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SENSITIVITY MEASUREMENTS AND PERFORMANCE
TESTS ON RADIO RECEIVERS IN PRODUCTION(

A Discussion of the Test Methods Used in Building the Victor Radio Sets

By N. E. WUNDERLICH and W. R. DOHAN*

HEN quantity production of

A / radio receivers began, it was
soon found that quantity pro-
*duction methods were equally
necessary in receiver testing. Opera-
tional tests depending upon the opera-

tor’s ‘judgment were found to be:-in-

compatible with high speed production,

and high quality of the product. It

is-a-great economic waste to place de-
fective parts in ‘any- assembly, and to
aveid  this, a comprehensive testing
procedure for all parts is neeessary.
Although- this' field presents many
faets “of ‘interest, 'the limita

- thie i :

of ‘the completed receivers.

The three - principal

ity, -selectivity and sensitivity. The-fi-
delity -and selectivity are chiefly fune-
tions of the design, and if the normal
iyity is obtained, the “sele
will be close to type. The fidel
hecked by -gain runs on:
audio applifiers. ‘
In the searehr for a suitable quantity
production test, the natural develop-
ment was along the lines of laboratory
procedure. It s le, 1
possible, to use 1
for -receiver testi

Institute . of “Ra ers, . Obvi
ously, it is not I o actually:
measure the sensi microvolts

per meter of each receiver shipped by
the manufacturer, but it is highly de-
sirable to know that -every receiver
shipped has a sensitivity equal to or
better than an arbitrary standard set
by the manufacturer: .~ :
Testing Systems

There are many ‘§ystems which can
be used for receiver tésting, but'they
may be divided into:. two general
classes—those employing local genera-
tion of the test frequencies, and those
¥ Delivered before the Club, November
13, 1929. '

* Engineering Dept., Audio Vision Ap-
pliance Co.; Camden, N. J.

" Copyright 1930, Radio Club of America, Inc.

employing centralized generation and
a transmission line of some descrip-
tion to each test position. Figs. 1
and 2 show outlines of the system ele-
ments for each class.

A third class might be mentioned
in ‘which the sensitivity of the receiver

} Power Line

L performance.
characteristics of a receiver are: fidel-
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Fig. 1. Local generation system of
receiver testing.

under test is compared to a standard
receiver by switching the antenna. It
is-open to the objection that the signal
input is not constant from minute to
minute, and that the standard does not
remain -at the same sensitivity level.
It may be- regarded as a link between
the plain operational test and the

" ‘measurement system to be described.

. ‘Centralized generation systems may
attenuate to the desired signal level
at the generator, or at each test posi-
tion, depending on the performance de-
sired, as indicated in Fig. 2. For
accurate measurement of each set,
attenuation must be local but a single
passing mark may readily be set by &
central attenuator.

Using local attenuation, the trans-
mission line may be used to feed the
grid of a coupling tube placed at each
position. The power level in the line
may then be kept quite low and the
radiation will, therefore, be small.
This system has the disadvantage. of
introducing an-additional variable ele-
ment, the amplification obtained from
the coupling tube and -thus rendering
the calibration of the test position less
permanent. :

3

If it is desired to align the sets at
the test position, the attenuation must,
of course, be under the control of the
testing operator. The problems con-
nected with this system are much more
difficult as the transmission lines must
operate at a very high level in order
to have sufficient voltage available for
alignment purposes.

The problems of local generation
and attenuation are principally those
of keeping the frequency and output
of ‘all generators the same. The prob-
lem of frequency is especially impor-
tant if the generator is used for align-
ment as well as testing. It may be
solved by using a centralized source
of high frequency for synchronizing
purposes, or as a standard against
which to match the generator fre-
quency by the method of zero beat.
The use of a portable reference stand-
ard is much more practical, however,
and avoids entirely the transmission
line problem. In this connection, the
oscillator must have a reasonable fre-
quency stability so that, once set, it
will operate very close to the correct
frequency for a considerable period.
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Fig. 2. Generalized central genera-
tion' system of receiver testing.
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The use of individual generator fre-
quency stability by means of crystal
oscillators would be an ideal solution
but the cost would be very high for
the necessary crystals.

The question of standardization of
. the attenuator output is, of course,
present in both systems, but the cen-
tralized system gives the advantage
that all test positions vary alike, so
that once a calibration of the test posi-
tion is made, it remains accurate as
long as the master generator gives the
correct output voltage.

The most direct method of calibra-
ting an attenuator is by comparison
with a portable signal generator
whose output and percentage of modu-
lation may be accurately determined
and then maintained -constant. The
radio receiver then operates as a-volt-
meter, and the calibration is indepen-
dent of line voltage, tubes, receiver
constants, tuning, etc.  The main ob-
jection is the amount of time neeces-

Panel view of one of the radio-
frequency attenuators.

sary to calibrate a -position. This
objection is entirely overcome if the
calibration is semi-permanent as in a
central -generation-local attenuation
system.

Alternative methods are those using
a radio receiver. carried from position
to position. These methods may be
divided into two classes, those using a
standard production receiver and those
using a special receiver of some Kkind.
In the construction of these special re-
ceivers the number of tuned circuits
is usually reduced, and an excessive
amount of audio amplification is often
used in an effort to reduce changes
in the overall amplification due to re-
generation in the radio-frequency
amplifier. A particularly interesting
example of this tendency is a set con-
sisting of but one tuned circuit of very
low resistance, and a bias vacuum tube
voltmeter. The tuned circuit gives a
. gain of about one hundred times, so
that a voltmeter which would indi-
cate one volt could be used to measure

JANUARY,
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Fig. 3. Receiver inspection and

test system.

10,000 microvolts. The device can be
used to -check the attenuators on one
of .the higher multiplier taps. All of
the special, or standard set methods
are open to the objection that the
amplification varies with line voltage,
time, humidity, temperature, rough
handling, and many other variables,
but the calibration checks may be car-
ried out much faster and with less
interruption to production.

A-F. Output Tests

Measurement of the audio-frequency
power output of the receiver is quite
simple, but.some methods have con-
siderable advantage over others. The
vacuum tube voltmeter at once sug-
gests itself. It is especially desirable
for systems combining alignment and
test because a grid leak and condenser
voltmeter may be built to saturate at
a certain level and. thus protect itself
against overload. The disadvantage of
changing calibration, as the tube ages,

. or the operating voltages change, and

the relative complexity compared to
other systems, have restricted its use.

The thermal meter is a practical so-
lution where test only is contemplated,
but & thermal instrument is not rugged
enough when alignment is combined
with the test operation.

Rectifier systems of some sort are
usually very rugged and hold calibra-
tions for quitée some time. Contact
rectifiers are superior to crystals as
the calibration is more permanent.

Full-wave - rectifiers are to be ‘pre-
ferred, and if the type ordmamly" sup-
plied for trickle charging is used it
can hardly be injured by the
output of the receiver, T
used to read the rectified
stand a tremendous overloa
the combination is a very g}
suitable for aligning an
with reasonable permane;
bration.

Contact rectifiers for meter]
poses - have recéntly been . max
able commercidally, and: a. coﬁm te

meter containing a miniature. rectifier

has also been placed on the- ‘market.
Both. devices have proved satlsfactory
as output meters.’ '

In the particular system. to be de-
scribed, as shown in Fig. 3 the re-
ceivers from the producti(m line pass
through visual and continuity tests
and then to the neutralizing operators.
The continuity panels present nothing
of special interest, but several: points
in the neutralizing technique. deserve
mention. By laboratory test, it was
determined that the receiver possessed
the best sensitivity characterlstlc when
the neutralizing condenser in the first
three stages was-set to a eertain value,
and that in the. fourth stage to. a
slightly lower value. The method of
neutralizing is the ordinary procedure
of applying a voltage to the input-of
the receiver and adjusting the neutral-
izing condenser of one stage which: con-
tains a dummy tube until minimum
output. is obtained. 'Phe departure
from' the -standard practice -consists
in the use of two dummy tubes ad-
justed to different values. A dummy
of lower capacity, painted red for iden-
tification is used to neutralize the last
stage and in this manner, the sets are

. rendered more stable than those neu-

tralized with the higher capacity dum-
mies in all stages. In addition, the
sensitivity characteristic is improved
as previously mentioned. From the
neutralizing positions, the sets pass to
the alignment and sensitivity meas-
urement operations.

Alignment Operation

‘Two methods are at present in use
for the alignment operation and sen-
sitivity test; one using local generation

TR

Fig. 4. Wiring

diagram of
radlo -frequency
test set.

AU
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which Kkas been operating for some
time, and a newer installation using
central generation and local attenua-
tion. The local generation system will
be described first.

Alignment required outputs in the
order of 10,000 to 100,000 microvolts
from the attenuators for the pre-

liminary stages of the process, as no

Top view of one section of the
master generator. .

steps were taken to pre-align the con-

densers. . The passing mark was less -

than 100 microvelts, and therefore,
satisfactory attenuation over a 1,000
to 1 range was required. It was de-
sired to align and test at five fre-
quencies—these were 553 kc,, 711 kc.,
948 ke., 1,264 ke., and 1501 kec. They
are harmonics of 79 ke, so that a
single /79 ke erystal may be used for
frequency-standardization.
Referring: to. Fig, 4, the signal gen-
erators used, consist of an r-f. osecil-
later, .. with. - the voltage .for the
attenuator tapped off a few turns
from the low potential end of the grid
coil. A tap -switeh connects any one
of five semi-fixed econdensers across
the inductance £
series or in:pa
. condensers;-a;

g P :
lel :with: the tuning
le:resistors used
. to-adjust the o tion -amplitude, so

that the attenuator output is héld con-
stant for each of the five frequencies.
The - general  'construction . is - quite
similar to a laboratory generator.

The attenuator is a ladder type
structure with multiplying ratios of
1, 10, 100 and 1,000, and a tapped slide
wire which gives 100 microvolts in:10
microvolt steps. The resistor units are
very small and wound on thin mica
‘cards, reducing the inductance error to

- a minimum, and the entire attenuator
is shielded from the oscillator to pre-
vent direct pickup in the leads. A
dummy antenna of standard constants
is connected in series with the high
terminal of the attenuator output.

A grid current meter is used to in-
dicate the oscillation amplitude. The
oscillator grid current is -approxi-
mately proportional te the oscillation
current- at any frenuency, so five dif-

ferent settings are required for the
five frequencies. A standard set cali-
brated against a master generator is
used to check the output of the at-
tenuator. In this manner, the output
of all generators may be kept the
same.

A 400-cycle audio oscillator supplies
the modulation voltage which is ap-
plied in series with- the r-f. oscillator
plate voltage. Since the oscillator
plate current is changing from zero to
twice the average value, the peak volt-
age required for 309 modulation will
be approximately 309 of the d-c. plate
voltage. This has been checked with
a peak voltmeter and found to be close

“enough for practical work.

The attenuator is separately
shielded, and the attenuator and radio-
frequency oscillator are enclosed in
another shield. The entire assembly is
mounted in a wooden cabinet lined
with copper which makes contact with
the metal front panel, forming a com-
plete shield around the whole unit.
The 110 volt a-c. line contains a filter
to keep the leakage from this.source
low.

Forty-five of these units have been
operating  successfully for seven
months. The total time lost because
of generator breakdown to date was
only 300 man-hours, or 59, of total
man-hours expended. This illustrates
one of the great advantages of the sys-
tem— a breakdown only involves one
unit and the defective unit may be
readily removed to the maintenance
shop where repairing can be done wih
maximum speed and efficiency.

The system also possesses great
flexibility, as the entire test depart-
ment may be moved overnight to a new
location, or slightly rearranged at any
time to suit conditions.

Central Generation and Local
Attenuation

Central generation and local attenu-
ation is the second systém iun use.
Again - the combinati6n of test and
alignment necessitated the choice of
local attenuation. Referring again to
Fig. 2, the attenuator at the generator
is omitted and the lines are operated
at a high level, eliminating the coup-
ling tube. The five test frequencies
were the same as those used in the
local generator system. This system
présents problems which are more in-
teresting than the - local - generation
system, especially the transmission
lines used for conducting the five fre-
quencies to the test positions.

The master generator logically comes
first. In-view of the future expansion
in the number of test positions, a power
output of about 10 watts was -speci-
fied. UV-203A tubes were picked as
being very rugged and reliable, but
they necessitated the use of a high-
voltage power supply. For standardi-
zation purposes, UV-203A tubes were
used for both modulators
amplifiers.

and

The generator itself is built in six
sections, five of which are detachable
units built-in drawer form with plug-
in connections at the rear. Referring
to the circuit diagram, Fig. 5, each of
the five units consists of a UX-210°
crystal oscillator feeding a UV-203A
amplifier. The amplifiers are fed with
modulated plate voltage supplied from
the sixth unit.

The crystal oscillator has two crys-
tal holders in a constant temperature
compartment, with a switch to con-
nect either in the circuit, thus insur-
ing continuous operation. A coupling
coil of the required number of turns is
located at the ground potential region
of the plate coil, and the output is
taken from this coil, using a balanced-
to-ground circuit. The five frequency
units are practically identical except
for differences in circuit constants.
The output may be controlled by
slightly detuning either the crystal
oscillator plate circuit, or the ampli-
fier plate circuit. The current flowing
in these circuits as well as the plate
current of each tube is indicated by
meters on each unit panel.

The bank of modulator tubes is
located in the power supply section.
Four UV-203A tubes function to modu-
late the five r-f. amplifiers, and by
proper adjustments, the percentage

Master oscillator with two of the
drawers removed.
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of modulation is maintained ap-
proximately equal for all the fre-
quencies. The modulator grids are
fed from a step-up transformer work-
ing from a 200-ohm primary. A 400-
ohm potentiometer serves to control
the input to the primary. Grid and

plate meters for the modulators, as »

well as a current transformer and
thermal meter for reading directly the
a-c. component of the plate current
supplied to the amplifiers, are mounted
on the power supply panel. The ther-
mal meter is used to set the modula-
tion to the correct value as determined
by measurement of the modulation
percentage with a peak voltmeter.,

The complete generator has a double
set of shielding, but due to ventilating
requirements and physical limitations,
the shields are not depended upon as
electrical shielding. The entire gen-
erator is enclosed in a double wall
copper screen booth about eight feet
square. A transformer provided with
an electrostatic shield between the
windings, keeps the radio frequency
from leaking out through the power
_ line. The booth is provided with the
usual “ice chest doors” uséd on meas-
urement booths, and is practically
leak-proof. A ventilating fan outside
the booth draws the hot air out
through a large pipe fitted with four
screens, as the booth screening offers
too much resistance to the passage
of air.

At the rear of the master oscillator
are located copper terminal boxes for
the transmission lines. Hach box con-
tains an “H”-type attenuation pad
with a ground at the center of the
shunt arm. The arms of the side
nearest the generator are made vari-
able to control the output over small
ranges. A short cable leads from each
terminal box and connects with the
proper frequency unit. There is no con-
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nection between the generator frame
and the transmission line shielding or
the booth walls, as this was found to
increase the leakage.

At the junction of the transmission
line proper, with the “H” pad are pin-
jack terminals for measuring the line
potential. A suitable thermocouple
and balanced multiplier resistances are
bridged across the line, and the d-c.
voltage of the couple taken off through
chokes to a microammeter on the con-
trol panel. The two arms of the pad
are controlled simultaneously to pre-
serve the balance to ground by means
of an insulated shaft. This control is
adjusted until the reading of the

microammeter indicates that the re-.

quired voltage exists across the line.

The Transmission Lines

The transmission lines are perhaps
the most unusual part of the system.
A total of sixty attenuators, each of
ninety ohms impedance, was indicated

Showing the location of the transmission lines underneath one of the produc-
tion test benches.
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as the probable maximum load. Since
a balanced-to-ground system was to
be employed, this is equivalent to
thirty loads of 180 ohms each, as one
side of each attenuator is grounded
and the other terminal connected to
one side of the transmission lines. Thig
is' equivalent to a 6-ohm load on the
main feeder line. .

By referring to Fig. 6, the general
location of the lines may be seen. The
chief problems involved were the de-
sign of the main feeders to transmit,
with small attenuation, a distance of
about thiry feet at an impedance of
6 ohms, and. the design of branch feed-
ers in which the voltage change along
the lines was small enough to be com-
pensated for by the attenuator adjust-
ments. The radiation and stray leak-
age from the transmission lines had
to be below the level of normal inter-
ference in order not to interfere with
the testing operations. In addition,
the system had to be:designed so that
operation of one attenuator did not
affect the operation of any other unit.

The radiation problem was to be dis-
posed of, at least theoretically, by
using the balanced-to-ground system,
thus eliminating ground current, and
shielding the line in a copper pipe
which was used as the ground. The
conductors were to be placed very close
together, or twisted so that their com-
bined field at points distant from the
system would theoretically be zero.

At first, the use of twisted pair was
tried, both plain and loaded with shunt
capacity, but the loop inductance was
found to be too high to even approach
the 6-obhm impedance required, and
the radio-frequency resistance was
found to be excessive. Twisted
pair has a characteristic impedance
of about 130 ohms and loading with
shunt condenser appears to be imprac-
tical. The loop inductance is about
half a microhenry per foot, which
would require a tremendous shunt ca-
pacity and loading at about two-foot
intervals to obtain the required im-
pedance.

It was recognized at once that some
totally different type of construction
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was necessary, not only to reduce the
resistance, but to lower the character-
istic impedance as well. Considering
the approximate expression for the
characteristic impeddnce of a line

1
ZK = "

it can be seen at once that the induct-
ance must be reduced and the capacity
increased to lower the line impedance.
Obviously, the logical method of de-
creasing the loop inductance is to place
the conductors in closer juxtaposition.
This simultaneously increases the ca-
pacity and further decreases the im-
‘pedance.

At this point, the use of two flat
strip conductors giving a continuous
loading suggested itself and a sample

line was constructed, using six-thou-

sandths paper as dielectric and half-

Pt Al

inech by twenty thousandths strips as
conductors. The whole assembly was
securely taped together. A prelimin-
ary series of measurements at 1264 ke.

The‘inductanc‘e was ;
small to be measure
capacity was approxi'mzit‘é
microfarads per foot.

The impedance
was determined by working the line

into wvarious resistances, “and noting
the ratio-of input to output voltages.
For loads of less resistance than the
line impedance, the output veltage is
the lower; for loads of a higher value
than the line impedance, the voltage is
highest at the load, due to standing
waves. The load resistance giving
unity ratio is then  approximately
equal to the.line impedance.

Paper obviously being an unsuitable
material and the use of mica tape con-
sidered wundesirable because of the
necessity of “fishing” the finished line
through the shielding pipes, varnished
cambric was tried as -an insulating
medium. Measurements were made to
determine the approximate magnitude

of the dielectric loss to be excepted. A

ten-foot section of line was included

in a tuned circuit of known resistance,
and the added resistance determined
by the resistance variation method.
The added resistance was 4.6 ohms;
the series resistance of this line was
negligible (calculation have placed it
as about 0.01 ohm for the whole ten-
foot length.) This is equivalent to a
shunt resistance of approximately
4,750 ohms per foot, and at a one-volt

' line level with 400 feet of line in use,

would give less than 0.1 watt power

loss for the whole system.

Mathematical Treatment

The placing of the two conductors
with the current sheets parallel is
known to give a very favorable ratio
of high-frequency to direct-current re-
sistance. The ratio calculated for this
particular line at 1,500 ke. was 1.72
which gives a radio-frequency resist-
ance of 0.00223 ohm per foot.

The loop inductance of two parallel
strips is given by the formula

L—0004D |&] 1 d

log (b + d + 2 g‘ tan't g — log b]

microhenrys
where D = length of one strip in cen-
timeters ;
b = width of one strip is centi-
meters ;
d = distance between strips in
centimeters.

By tabulating the values of the
various terms for the range of ratios

of é which are of interest, it can

b
easily be seen that the first term be-
comes very small and negative in sign;
and between (—l

b ratios of 0.05 to.0.01,

becomes only about 29 of the third
term. The second term in this range
differs from the last term (log b) by
less than one per cent. Therefore, we
may write approximately

L=0.004 D [ d tan! ] X 0.98 micro-

b
henrys

T

View. of the
coupling ar-
rangement for
the transmisg
sion lines.

QUi

but the value of tan g approaches

the value -1.57 radians very slowly
as the value of the tangent approaches
infinity, so we may write for ratios

of£l

5 less than 0.05.

L=0.0123 D, X g microhenrys

The inductance, therefore, is approxi-
mately proportional to the distance be-
tween strips.

For the capacity between strips, we
may write approximately, neglecting
edge effect,

K XS 108

wd g

where S = the area of one side of one
strip in square centi-
meters ;

= the distance between strips

in centimeters;

K = dielectric constant of in-
sulating strip;

b = width of one strip in cen-
timeters ;

D —1length of one strip in cen-
timeters.

microfarads

let

gThen

KXbXD
36m d
Substituting these values of L and
C in the approximate formula for the
line impedance

Ik — 0.0123D X d
KXbXDXb

T 3%rd

C= X 10°% microfarads.

X 1075
And

_d 14X
ZK—b\/T

The impedance also is thus seen to
be an approximately linear function
of the spacing of the strips for ratios

of % less than 0.05.

Applying these formulas to an actual
line where b was 14-inch and d was
ten-thousandths varnished cambric

with a dielectric constant of about 3.4 °
at high frequencies,

the inductance
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was found to be 0.0075 microhenrys
per foot, the capacity 0.000456 micro-
farads per foot, and the approximate
impedance 4.1 ohms.

Using the more accurate formula,
taking into account the series resist-
ance and shunt conductance, we have

_4Btiel
= \/G el
where R = 0.00223 ohm per foot ;

G = 0.00021 ohm per foot.
gives an impedance of 5.32 ohms. The
actual impedance of the line is even
higher than this figure in practice be-
cause it is impossible to bind the two
strips tightly enough together to ap-
proximate the thickness of the var-
nished cambric dielectric.

The propagation constant is

P=VR®+jol) G+Jwl)

P ="/ 000123 /178° 45’

P =.01109 /89° 22’

P=A + j B=0.0001208 + j 0.01108

The attenuation constant is
A = 0.0001288 napiers per foot.
= 0:001119 ‘db. per foot.
Or approximately 6 db. mile.

A line of this character thus fulfills

the requirement of efficient transmis-
sion, and since the current sheets are
so close together, the radiation is a
minimum.

Voltage Distribution

The second requirement of equality
of voltage at the various points of at-
tachment of the attenuators would
require a line with different impedance
for each section between loads to ap-
proximate the condition. For con-
structional reasons, this was ruled out,
and all sections of the line were con-
structed with the same gpacing after
. a preliminary test at 1264 ke. had
shown that distributed loads, on an
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open circuited 6-ohm line 37 feet long
(approximately the length of each
branch feeder) gave a voltage rise of
only about 309, which could readily
be compensated by the attenuator
adjustments. By shunting about 10
ohms across the open end, a very
uniform voltage distribution can be
obtained.

The actual voltage distribution on
one of the branch feeders with the
attenuators connected, is tabulated
below in terms of percentage of the
initial voltage.

Length - from Origin

0 73”7 146”7 219”7 292"
Frequency Percent of Initial Voltage
553 ke.. 100 100.4 101.8 102.6 1029

711ke.. 100 100.8 103.3 1042 104.5
948 ke.. 100 105.3 110.5 113.0 114.0
1264 ke.. 100 1138 1224 128.6 129.3
1501 ke.. 100 115.8 129.0 136.8 138.4

It will be noticed that at the higher
frequencies, a voltage rise is occuring.
This is due to the fact that the branch
line is not properly terminated, and a
standing wave. exists.

The lines are thus seen to fulfill the
requirements, and at the same time,
keep within the practical limits of
construction.

The one-half inch lines with
varnished cambric tape - insulation
were placed inside of 3,” round copper
pipes. The line then took a position
approximately on a diameter of the
pipe so that the capacity to ground
was small. The pipes were connected
by suitable junction boxes as it was
difficult and undesirable to “fish” the
strips around corners. The entire
piping system was’ securely bonded to-
gether by making the junction boxes
common  to the five frequencies, and
using internal partitions to divide the
boxes into five compartments. . All
pipes were ‘“sweated” into the boxes
and the covers securely screwed in

A close-up view of the five-frequency, crystal controlled, signal generator.
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Fig. 7. Radio-frequency attenuator
and dummy. antenna.
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place so that a completely shielded
system was obtained. -

The attenuators are connected in
pairs across the line with the junc-

tion grounded. Five shielded leads are

brought from each junction box to a
connection box at the rear of each
attenuator, which contain terminals
for the attachment of the attenuator
leads. This construction permits rapid
replacement of the attenuator wunit
should it become defective. The con-
necting leads have a characteristic im-
pedance of about 100 ohms so that the
attenuator impedance of 90 ohms is a
good match.

The Attenuator Unit

The attenuator unit consists of an
aluminum casting divided internally
into nine compartments. Five of these
compartments contain the input sec-
tions of the attenuator for the five test
frequencies. Referring to the circuit
diagram of Fig. 7, these sections con-
sist of 8l-ohm resistors in series-with
10-ohm potentiometers. The sliding
arms of the potentiometers conneect to
the taps of a frequency-seleetor switch
in a sixth compartment. The potenti-
ometers are adjusted with a screw
driver through holes at the rear of the.
attenuator to give the desired input
to the selector .switch contacts.  The
holes are covered by sliding tabs to
keep the shielding as complete as
possible.

The contact arm of the frequency-
selector switch is joined through an
81-ohm resistor to the final attenuation
network. The sections just described
serve as “buffer” sections to réduce the
effect on the line voltage of placing the
multiplier switch on the 100 times tap.

The multiplier is located in the
seventh compartment, and consists of a
network of an 81-ohm and a 10-ohm re-
sistor to give the 10 times tap, and
another network of 81-ohm and 9-ohm
resistor to give the unity tap. The
contact arm of the multiplier switch
connects to one side of a 20-ohm
potentiometer mounted in the eighth

" compartment, which is used as the
final slide wire, giving a fine
adjustment.

In the ninth compartment, the

dummy antenna is located. A double
shielded panel . is used with guide
bushings for the control shafts. All
control shafts are broken by insulated
couplings, eliminating any tendency
for the controls to become ‘“hot.” Due
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to the complete shielding, leakage from
the attenuator is extremely small. The
switches have “ball clicks” as well as
marks engraved on the front panel, as
this has been found to speed up the
testing operation. A celluloid dial is
used for the potentiometer, and the
necessary passing marks
with ink, allowing a change, if neces-
sary, at a later period.

Test Connections

Since the receiver to be tested with
both the foregoing systems was one
distinct unit, and the power pack and
audio amplifier another; one power
pack was installed permanently at
each test position, and the Treceiver
plugged into a connecting female plug
on the testing panel. This panel also
contains a detector plate-current meter,
and the direct-current milliammeter

are made

necting either the speaker or output
voltmeter and dummy load in circuit.
A UY-227 socket is mounted on the
panel. and connected to the amplifier
which operates continuously. This de-
vice keeps the heater of the detector
tube hot and avoids delay.

The line voltage for the entire test-

ing system is maintained constant with.

an automatic induction regulator, and
very little trouble is experienced from
this ‘source, as all loads are continu-
ously in circuit. Any change in the
primary current due to removing a
radio set from the power pack circuit
is quite small.

Tubes are the chief variable element
remaining. All tubes are checked at
least twice daily, and in addition, com-
pensation for tubes below the average
is made by changing the passing mark

slightly. The spot check on sensitivity .

that a close control of the produet is
possible.

At present, twenty positions are in
service and the system is operating
very satisfactorily. The leakage is of
the same order of magnitude as that
from a laboratory signal generator,
and the testing operation has been
speeded up slightly. The great ad-
vantage of frequency stability and the
smaller number of checks required on
the test position are noteworthy fea-
tures of the system.
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New Members

. DWIN H. ARMSTRONG, direc-
| - tor and past President of the
Radio Club of America, was

among those
honorary degrees at the convoeation

who received

which celebrated the 175th anniver-

sary of the founding of Columbia Uni-
versity, on-Oectober 31st.

In conferring the degree of Doctor
of ‘Science, Dr. Butler said:

“Edwm ‘Howard - Armstrong, E. E.,
4 io Engineer—Ingenious and
4n-seientific diseovery and in
new ways to make easier and
more effective communication between

men, * % ok

John A. King, Jr.
W. D. Loughlin.
Walter J. Roche.

Harry S. Johnson.

Elmer O. Thompson
A. A. Van Orsdale.

The six new members elected at the
November 26 meeting were: ;

A. W. Saunders is now with Elec-
trical Research Products, at 250 W.
57th Street, New York, N. Y.
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Flawless TONE

results from these technical features

/

PACENT

Super Phonovox

v © 1 D2

Slightly Higher West of the Rockies

I HE Super Phonovox has extreme sensitivity thru the use of English 36%
Cobalt Magnets. It is free from troublesome rubber bearings and the balanced
tone arm insures correct needle pressure. Now equipped with new combination
switch and volume control and adapter for screen grid tubes at no extra cost. Two
new low impedance models available.

The Pacent Phonograph motor is
induction-type —no brushes, no
commutators, no sparking. Insu-
lated against noise throughout.
Dynamically balanced rotor elimi-
nates vibration. Phosphor bronze
bearings and die-cast frame. Oper-
ates on 110 volts, 50 or 60 cycles
A. C.

List Price $2 5 QQ

Slightly Higher West of the Rockies

‘PACENT ELECTRIC CO,, Inc., 91 Seventh Avenue, New York

Pioneers in Radio and Electric Reproduction for Over 20 Years

Manufacturing Licensee for Great Britain and Ireland: Igranic Electric Co., Ltd., Bedford, England
Licensee for Canada: White Radio Limited, Hamilton, Ont.
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CONTINENTAL RADID

_CORPORATION

THE SYMBOL orn};sav;cz i 160 VARI CK ST-, . NEW YORK, N Y.

RVICES ARE AT
'COMMAND

&g
oy

The pioneeﬁr_ house of Continental is glad to place its
extensive me: | ing facilities at the command of the
buyers, engineers, and other members of the Radio Club
gh this dependable service, built up
f steady growth, Continental is able to

bers to reliable dealers in their districts
ecuring such radio materials and mer-

Ofdealers in your vicinity and any other
on you may desire will be cheerfully supplied

Continental Radio Corporation
160 Varick Street New York City
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Amy, Aceves & King, Inc.
55 West 42nd Street
New York City

Consulting Engineers, Specializing in Radio

Research, development and design on radio receivers,
tuning systems, amplifiers, transformers,

rectifiers, etc.

Specifications for radio telegraph and

telephone transmitting equipment.

Well-equipped laboratory facilities for testing,

research and development.

Investigation and analysis of

special radio problems.

Research in acoustics, television, talking pictures

and other arts closely allied to radio.
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