heterodyne-frequency meter cover
ing all of the present commercial fre
quencies has been built around the new
circuit. This instrument will be avail
able in both alternating and battery
operated models, the latter being port
able.

Another application of the new cir
cuit i a linear-scale beat-frequency
oscillator for measuring beats between
tandard harmonic and unknown fre

quencies. This instrument pro ide a
means of interpolation between tand
ard frequencies.
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There has also been developed a
combined oscillator and harmonic gen
erator which is designed to take ad
vantage of the 5-megacycle transmis-

sions of the U. S. Bureau of Standards
by providing a number of calibration
frequencies based on the 5-megacycle
standard. -CHARLES E. WORTHEN

A precision heterodyne frequency meter designed and manufactured by General Radio for the
U. S. Coast Guard. This instrument covers a wide frequency range and employs a voltage-stabi

lized circuit like those described in the preceding article

THE GENERAL RADIO COMPANY mails the Experimenter, without charge,

each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests

for subscriptions and address-change notices to the

GENERAL RADIO COMPANY

30 State Street Cambridge A, Massachusetts
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~L~CTRICAL COMMUNiCATIONS T~CHNIQU~

AND ITS APPLICATIONS IN ALLI~D FI~LDS

IN~XP~NSIV~ NOIS~-M~ASURING~QUIPM~NT

M
\~~~~-'ORE and more industry

is realizing the fatiguing
effects upon human beings

Il¥~~~ of the various noises to
~hich they are subjected, and with the
realization comes the endea VOl' to re
duce, so far as practical, all unneces
sary sou nd s. In ew York Ci ty for

example, a noise commission has been
making an exhaustive survey of the
sources of ci ty noise and means of its
prevention. The most disturbing noises
are frequently those generated by some
common piece of mechanical equip
ment during its normal operation.
Many machines, such as ventilators,

A simple assembly for noise measurement, consisting entirely of standard instruments
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~
~

FREQUENCY VARIABLE GAIN POWER LEVELWEIGHTING
TRANSFORMER AMPLIFIER INDICATOR

MICROPHONE
TYPE 34.,5-SN TYPE ~14 - .... M TYPE ~86-CM

oise is picked up in the microphone, weighted, and amplified. The power
level indicator gives the result in decibels, referred to the background noise

. level, or any level chosen a reference

refrigerating systems, pump ,fan, etc.,
cause a constant whirring, hissing, or
humming sound, which gradually
works on the nervou sy tern, causing
mental fatigue.

Manufacturers of mechanical equip
ment are beginning to recognize the
importance of quietness in their prod
ucts.

An intelligent approach to the prob
lem of noisc elimination requires a
mean of quantitative noise measure
ment. Listening tests are of course of
no substantial value in this work.
Accordingly, various forms of noi e
measuring devices have been developed
in order to provide quantitative com
parison of different sounds. An exten-
ive di cu ion of the problems involved

in noise measurement will be found in
recent issues of the Joumal of the Acous
ticaL Society.

The implest form of noise-measur
ing et-up consists of a microphone,
an amplifier, and a suitable indicator
such a a acuum-tube voltmeter or
an oxide-rcctifier meter. SoumIs picked
up hy thc microphone are amplified
and indicated on the meter, giving a
definite method of comparison. The
meter should preferably be calibrated
in decibels, which are the unit gener
ally used to express ratio of sound
intensities. Where wide ra n ges 0 f
volume are to be measUl"ed, the ampli
fier gain should be adju table to avoid
overloading on loud noise .

In order to pre ent a true picture of
the effect of the noise on the human
nervous system, the mea uring ystem
must have a frequency characteri tic
similar to that of the normal auditory
ystem, i.e., the 10' and high frequen

cies must be discriminated against.
Some such discrimination is unavoid
able in a microphone and amplifier
systern, but the normal loss of high and
low frequencies should be accentnated.

Since a flat frequency characteristic
is not desired, an expensive microphone
i not generally needed unle s ery low
noise levels are to be encountered.
The microphone hould, however, show
negligible variation with use and age
and should have a re idual noi e level
substantially below the lowe t noi e to
be mea ured. The input tran former or
frequency-weighting network hould be
o designed that it characteristic

added to that of the microphone re
sult in a close approximation to the
normal ear characteri tic.

noise-measuring set of thi type
may be composed of several standard
General Radio units. The illustration
shows a system supplied to a large
manufacturer of refrigerating machin
ery. It cousists of a General Radio
TYPE 5l4-AM Amplifier, a special
TYPE 345-S Input Transformer, a
TYPE 586-CM Power-Level Indicator,
and a microphone. The inpu t trans
former matches the microphone impe
dance to the amplifier and also adjusts
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The frequency characteristic of the system is
made to approximate that of normal hearing

the over-all frequency response to
approximate that of the human ear.
In this particular system, the input
transformer is mouuted in the amplifier
cabinet, and the microphone receives
its current from the amplifier filament
battery.

The microphone i an inexpensive
carbon type, since the noise levels at
which it is to be used are comparatively
high. The accompanying curves show
the over·all frequency response of the
noise-measuring system with and with·
out the microphone. It will be noted
that the over-all response of the com·
plete system, including microphone,
represents a very close approximation
to the response of the normal human
ear.

Although equipment of this sort is
generally used to determine the deci
bels difference between normal noise
level and noise with some machine
operating, the equipment can, of
course, be calibrated against any
arbitrary standard desired. The thresh
old of hearing at 1000 cycles for an
average person is frequently u ed as a
reference level.

A convenient manner of calibrating
the noise-measuring set is as follows:
a JOOO-cycle tone may be obtained from

I
l

.:: l-r

,...."'.'.ANSfo...r.
AND .......L"'t.,

a suitable oscillator in conjunction
with a loud.speaker. The observer
should be so placed that he is approxi
mately the same distance from the
loud-speaker as the microphone and
reasonably close to the microphone so
that it may be assumed that the sound
intensity reaching the observer is prac
tically the same as that reaching the
microphone. If the volume of sound
from the loud-speaker is then reduced
until the threshold of hearing is reached,
the reading of the noise-measuring set
at that point may be taken as the refer
ence level.

With some types of microphones,
the residual noise may be enough to
cause an appreciable error in reading
of the set at the threshold of audibility.
Where very weak sounds are to be
measured it is recommended that a
microphone of the condenser or mov
ing coil type be employed, but if loud
noises are to be measured, the following
method of calibration will be found
quite satisfactory.

The oscillator used for obtaining the
test tone should have a reasonably
large power output and should be
equipped with a calibrated volume
control. If this is not the case, a suita
ble amplifier and attenuator may be
used in conjunction with the oscillator.
The loud-speaker should be reasonably
linear in so far as power output is con
cerned, that is, doubling the power
input to the speaker should double the
power output. This of course means
that the loud-speaker must not be
overloaded. Placing the observer and
microphone as mentioned before, the
threshold of hearing should be obtained
in the same manner and the reading of
the calibrated attenuator or volume
control on the oscillator or associated
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amplifier noted. The output of the
loud-speaker hOllld then be increa ed
by adjusting the calibra ted a ttenuator
until a reasonably loud sound intensity
is obtained. n increase of the order
of 40 or 50 db is generally sufficient.
It is not important that the intensity
be increased by any exact amount, but
only that the amount of increase be
known. The reading of the noise
measuring set at that point. referred to
the threshold of hearing, will equal the
amount by which the output of the
loud-speaker was increased.

For best results, these calibration
hould be performed in an acoustically

dead room or in the open air at some
place where ab olute quietness may be
obtained. It is also ad isable to per
form the calibration with several indi
viduals and use the average as a final
value. - TI. H. SCOTT

For the convenience of tho e desiring
to construct noise-measuring sets simi
lar to the one described above, the

following table gives the list of General
Radio equipment which may be used,
and the prices.

TYPE 514,-AM Amplifier (without
tuhes and bauerie ) $76.00

TYPE 586-CM Power-Level rndicator
. . . . 75.00

TYPE 345- Transformer (for use
in conjunction with ingle-button
carbon microphone to obtain ap
proximate characteri tic of human
ear) ..... .... 15.00

If it is de ired to have the special
input tran former mounted within the
amplifier unit and the amplifier input
circuit arranged so that microphone
current is obtained from the amplifier
"A" battery, an additional charge of

15.00 will be made. The complete
noise-measuring et a de cribed in the
foregoing article, including micro
phone, microphone case, uitable
shielded cable connectors, and aU tubes
and batteries, will cost 230.00.

A BOOST~R AMPLlFI~R FOR 500-0~M L1N~S

I modern communication systems,
lines and eqwpment having impe

dances of 400 to 600 ohms are generally
widely used. The high-quality trans
mission lines associated with radio
broadcasting and sound pictures equip
ment generally have characteristic
impedances ,ithin this range, and,
accordingly, a large percentage of
faders, mi ers, and speech-input ampli
fier have input and output impedance
of approxima tely 500 ohms. A cOlllpa('L line amplifier
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Transmission lines should, of course,
be operated at a volume level suffi·
ciently high to minimize the effects of
noise and crosstalk which may be
picked up from nearby electrical equip.
ment or other transmission lines. A
level of +2 db is generally recom·
mended. Increa e in volume level also
tends to reduce noises which may be
encountered in fading and mixing
equipment.

Two of the General Radio Com·
pany's new transformers, TYPE 541·G
and TYPE 541·P, are finding wide·
spread fa VOl' among engineers for use
in connection with 500·ohm equip.
ment. TYPE 54.1-G is a line-to-grid
transformer designed for operation
into ei ther a single tube or a balanced
(push pull) stage. TYPE 541-P is a
plate-to-line output transformer for
operation from a single amplifier tube
or a balanced stage into a 500-ohm
line. Using these two transformers, a
line-booster amplifier may he con-

structed which will provide high in er·
tion gain with an excellent frequency
characteristic.

The accompanying diagram shows
the circuit and frequency re ponse of a
balanced amplifier using two of the
new 56-type tubes. The over-all ampli
fication is approximately 20 db. 227
type, 230-type, or 237-type tubes may
also be used, if desired, with a slight
decrease (approximately 1.5 db) in
gain. If a larger amount of output
power is desired, 210-type tubes may
be used. - H. H. SCOTT

Prices on equipment used in the
booster described above are as follows:

TYPE 541-G Line-to-Grid Trans-
former . $12.00

TYPE 541·P Plate-to-Line Trans-
former . . . . . $12.00

2 TYPE 438 5-Prong Sockets .70
Special Base - Nickel-plated Brass

with Binding Posts . . .. $3.00

25

20

10

o

",.« fj".'
,0031~~· -111~~IEoA

G. P, I
5~20 100 1000 11000

FREQUENCY IN CYCLES

An excellent frequency characteristic is obtained



6 THE GENERAL RADIO EXPERIMENTER

AMATEUR CRYSTAL 1-I0LDER

The TYPE 560-A Crystal Holder assembled The cryslal is held under light pressure
The crystal is of course not included in the price of lhe holder

IN general, quartz-crystal holders for
amateur and experimental-trans

mission use are constructed with two
major considerations in view - fre
quency stability and maximum power
output. In amateur operation it is
generally advisable to sacrifice some
frequency stability to gain in power.

The two types of holders commonly
in use are the air-gap and pressure
plate types. The former are used in
circuits in which frequency stability
of the highest order is essential, and
the latter where stability may be sub
ordinated to power output.

The decreased air gap between the
top plate and the crystal in a pressure
type holder reduces the series capaci
tance in the crystal circuit, affording
material increase in output.

In the pressure-type holder any
considerable amount of lateral motion
of the crystal will cause variation in
frequency and output. This "sliding"
tendency of the crystal, when operated
in a power circuit, should be restricted
by means of some form of retention
device which should limit the motion
of the crystal without definitely pre
venting its natural oscillation.

The pressure requirements of the top
plate vary with different crystals and

with frequency. In some cases the
weight of the top electrode alone is suf
ficient, while in others, pressure, sup
plied by a spring, is required.

The contact surfaces of both holder
electrodes must be smooth and as flat
as possible to insure uniform operation
of the holder with different crystals.

An enclosed case is desirable to pro
tect the crystal from dust or other
foreign matter.

General Radio has designed a holder
to fill the above requirements. The
holder will accommodate crystals up to
17'8 inches in diameter, and of thick
nesses to 4 millimeters. Three blank
retention plates of fabricated bakelite
sheeting are provided so that the user
may readily cut out the blanks to ac
commodate crystals of various shapes.
Pressure on the top plate is provided
by a flat spring, the tension of which is
adjustable. Both electrodes are chro
mium plated. The case of the holder is of
moulded bakelite, dust proof, and easily
opened. Standard General Radio spac
ing of % inch is used between the plug
terminals. This is known as the TYPE
560-A Crystal Holder. The price is
$2.25, including three fabricated bake
lite retention blanks.
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STANDARD-RELAY RACKS

7

TELEPHONE practice for a long time
has been to mount equipment

on racks of standard dimensions.
Rack and panel dimensions have been
worked out so that provision is made
for instruments requiring various
amounts of panel space.

The standard relay rack takes a
panel width of 19 inches. The maxi
mum allowable width of apparatus
behind the panel is 17;Y2 inches.

A drilling arrangement for the up
rights of the rack has been worked out
which permits the mounting of any
size panel in any position on the rack
provided certain standard panel widths
and slotting arrangements are used.

The basic unit of panel width is 1%
inches. An allowance of ?{z inch is
made between panels for fitting so that
the standard panel sizes are n(l%)-~

where n is any integer.
The drilling and slotting arrange

ments for the panels are illustrated in
the figure. Holes are tapped for 10/32
screws.

Panel slots should be laid out on the
as umption tha t the top of the panel
comes between two holes placed at ;Y2
inch intervals.

It is of course not necessary to slot
the panel for each hole in the rack up
right. The holes are at uch intervals
tha t a symmetrical arrangement of
slots can be made in practically all
cases. The figw'e illustrates the loca
tion of slots in three typical cases show
ing in hea vy lines the positions actually
slotted. General practice is to use two
slots for panels up to and including
five rack units (8 2%!) wide, three siots
for the six-unit width, and four slots
for panel sizes up to eleven units.

TYI'E ~·80 Relay Racks: TYPE 480-B (left),
TYPE 480-A (right)

These numbers would be modified for
unusually light or unusually heavy in
stallations.

The General Radio Company is list
ing two types of relay rack. One of
these is a full size standard rack de
signed for mounting large assemblies
of laboratory equipment. It contains
mounting space for the equivalent of
thirty-six panel units.

A smaller unit is provided for bench
mounting. This is ideal for installation
of laboratory assemblies consisting of
several portions such as oscillators and
their rectifiers. This type of rack lends
itself to mounting at the back of labo
ratory tables to hold pel"manently in
stalled equipment, thus freeing the
table surface for other apparatus. The
rack is also ideal for assembling of



8 THE GENERAL RADIO EXPERIMENTER

: Allow l; d.t top d"d bottom of pb-nels fo!" cledl"'4nce.

TOP BAR! ~
• ~ I

~ -;- I i

Note: Cleo.rd.l1ce between verticdl
support.s on rc1.ck 17i ;,.,cnes.

Standard dimensions for panel cutting and drjUjng. Panel units are
in multiples of 1%:inches high by 19 inches wide. Maximum width

of apparatlls hehind the panel 17Yz inches

amateur-radio tran mitters. This rack
will mount twenty-five panel units.

Both racks are of steel frame and can
be bolted to the floor or table, although
this is usually not necessary. Both
racks are drilled as shown in tbe illus
tration above. Holes are tapped for
10/32 panel mounting screws. Mount
ing screws, washers, and bridle rings
for cabled wiring are supplied.

The large rack stands 63 inches from
the floor and has a panel mounting

space of 43~ inches by 19 inches. The
price of the large rack (TYPE 480-A)
is $40.00; that of the smaller (TYPE
480-B) is $15.00.

Panels for mounting apparatus on
these racks should be of .xl or 7ii-inch
aluminum depending upon the weight
of the apparatus to be supported.
Panels can be obtained cut to size wi th
finished edges from the Aluminum
Company of America or its local
jobber.

TIlE GENERAL RADIO COMPANY mails the Experimenter, without charge,

each month to engineers, scientists, and others interested in commun

ication-Jrequency measurement and control problems. Please send requests
for subscriptions and address-change notices to the

GENERAL RADIO COMPANY
30 State Street Cambridge A, Massachusetts
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ELECTRiCAL COMMUNiCATIONS TEC~NIQUE

AND ITS APPLICATIONS IN ALLIED FIELDS

H-IE WAVEMETER YIELDS

[i]ITJITJ

HE tuned-circuit wave-

T meter was the first accu
rate radio-frequency-mea
suring instrument, and it is

interesting that even now we measure
frequency with far higher accuracies
than any other quantity with which
the radio engineer deals. While tuned
circuit wavemeters have been greatly
refined, the accuracy of laboratory
measurements, and indeed commercial
requirements for frequency standards,
have outstripped them. So, while the
tuned-circuit type of wavemeter will
still be used for many purposes-as a
transfer instrument, and for measure
ment where an accuracy of about 0.1%
is sufficient, it must yield its place as a
secondary standard for really precise
work, just as it was displaced by the
crystal oscillator several years ago as a
primary standard. Again it is a form
of piezo oscillator which takes its place.

A few years ago, a wavemeter,
especially one of the precision type,
was regarded as a sufficiently accurate
frequency standard for use on commer
cial channels. With the total number

of stations on the air" constantly grow
ing, efficient use of the available radio
channels demands that the frequency
of each station deviate as little as
possible from that of its assigned
channel. The present regulations of
the Federal Radio Commission specify
frequency tolerances which are far
beyond the practical limits of a
calibrated tuned-circuit wavemeter.

The present frequency tolerances on
channels between 1500 and 23,000 kilo
cycles vary from 0.02% to 0.05%. To
reach accuracies of this order, measure
ments must be made by heterodyne
methods, since the best accuracy
which may be obtained commercially
with the tuned-circuit wavemeter is
in the vicinity of 0.1%.

The development of the piezo
electric oscillator has furnished accu
rate and inexpensive frequency stand
ards. As originally developed only a
single frequency and its harmonics
could be obtained from a single crystal.
Multivibrators opened a new range of
usefulness for piezo standards by
enormously increasing the number of
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frequencies which can be obtained from
a single standard. The multivibrator
extends the usefulness of the standard
by providing a harmonic eries whose
fundamental is equal to or a sub
multiple of the frequency of the
standard and is entirely controlled by
it. These two instruments in combina
tion provide a series of standard fre
quencies spaced at equal intervals
over the radio-frequency spectrum,
which can be used for frequency
measurements in much the same way
that milestones on a highway can be
used in measuring distance.

While this type of equipment is suit
able for use as a primary standard a
more flexible installation is needed for
commercial frequency measurements.

Frequencies which lie within a few
cycles of the standard harmonics can
be measured by direct comparison
methods, such as listening to beats in
an oscillating detector, but in order to
measure frequencies between the har
monics, an additional unit is required.
For this purpose, a heterodyne fre
quency meter is used.

The heterodyne frequency meter is a
highly stable radio-frequency oscillator
with a linear scale (straight-line-fre
quency condenser). Since this is a
tuned-circuit instrument, it is subject,
of course, to the usual variations in
frequency due to the temperature co
efficient and the effects of aging in the
tuned-circuit. Its stability over short
periods is extremely high and it can be
used as a calibrated frequency meter
of high accuracy if the calibration is
periodically checked. When used with
standard-frequency equipment, how
ever, it become purely an interpolating
device and the only factors affecting
the accuracy of measurement are its
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Illustrating method of interpolation between
standard-frequency harmonics

precision of setting and linearity of
scale, both of which are more than
adequate for commercial use.

This process of interpolation may be
better understood by reference to the
diagram of Figure 1 which shows a
plot of frequency against scale reading
for the heterodyne frequency meter.
By listening in a radio receiver, the
heterodyne frequency meter can be
successively adjusted to zero beat with
the unknown frequency, the multi
vibrator harmonic next above the
signal, and the harmonic next below
the signal. This gives three scale read
ings, Sx, S2, and S1, respectively. If
the frequency interval between multi
vibrator harmonics is 100 kilocycles,
the frequency interval between f t and fx
IS

-- X 100 KC (1)
S2 - SI

In other words, the frequency interval
between f1 and fxis proportional to the
corresponding fraction of the 100-kilo
cycle scale interval and the frequency
of fx is

Sx - SI
f1 + X 100 KC (2)

S2 - SI

If desired, operation (1) can be carried
out by means of a chart.
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The frequency of the harmonic f1

can be easily determined from the
calibration of the heterodyne frequency
meter.

The following analogy may be help
ful in explaining the interpolation
process. Suppose, for example, that a
man lives in a house between the towns
of A and B, and that he wishes to
determine exactly how far from A his
house is situated. These towns are
connected by a straight highway
marked by milestones. He knows that
the house is between the 8th and 9th
milestone from A. His problem is
therefore to determine the distance
between milestone number 8 and his
house. Starting out from the house he
paces off the distance to the 8th mile
stone and finds it to be exactly 440
paces. He then turns back and counts
the paces from the 8th milestone to the
9th and finds there are exactly 1760.
Since 1760 of his paces are equal to one
mile he knows the house is 440/1 760

of one mile from the 8th milestone.
His house then is located 8~ miles
from A.

While the mechanics of this distance
interpolation are similar to those of the
frequency measurement, there remains
one outstanding difference. While it
took our hypothetical householder
about an hour to perform his inter
polation on foot, the unknown fre
quency can be measured on the dial of
the heterodyne frequency meter in a
few seconds.

The interpolation process is not
limited to the fundamental frequency
range of the heterodyne frequency
meter. Interpolation can be made as
easily at harmonics as at the funda
mental. This allows measurements
over a wide range of frequency to be

The secondary standard described. It consists
of the following items:

TYPE 616-A Heterodyne.Freq'cy Meter $500.00
TYPE 592-A Multivibrator 150.00
TYPE 575-D Piezo-Electric Oscillator 215.00
TYPE 480-B Relay Rack 15.00
TYPE 376-J Quartz Plate (for oscillator) 85.00

TOTAL $965.00
(Blank panel is not included in this price)

made with an instrument whose funda
mental frequency range is limited.

For use in this method of frequency
measurement, the General Radio Com
pany offers the assembly shown in
Figure 2.

This assembly is capable of measur
ing frequencies from below 100 kc to
about 30,000 kc. The overall accuracy
is better than 0.01%. It is suitable for
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the measmement of the frequencies of
transmitted and received signals and
for the standardization of receivers and
other calibrated apparatus.

It is particularly recommended for
small communication companies en
gaged in furnishing a limited class of
ervice as, for instance, airplane com

munication.
The piezo-electric oscillator is the

same instrument used in the General
Radio visual frequency monitor for
broadcast station. Its absolute accu
racy with TYPE 376-J Quartz Plate is
guaranteed to be within 0.002 o. The
multivibrator is of the type used in the
General Radio Class C-21-II Standard
Frequency, a precise primary standard.

The TYPE 616-A Heterodyne Fre
qnency Meter is a highly stable tuned
circuit osciHator using a traight-line
frequency precision conden er. It is
entirely alternating-current operated
and uses the voltage stabilization
feature described in the August

Experimenter. Its fundamental fre
quency range i from 100 to 5000
kilocycles. By using harmonic methods,
it can be used to measure frequencie
from 10 to 30,000 kilocycles. A de
tector and audio amplifier are included.

A portable, battery-operated hetero
dyne frequency meter is also available.
This instrument, TYPE 615-A Hetero
dyne Frequency Meter, covers a fre
quency range of from 275 to 5000 kilo
cycles. It is similar in appearance to
the model shown on page 8 of the
August Experimenter. The portable
feature is often an advantage, since
the instrument can be checked in
the laboratory against a frequency
standard and then used for frequency
mea urements at points remote from
the laboratory. Its price i 375.00.

uhstituting this instrument for the
relay-rack model of Figme 2 makes
the price of the complete assembly
$840.00.

- CHARLES E. WORTHE '

A LABORATORY H(:T(:RODYN(:

I ' .the whole range of frequencies
above audibility there has not been

commercially available equipment for
demodulation and amplification of
super-audible frequencies, yet such
equipment is a necessary accessory'for
many types of laboratory measure
ments, and greatly extends the useful
ness of other standard equipment.
Bridge mea mements, for example, can
be made at frequencies above the
broadcast band. Infrequency measme
ments, a heterodyne is of comse
indispensable.

To be ufficiently flexible for general
use, uch an in trument must cover
an extremely wide frequency range
with a fairly uniform sensitivity. Com
mercial receiver are available for cer
tain frequency bands, but no single
instrument of such characteristics has
been available which would cover the
entire frequency band from 85 kilo
cycles to 20 megacycles.

The TYPE 619 Heterodyne Detector,
, hile originally designed for u e in a
frequency-monitoring system, meets
these conditions very well and is
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TYPE 619-A Heterodyne Detector

entirely suitable for use as a general
purpose heterodyne.

It consists of a tuned, regenerative
detector whose frequency range extends
from 85 to 6000 kilocycles, and a two
stage audio amplifier. This range of
frequencies is covered by the tandard
et of twelve coil furnished with the

instrument. In addition, six extra coils
are available which extend the range
to 20 megacycles. A regeneration con
tml is provided so that the detector
can be used in either the 0 cilla ting or
the non.oscillating condition.

This control is extremely silent in
operation and no "ft'inge howl" or
click are noticeable when the detector
goes into oscillation.

The amplifier output tran former is
designed to work into a pair of tele
phones.

This instrument is available in two
models, one battery operated and the
other designed for operation from a

nO-volt, 60-cycle, alternating-current
line. Both models are intended for
relay.rack mounting, but can be sup
plied in cabinet mounting at a slight
increase in cost.

The minimum-detectable signal with
the battery-operated model is about 40
microvolts with a signal 30% modu
lated at 1000 cycles and with hetero
dyne reception of an unmodulated
signal it is about one microvolt.

The alternating-current model has
slightly higher background noise level
and its sensitivity to the modulated
signal is about 100 microvolts over
mo t of the ft'equency range. ing
beat reception with this model a signal
of about 2 microvolts can be detected.

These values are for threshold sensi
tivity, the weakest signal which can be
heard.

The price of the a-c model (TYPE
619·AR) is $250.00 and that of the bat·
tery model (TYPE 619·BR) is 225.00.
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A RADIO-FREQUENCY OSCILLATOR FOR THE LABORATORY

TYPE 484 Radio-Frequency Oscillator. The drawer provides
storage space for extra coils

A RADIO-FREQUENCY GENERATOR cov
ering a wide range of frequency

is often needed for laboratory mea
surements.

The TYPE 484-A Modulated Oscilla
tor has been designed to fill the need
for a general-purpose instrument which
can be adapted to a variety of prob
lems. Among its features are a wide fre
quency range, straight-line-frequency
condenser, precision dial, internal mod
ulation, output control, and low
external field.

The normal frequency range is from
490 kilocycles to 40 megacycles covered
with 5 plug-in inductors. Two addi
tional inductors are also available. One
spans the intermediate frequencies
used in superheterodynes. The other
operates at 100 kilocycles. The small
change of frequency with dial setting

on this coil, combined with the slow
motion dial, permits setting the oscilla
tor with extreme precision at 100
kilocycles, in comparison with a stand
ard.

The frequency ratio of each coil is
approximately 3:1. The condenser is
controlled by a TYPE 706-B, 6-inch
precision dial, which has a slow-motion
drive with a 3:1 reduction ratio. Its
total scale length is 450 divisions and
it can be set to within one-fifth divi
SIOn.

Modulating voltage is supplied from
a 1000-cycle vacuum-tube oscillator
which is included in the instrument.
The modulation oscillator is a plug-in
unit, and units for other frequencies
are easily substituted. The percentage
modulation is approximately 30%. A
short-circuiting plug is provided which



OCTOBER, 1932-VOL. VII-No.5 7

replaces the audio-frequency coils when
it is desired to use the oscillator un
modulated.

The output is controlled by a poten
tiometer having an Ayrton-Perry wind
ing. The maximum output voltage
available is 2.0 volts. At the highest
frequencies this drops to 0.2 volt. Over
the range of anyone coil the voltage
varies by a ratio of approximately 1.5
to 1.

The oscillator is battery operated
and uses two 230-type tubes. Batteries
are self-contained.

This oscillator is a suitable power
source for use with the TYPE 516-A
Radio-Frequency Bridge. Other uses
include resistance measurements at
radio frequencies, testing receiving
circuits, and determining detection
characteristics of vacuum tubes.

It is an exceptionally useful instru
ment for experimental and demonstra
tion use in college laboratories.

The price, less tubes, batteries, and
inductors, is 125.00.

Code Word-CREST.
Inductors available are listed below:

Type Frequency Range Price Code Word
484-P1 23.5 me to 40 me $8.00 MODOSCBIRD

484·P2 8.9 me to 27 me 8.00 MODOSCDESK

484-P3 3.2 me to 10.5 me 8.00 MODOSCFORD

484·P4 1220 ke to 4225 ke 8.00 lIfODOSCGIRL

484-P5 490 ke to 1650 ke 8.00 lIfODOSCGOAT

484-Pll 160 ke to 270 ke 8.00 1I1ODOSCHYlIf

484-P12 100 ke 8.00 1I10DOSClIIILK

484-P21 4oo-eycle oseiUator ullit 12.00 1II0DOSCPALlIf

Weight. ....... 32 Ibs.
Dimensions: 1431 deep x 1231 high x 19:Y.( inehes long

A NEW PLUG GROUP

TYPE 674-D TYPE 674-J TYPE 674-P

THE TYPE 674 Plugs, illustrated, are
similar in features and convenience

to the well·known 274 type.

They are capable of carrying much
heavier current (up to 50 amperes)
and have a low contact resistance.
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A conical shoulder on the plug fits
smoothly into a similar recess on the
jack, and the main path of current i
not through the plug springs.

Provision i made for attaching
heavy leads to the plugs. A turned
over lug is provided which clasps both
the bared end of the wire and the in
sulated body. The latter feature re
moves the strain of the hea y lead
from the joint.

The plugs are particularly conve
nient for mounting transmitting in
ductances. Copper tubing %i-inch diam-

eter can be fitted directly into the jack
end of the TYPE 674-D Plug.

A precaution should be observed in
soldering to the plugs. The pho phor
bronze spring should be held with a
wet cloth, otherwi e the long heating
necessary for soldering the large con
nections may damage the temper of
the plug spring.

TYPE 674-P II-Metal Plug. . .. 0.25

TYPE 674-J Jack. . . . . . . . . . . . . .35

TYPE 674-D Insulated Plug
with Jack Sleeve .50

BRIDGE MEASUREMENTS AT HIGH FREQUENCIES

and below the broadcast range a more
flexible instrument is needed. The
features of the TYPE 619 Heterodyne
Detector, described in thi issue, recom
mend it for use with the TYPE 516-A
Bridge. The frequency range of the
heterodyne detector include nearly
all frequencies at which the bridge
would be used. Its sen itivity is suffi
cient for good bridge balance. The
following figures indicate the accuracy
of balance at representative frequen
cies, using the TYPE 484-A Radio
Frequency Oscillator and the TYPE
619-B Heterodyne Detector. The TYPE
619-A (a-c type) has a slightly higher
noise level, and Ie accurate balances
can be obtained with it.

Unmodulated
0.15 J.LlJ.fO.7 ohms
0.05 J.LJ.LfO.025 ohms
0.005 J.LJ.Lf 0.01 ohms

THE July (1932) Experimenter con
tained an article describing a bridge

suitable for measurements at radio
frequencies. This article mentioned an
oscillator that was being developed
which would be suited for use with the
TYPE 516-A Bridge. This oscillator
(the TYPE 484- ) is announced in
this issue of the Experimenter. It i
shown set up for use with the high
frequency bridge in Figure 4 of the
July article.

In the bridge article, a broadca t
receiver was suggested as a null indi
cator. This is probably the most satis
factory detector at broadcast frequen
cies, but where work is to be pursued
over a wide range of frequencies above

Frequency Modulated
200 kc 10 J.LJ.Lf

1000 kc 0.5 J.LJ.Lf 0.5 ohms
2500 kc 0.05 J.LJ.Lf 0.03 ohms

~~

TillE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests
for subscriptions and address-change notices to the

GENERAL RADIO COMPANY
30 State Street Cambridge At Massachusetts
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A SIGNAL GENERATOR FOR THE NEW RECEIVER TESTS

mlIE last few years have seen

T some great advances in
the electrical design of
radio receivers, particu

lady since the superheterodyne princi
ple has been so widely adopted by
many manufacturers. Both the type
and technique of receiver measure
ments have undergone many changes
since then, due partly to the general
improvements in receivers and partly
to the additional tests necessary with
superheterodynes.

In measuring broadcast receivers a
new method of measurement, the so
called two signal generator test, i
receiving wide acceptance. With this
method, two standard-signal gener
ators are employed, one of which
delivers to the receiver, through a
dummy antenna, what is termed the
"desired signal." This signal is a car
rier to which the receiver is tuned and
represents the program that is being
listened to, to the exclusion of all
others. Then, in order to determine
how successfully the receiver elimi
nates the other undesired signals, a
second signal generator is set up and

also connected to the receiver. Its
frequency is variable over a wide range
and it represents any channel which
might possibly interfere with the
desired signal.

The requirements for the generator
of the desired signal are very simple.
Only three or four test frequencies dis
tributed in the broadcast band are
necessary. The three test frequencies
recommended by the 1. R. E. Com
mittee on Standardization are 600,
1000, and 1400 kilocycles. Its ampli
tude need be adjusted to only three
standard input voltages. Those recom
mended by the Committee are 50,
5000, and 200,000 microvolts, repre
senting weak, medium, and very strong
signals. Modulation at about 30% at
400 cycles is desirable for preliminary
adjustment of the receiver.

The interfering signaI generator is
necessarily more complicated. In the
first place, its frequency should be
variable between approximately 100
and 5000 kilocycles. Its frequency
calibration should be good (inciden
tally, the frequency calibration of the
desired signal generator does not need
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Lo be particularly precise since it can
be checked against the other instru
ment wbich must be calibrated). The
frequency modulation must also be
reduced to a low value; and the last
and most important requirement i
that it output be variable between 0.5
microvolt and 1.0 volt.

The method of making the test i
simple. Tbe de ired signal is set at one
of Lhe Lest frequencies, for instance,
600 kilocycles, and adjusted to give an
output amplitude of 50 microvolts. It
is modulated so that the receiver may
be tu ned to i L; the receiver's vol ume
control is adjusted to give the standard
50-milliwatt power output. Once tuned,
the modulation is turned off so that
only the carrier is applied on the
desired channel. The interfering ignal
genera Lor is then turned on and its fre
quency is varied across a considerable
frequency range. In most case this
should be about 100 kilocycles on each
side of Lhe desired chal1l1eI.

Tbe average user of broadcast l·e
ceivers will find that, if bis set is
delivering an output power of 50 milli
watts, an interfering ignal baving a
power of 50 micl"Owatts is objection
able. On thi assumption, the ampli
tude ofthe interfering signal is adjusted
as it is swept across the undesired
channels until an interference test ou t
put, that is, 50 microwatts, is observed
from the receiver under test for points
spaced evel·y 10 kilocycles in the inter
ference band. A curve can be plotted
indicating the amplitude of the inter
fering signal necessary to give the 50
microwatts interference output. During
all of these tests, the percentage of
modula tion of the interfering signal is
kept at 30% at a frequency of 400
cycles. Tbe test may also be repeated
wiLh the amplitude of the desired signal
increased from 50 to 5000 and 200,000
microvolts.

One of the problem in tbe design of
superheterodyne receivers is to elimi-

FIG RE 1. Panel view of a TYPE 603-A tandard-Signal Generator. The meLers read Lhc
filamenL and plate voltages, modulation voltage, and carrier amplitude. ote the large

freqnency-control dial
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nate various cross modulations which
occur between the received signals and
the local oscillator, particularly at the
image frequency of the local oscillator.
Other interference is due to direct
pickup in the intermediate frequency
amplifier. In order to determine the
magnitude of this type of interference,
a so-called "whistle interference test"
is used. The tests are conducted the
same as those described above, except
that the interfel'ing signal is unmodu
lated. Its frequency is varied across a
wide band embracing the frequency of
the intermediate amplifier and extend
ing considerably above the frequency
of the desired signal to include all
possible points of cross modulation. In
order that the audio-frequency system
of the receiver shall not affect the test,
a whistle when it occurs is adjusted to
a frequency of approximately 400
cycles. The amplitude ofthe interfering
signal generator is varied until the
interference test output of 50 micro
watts is obtained. Occasionally, it may
be desirable, but it is not necessary, to
vary the interfering signal by a very
small amount so that the whistle fre
quency covers several points in the
audio-frequency spectrum.

The requirements for the interfering
signal generator are such that with a
few additional controls it will also
mea ure other important receiver char
acteristics. For instance, the over-all
side-band response of a receiver can be
determined by adjusting the frequency
of the external audio modulation on
the signal generator and noting the
output-frequency characteristic of the
receiver. The signal generator is set at
one of the test frequencies in the broad
cast band and 30% modulation at 400
cycles is applied. The gain of the

receiver is adjusted so that the 50
milliwatt standard output is obtained.
The audio modulation is varied from
about 40 to 5000 cycles and the output
power from the receiver is noted at
various frequencies.

In making a test of this sort, the out
put load for the receiver can be either
a rectifier-type meter having a resist
ance corresponding to the impedance
into which the output tubes are de
signed to work, the output transformer
having been removed or its secondary
opened; or it may be a high-resistance
output meter connected across the
voice coil of the dynamic speaker. In
the latter case, however, changes in
the voice coil impedance due to its
frequency characteristic and motional
impedance will enter into the measure
ment. If the receiver is equipped with
a tone control, the effect of this control
on the frequency characteristic can
also be observed.

Often it is very desirable, particu
larly when using pentode output tubes,
to investigate the effect of various load
impedances on the performance of the
tubes. The General Radio TYPE 583-A
Output Power Meter has an impedance
which is variable between 2.5 and
20,000 ohms. It can be used either in
place of the voice coil of the dynamic
speaker or the primary of the output
transformer. The difference in power
delivered to varying loads for a given
modulated radio-frequency input to the
receiver can be noted by the various
settings of the impedance switch.

With the general requirements in
mind of the standard-signal generator
necessary for the above tests the
General Radio Company has developed
the TYPE 603-A Standard-Signal Gen
erator. This instrument is intended to
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FIGURE 2. Rear view of the TYPE 603-A Standard-Signal Generator with the cabinet
removed. The left-hand compartment contains the attenuator system and shielded
thermoconple meter. The atteullator is divided into two sections, each honsed in an

aluminllnl casling

have the utmost flexibility. It is not
restricted to the measurement of
receivers in the broadcast band, but its
frequency range has been extended to
include most of the frequencies now in
general use for radio transmission. As
specifically applied to the requirements
of the interfering signal generator and
for the generator to be used for measur
ing the audio-frequency response, the
TYPE 603-A Standard-Signal Gener
ator has the following characteristics.
The frequency range between 100 and
4400 kilocycles is covered by five coils.
Two of these cover the broadcast band
and have a combined range from 420
to 1900 kilocycles. The output voltage
is continuously adjustable from 0.5
microvolt to 1.0 volt.

The ability to set and reset the
carrier frequency of a standard-signal
generator is ofconsiderable importance.
In order to facilitate this, a large and

accurately engraved tuning dial is
used. It is 8 inches in diameter and
engraved around 2700 of its circum
ference with 600 divisions. A magni
fying glass is provided so that parts of
a division may be read easily to im
prove the accuracy of setting. Fifths of
a division can be very easily estimated.
In the high frequency portion of the
broadcast band, the coil has a range
from 850 to 1900 kilocycles. The tuning
dial has 600 divisions. This means a
frequency change of about 1750 cycles
per division for the coil span of 1050
kilocycles. Estimating fifths of divi·
sions, the tuning can be set easily to
within 350 cycles. The tuning con
denser, incidentally, is straight-line
frequency so that linear interpolation
is possible.

The internal modulation system con·
sists of a 400-cycle audio-frequency
oscillator which delivers sufficient pow-
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er for 90% modulation of the carrier.
Its frequency i adj us ted within ± 20
cycles. The modula tion percentage is
continuously variable aud the accuracy
of calibration is such that when set for
any given modulation it will be correct
to within 10% of the percentage of
modulation, using either internal or ex
ternal modulation at 400 cycles.

The frequency characteristic of the
modulation system is good and ex
ternal modulation can be used with
considerable accuracy over a wide fre
quency range. The highest audio fre
quency that can be used will depend
upon the frequency of the carrier being
modulated. The highest audio fre
quency that will produce an effective
carrier modulation within 1 decibel of
the modulation meter indication is
about 1.5% of the carrier frequency.
On low-frequency coils, this is the
limiting factor. On higher-frequency
coils, the radio-frequency fiI tel' and
audio-frequency meter in the modula
tion circuit limit it to about 6000 cycles
for an error of 1 decibel, or 10,000
cycles for an errOl' of 2 decibels.

Very low power is required to modu
late the instrnment. Modulation at
30% is ob tained by a power of abou t
60 miJliwatts. The impedance at the
external modulation terminals is about
5000 ohms.

The design of a flexible and accurate
s.ignal generator involves several im
portant considerations. Two of the
outstanding ones are the design of an
attenuator that will operate success
fully over a wide range of radio fre
quencies, and the reduction of stray
fields to such a level that they do not
enter into measurements when using
the signal generator at very low out
put voltages. The attenuation system

of the TYPE 603-A Standard-Signal
Generator is such that essentially no
measurable errors creep into its attenu
ation characteristics at frequencies up
to and through the broadcast band.
Some errors are involved in the actual
direct-current calibration of the re
sistors and errors inherent in the
direct-current d'Arsonval meter used
wi th the thermocouples. These aggre
gate about 3%. At 10,000 kilocycles,
the error in the attenuator becomes
measurable and amounts to about 7%,
which, together with the other errors
mentioned above, give a total error at
this frequency of perhaps 10%. At
25,000 kilocycles, all errors total to
about 20%. By a carefnl design and
layout of the oscillator and attenuator
circuits, together with good shielding
and use of toroidal coils in the oscillator
circuit, the leakage is reduced to a
point where it cannot be measured
uuless a highly sensitive receiver is
connected directly to a multi-turn
pickup coil, which is placed within a
few inches of the panel of the instru
ment. These fields are in general so
small that they do not affect measure
ments at 0.5 microvolt, even when
using an unshielded receiver.

- A. E. THIESSEN

* * * * *
The price of the TYPE 603-A Stand

ard-Signal Generator is $600.00 with
two calibrated coils for the frequency
band from 420 to 1900 kilocycles.
Additional calibrated coils for the
complete frequency range of the in
strument from 100 to 25,000 kilocycles
are priced from $10.00 to $15.00 each,
depending on the range. Calibration
curves, if desired, cost $5.00 each
additional.
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A DIR~CT - R~ADING M~T~R FOR POW~R AND IMP~DANC~

M~ASUR~M~NTS

FIGURE 1. Panel view of a TYPE 583-A Output Power Meter, sbowing tbe
available impedance settings and tbe meter scale

IT has heretofore been necessary,
when power measurements were to

be made over a wide range of im
pedance values, to use a decade re
sistance box and a meter to indicate
current or voltage. With data so taken,
the power can be calculated, and from
a plot of power delivered versus load
resistance, the internal impedance of

. the source under measurement can be
determined.

This is a laborious process and in
addition it consumes a good deal of
time, especially when data for several
such curves must be taken as the
characteristics of the circuit under
measurement are varied. An instru
ment which indicates directly power
and impedance enables these measure
ments to be made simply and con
veniently and is an extremely useful
tool in the communication laboratory.

In the May, 1932, Experimenter the
TYPE 583-A Output Power Meter
which was designed for this purpose
was briefly described.*

This instrument consists of a vari
able ratio transformer, a loss adjusting
network to give constant loss at all
ratios, a meter multiplier network, and
a copper-oxide rectifier-type meter.

The impedance range is extremely
wide, extending from 2.5 ohms to
20,000 ohms. This is a ratio of 8000:1
and more than covers all the im
pedance values likely to be encoun
tered in communication measurements.

The ratio of maximum to minimum
power which can be read on the meter
is 5000:1, extending from one milli
watt to 5 watts. An auxiliary scale in
decibels referred to a zero level of one
milliwatt is also included.

The input impedance of the instru-

*Jol1n D. Crawford... A Power l\1eler wilh a 'Wide Impedance Range."
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FIGURE 2. A curve of power output versus load resistance for a generator
with a 500-ohm internal impedance

ment is adju table in 40 steps spaced
at approximately logarithmic intervals.
This feature is of considerable im
portance. Figure 2 shows a plot of
power output against load resistance
for a device having an internal imped
ance of 500 ohms. The vertical lines on
this plot correspond to the impedanc
values available in the power output
meter, and these point are sufficiently
clo e together 0 that the maximum
power can be ea ily determined. ince
the load impedance scale is logarithmic,
the curve is symmetrical about the
maximum power point. With logarith
mic step of impedance, therefore, the
impedance corresponding to maximum
power output can be closely estima ted
as the impedance switch is varied.

The vertical cale intervals of Figure
2 correspond to the angular deflection
on the scale of the indicator. Since a
copper-oxide voltmeter has an approxi
mately linear scale, the scale for power
calibration follows an inverse square
law. This preads out the low end of
the scale allowing the meter to be read
closely at low scale deflections.

AI though the impedance can be
varied by a ratio of 8000:1, a high
accuracy of indication is obtainable
over the grea tel' portion of the useful

frequency range. The error in full·
scale power readi ng does not exceed
0.3 db between 150 and 2500 cycles per
second and the average error between
30 and 5000 cycles i also not greater
than 0.3 db. Since the variable-ratio
transformer cannot be an "ideal" one,
omewhat larger errors occur at the

high and 1m ends of the useful fre
quency range. Between 20 and 10,000
cycles per second the a verage error is
0.6 db and the maximum error at any
impedance setting a t these extreme
frequencies is 1.5 db.

The impedance error is also quitc
mall over the greater portion of the

frequency range. Between 150 anu
3000 cycles per second this error does
not exceed 7%. The average error
between 30 and 5000 cycles per second
is 8%. Since the accuracy of the best
copper-oxideindicati ng element is only
about 4%, these figures show that the
other circuit elements are held to ex·
tremely small tolerances. At higher and
lowerfrequencies, as might be expected,
the impedance error increases, and the
average error between 20 and 10,000
cycles per second is 20 Q. . t the two
extreme frequencie of 20 and 10,000
the maximum impedance error at any
setting is 50%.
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An analysis of these figures, particu
larly with reference to the curve of
Figure 2, will show that they are, for
the most part, negligible except at the
highest and lowest frequencies.

The TYPE 583-A Output Power
Meter is not intended to be a precision
instrument and the uses for which it is
designed do not usually justify pre
cision methods. It combines conve
nience, wide range, and low price with a
reasonable degree of accuracy and per
mi ts a high degree of accuracy over a
somewhat smaller range.

To the communication engineer the
uses of this instrument are obvious.
Wherever power and impedance mea
surements must be made: in the design
and testing of filters, transformers, and
other networks; in measuring the power
output of vacuum tubes; in making
many of the standard tests on radio
receivers; its use saves a considerable

amount of time hitherto spent in
manipulation and in calculating results.

It is useful in determining directly
the power output of a generator or
other source as a function of load
impedance and the internal impedance
of the source can be determined by
means of the maximum power output
point.

In matching loudspeakers to vacuum
tubes, it is often necessary to make
several series of observations in order
to simulate the varying impedance
characteristics of the speaker. For this
purpose, the TYPE 583-A Power Outpu t
Meter gives the desired results very
quickly. It is sufficiently sensitive to
measure directly the output of a phono
graph pickup in order to determine its
internal impedance and output power
level.

The price of the TYPE 583-A Output
Power Meter is $95.00.

A N~W PLUG GROUP

TYPE 674 PLUGS AND JACKS

674-D 674-J 674-P

The prices of the TYPE 674 Plugs
and Jacks were incorrect as listed ill
the October issue of the Experimenter.

The correct prices are:

TYPE 674-P All-Metal Plug ..... $0.35
TYPE 674-J Jack. .25
TYPE 674-D Insulated Plug. . . .50

THE GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun

ication-frequency measurement and control problems. Please send requests

for subscriptions and address-change notices to the

G~N~RAL RADIO COMPANY

30 State Street Cambridge A, Massachusetts
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THE STROBOSCOPE

THE quickness of the hand
deceives the eye. But the eye
knows a trick or two, and,
aided by ingenious mechan
isms, it is not deceived by the
gyrations of machinery at far
higher speeds than the trick
ster's hand achieves. Hence
the stroboscope, which is not
new, and the Edgerton' strob
oscope, which is.

Stroboscopes and their ap
plications are described here
with. The Edgerton strobo
scope on page 5.

[2]HE "mb~pe 00'&'"fundamentally of a deviceT which permits intermittent
_ observations, either visual
or photographic, of a moving object in
such a manner as to
reduce the speed of,
or stop, the motion.

The slow-motion
picture is a familiar
example of the inter
esting and profitable
information which
may be derived from a
leisurely study of
events which neces
sarily take place at a
high rate of speed. The
tennis player cannot
slow the champion
ship stroke to accom
modate the laggard
eye of the novice, but the camera can,
and the motion picture camera is a
stroboscope, but not all stroboscopes
are cameras.

The camera shutter, operating at
high speed, chops up the action into a
number of small elements, so short that

movement is not apparent in anyone.
The film can then be projected at nor
mal speed with results that are in
structive, or even backward with re
sults that may be amusing. The func-

tion of the shutter is
to exclude light from
the film except for
brief flashes. It seems
reasonable that the
same result can be ob
tained by shutting off
the light from the ob
ject, except for brief
flashes. This is the na
ture of the second
style of stroboscope,
of which the Edgerton
type is the outstand 
ing example.Obviously
this type of strobo-
scope is well adapted

for visual observations. Photography
must still be used, if a non-repeated
event is viewed, to store the elemen
tary views and to release them later at a
rate that the eye and mind can follow.

Consider, however, an indefatigable
tennis player who repeats his stroke,

The Edgerton Strob08COpe i. a development of Prof. Harold E. Edgerton. Ma8!lachu8ett8 Inlltitute of TechDolo~"
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Courtesy of Simplex Wire and Uable CO.

THE STROBOSCOPE STOPS MOTION

An insulation winder operating at normal
speed. The carriage carrying the spools was
revolving 180 r. p. m., the spools were also
turning. A lower carriage turns in the opposite
direction. The picture conveys an imperfect
idea of the distinctness with which the opera
tion of such machines can be observed visually.
The threads and feeding mechanisms can be
followed perfectly. The exposure lasted about
one second, yet there is no blurring, testifying

to the-accuracy of flashing (unretouched)

identically, one thousand times a min
ute in a darkened room. If the light
be flashed on him at a constant rate,
exactly equal to his stroking rate, he
will appear as though motionless under
continuous illumination. If the flash
speed be slightly slower than his strok
ing rate, his arm will be illuminated a
little farther along in the stroke each
time the light flashes and, as the eye
retains the image between flashes, the
madly stroking player will seem lei
surely, and a single stroke can be spread
over a minute if desired.

Humans, tennis playing or other
wise, cannot repeat uniform cycles at
any such speed.. Machines can, and
wherever complicated machines are de
signed, built, or used, the ability to
watch their operation in slow motion
without photography is a boon.

The stroboscope permits stopping
the motion of the machine (visually)
for examination of machine or product
at any part of its operating cycle while

the grommets flow into the hoppers at
undiminished speed. Or, perhaps, a
squeaking clutch, a vibrating shaft, or
a chattering valve spring stands be
tween a new model and a waiting pub
lic-which will not wait long. A slow
motion study will show the trouble, or
the primary motion may be stopped
and the vibrating member made as
conspicuous as a mosquito-brushing
hand at formal guard mount.

Sometimes the transient movement
or vibration takes place at too high a
speed for the eye even with the pri
mary motion stopped. Here photog
raphy is resorted to for a second slow
ing down of the transient.

A little consideration of what is be
ing done by the stroboscope is suffi
cient to set up the requirements of a
satisfactory one.

An accurate means of timing the
flash and a prompt and accurate re
sponse to the flash control are essen
tial, otherwise the object will be
viewed at irregular intervals, and vi
brations not present in the object
viewed will be introduced.

The flash must be of extremely short
duration. Otherwise appreciable mo
tion will take place during illumina
tion, and blurring of detail will result.

The light must be brilliant. Other
wise the room must be made entirely
dark, and details will not be seen
clearly.

Stroboscope Arithmetic
Suppose that the object to be observed is

executing uniformly R complete cycles of mo
tion in unit time. Suppose further that the ob
ject is either viewed through a shutter open
ing for F brief, uniformly timed intervals,
or is illuminated by F uniform instantaneous
flashes of light in unit time. Then, if

R = nF (1)
where n is an integral number, it will be evi-
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wheneverdent that each point of the object will be in
exactly the same position in its cycle of motion
at each observation, resulting in what we shall
designate as a condition of "perfect" syn
chronism. Accordingly, all apparent motion of
the body will be arrested, so that it will appear
to be stationary at some particular phase in its
cycle of motion, provided that the opening of
the shutter or the flash of the lamp is of ex
tremely short duration. If this interval of ob
servation is of sufficient duration, the moving
object, even when viewed stroboscopically,
will appear blurred in outline, since each point
of the body executes a perceptible amount of
motion during the interval of observation.

It is further evident that the phase of the
observed position of the object in its cycle of
motion may be controlled at will merely by
shifting the phase of the synchronous shutter
or light flash with respect to the motion.

The special case of perfect synchronism,
in which the frequency of motion and of
observation are identical, is known as "funda
mental" synchronism.

If n is greater than 1, the object will be ob
served only at every nth cycle of motion, so
that the integrated illumination is reduced
to the fractional amount lin times the illum
ination at fundamental synchronism.

Although any condition of perfect syn
chronism will completely arrest the motion, it
is obviously desirable to work at the condition
of fun"damental synchronism.

If, on the other hand,
F = kR (2)

where k is any integral number greater than 1,
then each point of the object will be visible k
times per cycleof motion and will, accordingly,
be observed successively at k points equally
spaced, 'in time, throughout the cycle of mo
tion. Such a condition, which is known as
"partial" synchronism, while apparently ar
resting the motion of the object, is not, in gen
eral, satisfactory for visual strob(\scopic ob
servations. For example, a rotating disc hav
ing one radial line is seen as a disc with k
radial lines.

A more distinct image is obtained at partial
synchronism if the body is composed of mk
identical parts equally spaced, in time,
throughout the cycle of motion, e. g" by a
wheel having P = mk spokes. Further, it
can readily 'be shown that such a wheel will
appear as a stationary wheel having P spokes

PR = nF (3)
On the other hand, the wheel having P

spokes will appear as a stationary wheel hav,
ing nP spokes whenever

nPR = F (4)
Reference to equation (3) shows that there

are, theoretically, an infinite number of values
of R or of F for which a wheel of P spokes will
be seen as a stationary wheel of P spokes. The
larger the value of P, the greater will be the
number of these partial synchronisms which
occur within a given range of values of R or F.
These facts are of importance in using the
stroboscope to determine the frequency or
speed of cyclic motions.

We have so far analyzed the fundamental
laws of the stroboscope for conditions of ex
act synchronism, either partial or perfect.
Consider now the case where the cyclic fre
quency of ~otion is slightly greater than an
integral multiple of the frequency of obser
vation-

R = nF + 5 (5)
where 5 is small compared to R. This means
that the moving object will execute slightly
more than n cycles of motion during the in
terval between observations so that the phase
at which it is seen stroboscopically will con
tinually advance. The object will therefore ap
pear to move at a slow cyclic frequency of

5 = R-nF (Sa)
cycles in unit time and to travel in the same
direction as the object is actually moving.

Conversely, if the cyclic frequency is
slightly less than an integral multiple of the
frequency of observation the phase at which
the object is seen stroboscopically will con
tinually recede so that the object will appear
to move at a slow cyclic frequency in a direc
tion opposite to the true motion:

5 = nF-R (6)

The slow stroboscopiC motion which can be
obtained in this manner, and which can be ad
justed to become a very small fraction of the
true speed, makes the stroboscope extremely
valuable in watching the cycle of motion of
machinery running at speeds too high to be
followed with the unaided eye.

The frequency of stroboscopic motion, 5,
may be made as slow as desired. On the other
hand if 5 is increased above a certain limit the
observed motion becomes intermittent and
less satisfactory for purposes of visual study.
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SOME STROBOSCOPE APPLICATIONS
DEVELOPMENT

An automobile manufacturer was
troubled by a slight crank-shaft vibra
tion in a new model, far too small to be
observed in the rapidly revolving shaft.
The stroboscope stopped the shaft mo
tion and left the vibration which was
seen and measured, although amount
ing to but 0.001 inch.

Automobile radio installations use a
vibrating reed interruptor to obtain
high voltage from the storage battery.
The efficiency of these devices has
been greatly increased by stroboscopic
studies, revealing bending of the reed,
chattering of the contacts, etc.

Other development applications:
study or'hunting in machinery, tor"ion
in shafts, shaft whip, clutch slip, en
gagement of sprockets, cam action, be
havior of loudspeakers.

PRODUCT CONTROL

The artistic effect of Andy Gump
may be seriously impaired if Uncle
Bim's necktie trespasses on his collar
or on his chin. The proper color register
with high-speed presses-for in mod
ern plants the paper speed may ap
proach a mile a minute-is a trouble
some task. At present the register can
not be examined until the paper comes
off the press, and much paper is wasted
in the process of correcting the register.
With the stroboscope, the sheet may be
examined as though stationary while the
paper rushes past. When the operator
adjusts his register Uncle Bim's neck
tie slides gently into place and much
paper and time are saved. Similarly
the product of other high-speed ma
chines can be examined and imperfec
tions quickly spotted, and perhaps cor
rected, without stopping the machine.

PLANT MAINTENANCE

When machinery fails, operatives
are thrown out of employment, cus
tomers wait, or trade elsewhere. Ob
served with the stroboscope, the
machine can be followed through its
cycle and the faltering element quickly
spotted. Typical applications: slipping
belt drives, clutches, chattering gears,
hunting motors, chattering relays.

SALES

Vacuum cleaners, automobile tires,
sewing machines-many consumer and
industrial products operate at too high
speeds for the unaided eye to judge
their performance. The stroboscope is
an impressive sales tool. Used at shows,
exhibitions, salesmen's meetings it com
mands attention - drives home sales
points dramatically.

POWER ENGINEERING

The behavior of machines and gov
ernors under sudden fluctuations in
load can be observed. The stroboscope
yields information as to hunting, speed
of governor response, vibration, and
starting characteristics. The phase of
the light does not shift even with wide
changes in frequency or voltage, and
the supply line voltage can be used as a
phase reference in making such studies
on alternating-current machines.

EDUCATION

Modern education, particularly mod
ern engineering education, explores in
some degree all of the applications men
tioned above, but the application of the
stroboscope in the educational field
only begins with them. Principles can
be illustrated, phenomena observed, in
the fields of mechanics, electricity,
sound, and light.
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THE EDGERTON STROBOSCOPE
(GENERAL RADIO TYPE 548-A)
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TilE EDGERTON STROBOSCOPE

Space is provided in the cover for the lamp

THE essential stroboscope require
ment of a short and brillian t light

flash is met in the Edgerton stroboscope
by a high-intensity mercury arc lasting
but Jive microseconds-sufficient time
for an object traveling a mile per min
ute to move only 0.005 inch. The flash
speed can be controlled accurately over
the entire range ordinarily required and
fundamental synchronism can be ob
tained up to speeds of 10,000 r.p.m.

This short, brilliant Bash is obtained
by discharging a capacitor across a
mercury-arc tube which has the form of
an inverted "U" with internal elec
trodes of mercury, anode and cathode,
at its lower extremities.

Provision is made in the Edgerton
stroboscope for Bashing the light in
exact synchronism with the closing of a
pair of electrical contacts, by the 60
cycle supply mains (60 Bashes per sec
ond), or by any external source of alter
nating current. The maximum speed of
operation of the present equipment,

which is limited by the regulation of
the rectifier unit, is in excess of 150
flashes per seconrt, so that fundamental
synchronism may be obtained at all
speeds from zero up to at least 10,000
r.p.m., while perfect synchronism of
the second or third order will double or
treble this limit.

All parts of the stroboscope equip
ment, except the lamp and the tripping
contacts, are built into a metal cabinet
which constitutes the TYPE 548-A
Power Supply. This is energized di
rectly from 1l0-volt, 60-cycle mains
and consumes a maximum power of
about 0.25 kilowatt. Only three adjust
able controls are required: the size of
the lamp capacitor, a rheostat for con·
trolling the intensity of the flashing
voltage, and an adjustable speed con
tactor (if used). The cover of the cab
inet is designed to store the detachable
mercury-arc lamp, which ib mounted in
a suitable bakelite housing, and a syn
chronous-motor friction-driven vari-
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TIMING THE FLASH

Precise and controllable timing of the flash is
the essence of the stroboscope. The contactor
seen consists of a constant speed synchronous
motor driving a revolving commutator which
makes a contact once each revolution. The
flash speed is varied by sliding the driven
wheel aloqg the rack. This timer is generally
used for viewing machinery in slow moton,
studying vibration, hunting, relay action, etc.
The position in the cycle of motion at which
the flash occurs is adjusted by revolving the
contactor head. Effective demonstration - a
newspaper clipping on the end of a shaft can
be stopped by the light and turned to the
proper position for reading by the phaser.
Newsprint is easily read while revolving 1800

turns a minute

able-speed contactor, TYPE 549·A,
which is optional and sold separately.
This contactor has a continuously ad
justable range of operation from 5 to 30
flashes per second. While this gives
fundamental synchronism for 300 to
1800 r.p.m., it may,of course, be used at
perfect synchronisms for higher speeds.
For any adjustment, the timing of this
contactor is very precise and depend
ent only upon the frequency precision

of the supply mains. The phase of the
contacts may be adjusted at will by ro
tating the head of the contactor. If de
sired, the contactor mechanism may be
detached from the motor drive and
used, in the manner of a tachometer,
against any centered, rotating shaft.
This insures, of course, that the con
tacts will be operated in exact syn
chronism with the rotation of the
shaft.

The method by which the short, bril
liant Bash is obtained in the Edgerton
stroboscope may be analyzed with ref
erence to the schematic wiring diagram.

FOR SPEED MEASUREMENT

The disc was photographed under stroboscopic
light at 1800 r.p.m. (fundamental synchronism).
At this speed, all of the rings of squares are
stopped. It will be observed that each ring has
a different number of squares. As the motor
speed changes (flash speed constant) different
rows of squares will be stopped. A relation
exists between the flash speed and motor speed
which is signified hy the number of squares
in the stationary row (see stroboscope arith·

metic, page 3)
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USING THE EDGERTON STROBOSCOPE IN AUTOMOTIVE
RESEARCH

7

Chrysler engineers measure crankshaft whip and vibration with the Edgerton
Stroboscope. For an interesting description of the method, see page 75 of
Instruments for April, 1933. Reprints can be had from General Radio Company

without charge
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Wiring diagram of TYPE 548·A Edgerton Stroboscope
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The main operating limits of the stroboscope and its accessories are sum
marized below.
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Price

$290.00
55.00
25.00

MAGIC

MACAW

MADAM

Code Word

Power supply required: 50-60 cycle, 110·
115 volt, 250 watt.

Dimensions: 8Yz x 15Yz x 24 inches.

Weight: Without contactor-56 Ibs.
With contactor -66 Ibs.

TYPE 548-A EDGERTON STROBOSCOPE

I
Edgerton Stroboscope (including lamp)I
~:~:~~:rous ~otor, C,ontactor , : : : : :

Type

548-A
549-A
549-PI

Length of flash: 5-10 microseconds.

Maximum flashing speed: 180 flashes per
second. (Permitting fundamental synchronism
up to 10,000 r.p.m.). Maximum photographic
speed, with TYPE 408 camera, 60 exposures per
second.

Performance of TYPE 549-A Synchronous Motor Contactor :

Maximum flashing speed: 30 flashes per Minimum flashing speed: 5 flashes per
second. (Corresponding to fundamental syn· second.
chronisms at 1800 r.p.m.).

GREATER
NEW LARGE

FOR
SIZE STROBOSCOPE

ILL U MIN A T I ON

The TYPE 521-A Edgerton Stroboscope for service requiring greater illumi
nation than the smaller standard model can deliver. Data and prices on re
quest.

GENERAL RADIO COMPANY
30 State Street Cambridge A, Massachusetts


