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Units of Electrical Transmission

By J. W. HORTON, Chief Engineer

The communication engineer, al-
though he deals generally with very
small amounts of energy, is fre-
quently concerned with ratios of
energy having enormous magnitudes.
The ratios between the rates of
energy flow in different parts of a
communication system, if expressed
numerically, may be quite as impres-
sive as the figures used by the
power engineer. As an example the
power delivered by an ordinary tele-
phone transmitter is of the order of
0.01 watt. This may be used to
control the output of a 100-kilowatt
radio transmitter, in which case the
ratio of the powers at the two ends
of the system is ten million. Again
it is quite possible for the energy de-
livered to its loud-speaker by a mod-
ern radio receiver to exceed the
energy delivered by the antenna by
one hundred million to one.

Because of the relations between
the quantities involved the com-
munication engineer finds it desir-
able in describing the efficiency of
his apparatus to adopt a method
differing markedly from that used
by the power engineer. Until re-
cently this method was to compare
the performance of any piece of ap-
paratus to that length of standard
telephone cable which changed the
amount of power delivered by the
same ratio.

In making this comparison two
factors must be taken into account,
first the energy dissipation — or at-

tenuation — within the apparatus,
and second, the ability of the ap-
paratus to receive and deliver energy
across the junctions between it and
associated circuits. To describe the
performance of any apparatus,
therefore, it is customary to com-
sider the power which would be re-
ceived by a given load circuit from
a given generator circuit when they
are connected directly together and
the power received when the appar-
atus in question is included between
them.

In the case of a length of stand-
ard cable it was assumed that the
generator and receiver circuits were

both long lengths of similar cable so

that the only loss due to introducing
the reference length was the dissipa-
tion within the reference length.
Under these conditions the actual
loss in a real cable when the current
flowing has a frequency of 800
cycles per second is given by the ex-
pression:

P,/P,==e"218L (1)
where e is the base of Napierian
logarithms and I. is the length of
the cable in miles. From this the
number of miles of standard cable
which, when connected into a long
length of similar cable, changes the
amount of power received by the
ratio P,/P, is:

L=4.587 log e P,/P, (2)

From the change in received power
occurring when any piece of ap-

paratus is introduced between given
generator and receiver circuits the
attenuation, or gain, of the ap-
paratus expressed in equivalent miles
of standard cable is given by the
above formula.

One consequence of expressing
performance in this way is that the
over-all value for a system is com-
puted by adding together the values
expressing the performance of the
several parts. This differs from
the practice of the power engineer
who multiplies together the per-
centage efficiencies of his compo-
nents.

_The above method of expressing
the transmission efficiency of a piece
of apparatus as some function of
the logarithm of a power ratio has
two decided advantages for the
communication engineer. In the first
place it fits in conveniently with his
transmission formule, of which (1)
given above is a typical example. In
the second place it is most conven-
ient when used in connection with the
sensation of loudness, which also fol-
lows a logarithmic law. This lat-
ter fact can be demonstrated by
determining the amounts of energy
required to give a series of sounds
differing by apparently equal in-
tensity intervals. If these amounts
of energy are compared it will be
found that successive values bear a
fixed ratio to one another.
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In spite of its convenient logarith-
mic character the “mile of standard
cable” or “800-cycle mile” has cer-
tain disadvantages. First, it is as-
sociated with an arbitrarily selected
physical cable and is significant only
for currents having a frequency of
800 Second, it

when used in mathematical computa-

cycles. requires,
tions, the use of an arbitrary con-
stant based on the physical cable.
Because of these disadvantages an
effort has been made to standardize
a new unit which will be of greater
Several such units have
been proposed.

simplicity.
In Europe a unit
known as 3l has been employed for
Here the
units is given directly by the natural
logarithm of the current ratio. In
America the unit which has come

some time. number of

into general use is such that the
number of units is ten times the
logarithm to the base 10 of the pow-

er ratio. That is,
P, I,
N=10 log—=20 log—.
P, L

The European method is probably
more convenient from the standpoint
of mathematical computations. How-
ever, the use of one additional con-
version factor is undoubtedly less
confusing to the mathematicians
than would be the use of natural
logarithms to the relatively larger
An
immediate advantage of using the
logarithm to the base 10 appears
when it is recognized that the num-
ber of transmission units may be

number of practical engineers.

computed from the power ratio by
the means of an ordinary slide rule
or may be looked up in the nearest
table of logarithms.

The use of the various units and
their relative merits have been dis-
cussed at International Communi-
cations Conferences and it has been
agreed that both shall be retained.
The unit based on the logarithm to
the base ten of the power ratio has
for some time been known as the
transmission unit ('T'U) for want of
At the last
meeting of the International Com-

a more definite title.

munications Conference, however,

__this unit has been given the name

decibell. 'The nominal unit is such
that the number of units is the loga-
rithm to the base 10 of the power
ratio. This has been done in order
that the two units—the @1 and the
Bell-—should be approximately alike
in magnitude. The so-called prac-
tical unit will, however, be the deci-
bell, which, since the number of
units is 10 times the logarithm of
the current ratio, is obviously one-
tenth the size of the nominal unit.
It has been decreed that the mnew
unit shall be abbreviated as “db”.
It was originally intended that
transmission units should be used in
referring to the performance of ap-
paratus, that is, to the gain or to the
loss resulting when the apparatus
was employed. Since, however, the
unit is based on power ratios it is
only natural that it has come to be
used for expressing amounts of
power. This is frequently
done by selecting, arbitrarily, some
amount of power as a “reference
level” and describing other amounts
of power as being so many transmis-
sion units above or below this refer-
It must be emphasized

most

ence level.
that a power level expressed in this
way can have no significance unless
the reference power is specified.
There may be as many reference
points as there are systems for elec-
trical communication. In telephone
lines for example the standard out-
put of a repeater is spoken of as
“zero level” and the rate of energy
flow at other parts of the system is
thus referred to this level. In high
quality broadecast transmission a
power level of 0.006 watts has been
arbitrarily chosen as zero level.
Thus when we say that an amplifier
is capable of delivering a “plus 10
db level” we mean that it is capable
of delivering 0.06 watts.
of transmission units in describing

The use

power levels emphasizes the advan-
tage of using a logarithmic unit in
connection with such phenomena as
hearing which itself follows a loga-

rithmic law. 'The practice should,

however, not be carried to the point
where the reference power level is
lost sight of.

Johns Hopkins Graduate
Joins Engineering Staff

On December 1 we welcomed to
our engineering staff Arthur E.
Thiessen, a graduate of the Class of
1926 of Johns Hopkins University.
Mr. Thiessen’s undergraduate the-
sis was on the subject of magnetic
alloys. For the past two and a half
vears he has been with the Bell Tele-
phone Laboratories in New York
City, working largely on apparatus
for high speed cables.

As is true with most of our en-
gineering staff, Mr. Thiessen is a
former amateur. Pre-war amateurs
on the Pacific Coast will undoubtedly
recall Mr. Thiessen’s spark trans-
mitter at Portland, Oregon.

Dr. Hull Returns to Boonton

Since his return from Europe,
where he attended the U. R. S. L.
Conference, Dr. Lewis M. Hull has
assumed the direction of the techni-
cal work of the Aircraft Radio
Division of Radio Frequency Lab-
oratories. He is, therefore,
making his headquarters at Boon-
ton, New Jersey. Dr. Hull will be
associated with our Engineering De-
partment only in a consulting ca-
pacity. His work and interests have

now

been principally in the line of radio-
frequency measurements.
contributions along these lines is the
Type 403 Standard-Signal Genera-
tor.

One of his

TELEVISION

We have received many inquiries
as to whether we were contemplating
putting out any television appara-
tus. The answer has been uniformly
“No”. The reason? Read “The
0Old Man’s” article on this subject
on page 24 of the January issue of
“Q. 8. T.”

summaries of the subject we have yet

This is one of the best

seen.
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How and Why the Talkies

By HORATIO W. LAMSON, Engineering Department

In the December issue of the EX-
PERIMENTER outlined the
general problems of the talking

we

movies and discussed in some detail
the wax dise method of recording
and reproducing synchronized
sound. We now propose to consider
the optical method whereby a photo-
graphic record, corresponding to
the fluctuating sound impulses, is
obtained upon a film in the studio
and subsequently reproduced as
sound in the theater.

There are two fundamental forms
which such a film record may take.
The one most commonly employed

has

and an intensity or “density” which

a constant transverse width

varies from point to point along the
film in accordance with the frequency
and amplitude fluctuations of the
corresponding sound waves. Such a
record is shaded in appearance and
similar in character to a photo-
graph of a heavily banded light
spectrum. It may be obtained by
varying the intensity of the light
source, either directly or indirect-
ly, or by changing the effective width
of the narrow slit opening through
which the film is exposed. In either
case the density across the record
is constant at any given point along
the film, giving thus the characteris-
tic banded effect.

On the other hand, in the second
type of record, a constant source of
illumination is employed, while the
electrical impulses corresponding to
the sound waves operate a mechan-
ism that serves to vary the relative
amount of the transverse slit which
is illuminated at any given instant.
This produces a black-and-white
non-shaded record having a fine saw-
tooth appearance.

There are three distinet methods
of optical recording which may be
deseribed here, all of which are fun-

Part Two

damentally adapted to produce a
banded type of record.

The first makes use of the neon or
similar type of glow lamp which is
so well known in the art of television.
The intensity of the light emitted
by such a lamp can be varied rapid-
ly and easily by a fluctuating volt-
age applied to it. If, now, our film
is driven uniformly along behind a
narrow transverse slit which is illu-
minated on the opposite side by such
a lamp, we have the means of pro-
ducing a banded film record corre-
sponding to the variations of the
sound waves picked up by the studio
microphones.

The second method utilizes a con-
stant source of light and employs an
ingenious device known as a “light-
This consists of two par-
allel duraluminum tapes each six
mils wide and three mils thick. These
are so placed in the optical system
that, when at rest, they form an ef-

valve.”

fective slit which, viewed against the
source of light, presents an opening
two mils wide by one quarter of an
inch long. By means of a high grade
optical system an image of this slit
in the light valve is thrown onto the
the film in the form of a transverse
line of light one-eighth of an inch
long and, normally, only one mil
wide.

The two duraluminum tapes form
an electrical loop circuit and they
are so located in a steady magnetic
field that, when a pulsating current
is passed through them, they move in
opposite directions. In this manner
the effective gap opening between the
tapes, and, hence, the width of the
image line on the film, is varied ac-
cording to the frequency and am-
plitude of the electrical impulses.
Such a modulation of the light gives,
of course, the characteristic banded
record on the moving film. We note

that in this case the time during
which each spot on the film is ex-
posed to a constant light source
varies, while in the other two meth-
ods described cach spot on the film
record is illuminated for the same
time interval by a modulated light
intensity.

It is found desirable in practice
to adjust the tension on the tapes
until they have a natural frequency
of about 7000 cycles per second.
Under this condition a 100 per cent.
modulation of the light, i.e., opening
the valve slit to a maximum of four
mils and just closing it completely
requires about ten milliwatts of pow-
er at the lower audio frequencies and
about 0.1 milliwatt at the natural
frequency of the tapes.

A third method of optical record-
ing utilizes an interesting device
known as the Kerr cell. A beam of
light of constant intensity is passed
first through a Nicol’s prism which
polarizes the beam in a particular
plane. It is then passed through a
narrow gap between two electrodes
and subsequently through a second
Nicol’s prism set at 45 degrees to
the first. The gap between the elec-
trodes in the Kerr cell is filled with
nitro-benzol, a liquid which has the
property of rotating the plane of
polarized light passing through it
when subjected to an electrostatic
field to a degree proportional to the
impressed voltage. Obviously, then,
a modulation of the effective inten-
sity of the light source may be
produced by applying an alternat-
ing potential to the electrodes, so
that, if we employ a fixed transverse
slit against the film, a banded record
will result. The separation. of the
clectrodes and the length of the light
path between them determine the
voltage necessary to produce 100
per cent. modulation, i.e., variation
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between full transmission and total
extinction of the light. As in the
case of the neon lamp, the degree
of modulation of the Kerr cell is es-
sentially independent of frequency,
but in the Kerr cell the degree of
modulation is proportional to a
cosine function of the amplitude
which, obviously, limits the useful-
ness of this device.

In all three methods of optical
recording the nominal effective time
of exposure is about 1/18,000 sec-
ond, corresponding to the nominal
film speed of ninety feet per minute.
This means that modulation of the
record at a frequency of 18,000
cycles or higher would be nil with
an increasingly better modulation as
we go below 18,000 cycles. In the
workable audio range, however, the
modulation is satisfactory, or can
be made so by the use of equalizers.

T'he technique of studio recording
follows along the general lines pre-
viously described. The responses of
the several studio microphones,
properly mixed, are amplified suf-
ficiently to operate whichever type
of recording device is used. In gen-
eral two separate film records are
made, one for the sound and one for
the photography. This permits a dif-
ferent technique of development for
the two films, which is very desirable.
Synchronization is accomplished by
an interlocking electrical drive sys-
tem, which contains mechanical fil-
ters in the drive of the sound film to
maintain a constant and uniform
rate of travel past the exposure slit.

It is customary in both disc or
photographic recording to make two
identical sound records and subse-
quently to choose the better for
printing the released positive films
or preparing the playing records.
The optical sound record, as printed
on the films sent out to the theaters,
takes the form of a strip about one-
eighth of an inch wide along one side
of the picture. The picture and the
sound strip are printed separately
on the positive film, the space occu-
pied by one being shielded from the
light while printing the other.

Great must be taken in
selecting both the p_sitive and nega-
tive raw film stock to be used in
sound picture work. Any irregular-
ities in the transparency of the film

care

or emulsion will, of course, generate
unwelcome “background” noises in
the final reproduction. While the eye
can barely detect a two per cent.
change in film density sudden irregu-
larities of only one-tenth of one per
cent. will give rise to an audible
background noise.

In reproducing the optical sound
record in the theater we employ an-
other device used in the art of tele-
vision, namely, the photo-electric
cell. When subjected to a steady
polarizing voltage the photo-electric
cell allows a current to flow through
it which is proportional to the in-
tensity of light falling upon the cell.
A narrow transverse slit is inter-
posed between the cell and a constant
source of light. This slit extends
across the portion of the film carry-
ing the sound record so that the in-
tensity of the light passing at any
instant into the photo-electric cell
depends either upon the relative
density of the banded film back of
the slit or upon the width of the
‘“cut-off” portion of the saw-tooth
film record at the point in question.

Thus if the film is drawn uniform-
ly at the original speed across the
slit we will obtain a pulsating cur-
rent in the photo-electric cell circuit
which will be a reproduction of the
current in the studio microphones.

When projecting a motion picture
the film is advanced intermittently
at the rate of sixteen “frames” per
second, each frame being stationary
for the brief instant during which
light is passing through it to the
screen. Obviously, then, the synchro-
nized picture and sound record can
not be adjacent on the film. In prac-
tice they are spaced about fifteen
inches apart along the film, thereby
allowing for a “loop” to take up the
intermittent slack between them.
Mechanical filters are used in the
drive to insure an extreme uniform-
ity of motion past the photo-electric
cell slit.

The electrical impulses obtained
from the photo-electric cell are ex-
tremely small in amplitude. A two-
stage resistance-coupled amplifier is
ordinarily necessary to bring them
up to an energy level comparable
with that obtained directly from the
electromagnetic pickup used in the
dise method of reproducing. On ac-

count of the high impedance of the
photo-electric cell circuit, it is de-
sirable to build this amplifier into
the same container which holds the
photo-electric cell. The output of
this amplifier, at low impedance, is
then carried to the fader and, from
this point on, the same speech am-
plifying system used with the disc
method is employed, likewise the
same technique of fader operation,
monitoring, and control of the out-
put panel.

A large proportion of the theaters
in which synchronized sound installa-
tions have been made are equipped
with machines designed for project-
ing either the disc or the film type of
record. They can, therefore, utilize
the standardized product of all pro-
ducers.

A few statistics may be of inter-
est in closing. A number of con-
cerns are now developing and placing
on the market equipment for record-
ing and reproducing sound pictures.
Among them are: the Electrical Re-
search Products, Inc., a subsidiary
of the Western Electric Company,
who use both the disc record (Vita-
phone) and the film record (Movie-
tone) ; the R. C. A. Photophone (a
film record) ; and the General Talk-
ing Pictures Corporation (De Forest
Phonofilm), likewise a film record.

Among the producers using the
E. R. P. L. system are:

Famous
Lasky Corp.

1. Paramount Players

2. Metro-Goldwyn-Mayer, Inc.
3. Warner Brothers.

4. Fox-Case.

5. First National.

6. Universal.
Christie Comedies.
8. Victor.

-3

The following producers are
licensed under the R. C. A. Photo-
phone system:

j i [ L

2. Tiffany-Stahl.
3. Pathe.

4. Mack Sennett.
5. Educational.

In conclusion we wish to acknowl-
edge our indebtedness to the Bell
Laboratories Record for certain
data used in this article.
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By C. T. BURKE, Engineering Department

With this month’s ExpERIMENTER
the General Radio Company an-
nounces a sensitive signal relay. This
instrument, the Type 481 Relay, is
illustrated in Figure 1. A permanent
horseshoe magnet provides the field
and forms a protecting shield about
the coil and reed. The coil is mounted
about midway of the sides of the
magnet and the reed fixed near the
toe. The distance from the center
of the poles to the point where the
reed is secured is 21/ inches. The
contacts with adjusting screws com-
plete the instrument. An unusual
feature of this relay is
the distance between
the pole pieces—0.47
inches. This wide sep-
aration provides a uni-
form field in the region
through which the reed
moves. The effect of
this is to make the ad-
justment of the reed to
the neutral position
less critical.

In operation, the ad-
justing screws, which
determine both the po-
sition of the reed in the
field and its travel, are
adjusted so that the
reed takes up the neu-
tral position in the
field. The location of
the neutral position
will shift somewhat as
a result of an average
current in the coil, and

in the case of high speed signals of
considerable intensity, this shift
may be comparatively large. With
the reed in the neutral position, a
signal (which may for convenience
be supplied by an interrupter) is
impressed on the relay coil. The
contacts of the coil are adjusted so
that the reed strikes evenly without
chatter on either side. This adjust-
ment may be made with a sounder,
but it can be greatly facilitated by
means of a visual type oscillo-

graph.
The minimum operating current of
the Type 481 Re-

lay is one milliam-

pere in the signal circuit, and it will
follow impulses of frequencies as high
as 125 cycles per second. The tung-
sten contact points will break one
ampere without burning.

A relay of this type has many uses
in the laboratory, as well as in the
commercial communications field. The
high sensitivity attained permits the
use of the Type 481 Relay with lit-
tle amplification for the actuation of
chronographs time signals,
signal recorders, or other apparatus
where remote control by means of
radio, carrier or low-frequency cur-
rent impulses is desired. Rectification
is, of course, required where the im-
pulse current is of high frequency.

The mechanical sim-
plicity and ruggedness
of the relay particular-
ly recommend it for
uses where little atten-
tion can be given to the
apparatus,

The operation of the
relay is best illustra-
ted by a few oscillo-
grams. The oscillo-
grams of Figures 1 to
9 were taken on a
string oscillograph, us-
ing the recently devel-
oped double string-
holder which permits
simultaneous  viewing
of the current in both
the coil and the contact

from
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FIGURE 2

circuits. The oscillograms are all ar-
ranged with the coil current at the
top and time proceeding from left
to right. The zero current lines are
at the bottom. The timing lines on
the films mark 0.04-second intervals.
Figure 2 shows the effect of a very
badly adjusted relay. The effects
of chattering and bouncing are very
marked. The relay fails entirely
on many impulses. For contrast,
Figure 3 shows a well adjusted
relay. A firm contact without any
trace of bounce is made on each
throw of the reed. The trace of the
coil current shows plainly the grad-
ual building up due to the inductance
of the coil. The contact current
shows no change until the coil cur-
rent reaches a critical value, then
rises almost at once to its final value.
The effect is to give a sharper signal

on the contact side than on the coil
side. This would not normally hold
true in signal circuits, where the in-
ductance of instruments would slow
down the growth and decay of cur-
rent. Such effects may be minimized
by means of condensers properly
placed. The important fact in con-
nection with the relay is that its ac-
tion is quicker than the normal
growth of current in the circuit. The
impulse on the contact side is slight-
ly longer than that on the coil side,
due to the fact that the contact cur-
rent remains at full value until the
coil current has decayed to critical
value for the relay at this adjust-
ment. The tendency of the contact
to stick closed is plainly shown by
the fact that the current required to
hold the contact closed is less than
that required to close it.

FIGURE 4

FIGURE 5

Figure 4 was made using the other
contact so that an increase in coil
current breaks the contact. A good
relay adjustment with both contacts
working similarly is indicated. The
same gradual growth of current as
occurred in Figure 3 will be observed.
The contact stays open some time
after the coil current drops. This
lag is due to the sum of two effects.
First, the reed does not start to move
until the current drops to the critical
value; and second, the contact is not
made until the reed has traveled from
contact to contact, i. e., the open-cir-
cuit period includes the travel time.

FIGURE 6 (Above)

FIGURE 3
(Left)

FIGURE 8
(Right)
The closed-circuit period, however,
(Figure 3) includes no travel time.
On this particular record the lag is
somewhat excessive, and suggests
that the back contact is not perfect-
ly adjusted, a possibility that other

oscillograms show to be a fact.

Figure 5 was made by allowing
the vibrator on the interrupter to
come gradually to rest. The succes-
sively shorter intervals are interest-
ing in showing how the relay will
respond to short impulses
and ragged waveforms. Nowhere
does the coil current record an im-
pulse not recorded in the contact
circuit.  The slight chattering
caused by irregularities in the coil
current are interesting.

Figures 6 and 7 are for a higher
frequency of signal impulses. Both
oscillograms are for the front or
closed-circuit contact. No chatter-
ing or bouncing is indicated, even
with the relay speeded up.

FIGURE 7

Figure 8 shows the back or open-
circuit contact at high speed. The
bouncing evident here reveals the
faulty adjustment of this contact
which Figure 4 led us to expect.

Figure 9 was made with the front
and back contacts tied together, so
that current flowed when the reed
was in contact with either side. The
open-circuit spaces on this record
represent the time taken by the reed
to travel across the gap. It will be
noted that alternate spaces are com-
paratively large. Comparison with
the other records reveal this to be
due to the faulty adjustment of the
back contact already observed.

The time of transit of the relay
is an important characteristie, since
it has a direct bearing on the speed
of signal which may be followed.
Comparison with the timing lines on
the film which are spaced 0.04 sec-

ond apart shows that the shorter
travel time was about 0.002 second
and the longer about 0.008 second.
The difference in time indicates that
the reed was not exactly in the neu-
tral position, and had a greater re-
storing force on one side.

It is interesting to note that the
shorter time interval corresponds to
a velocity of about 0.02 miles per
hour, and an acceleration of about
20 miles per hour per second, or from
standstill to sixty in three seconds
without using the gears!

The price of the Type 481 Low-
Current Relay is $30.00 net.

Code Word: NOMAD.

Dimensions: 6 x 2 x 1 inches.

Weight: 21/ pounds.

FIGURE 9
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Three-Decade Voltage
Divider

In laboratory procedure it is fre-
quently desirable to subdivide a volt-
age with a greater precision than is
possible using a single-dial type of
divider. This may, of course, be ac-
complished by using two three-decade
resistance boxes of appropriate
ranges joined in series. Such an
arrangement requires the second box
to be set at the “complementary”
reading whenever the first box is
varied, if the total resistance of the
divider is to remain constant, which
at best is a bothersome procedure.
This inconvenience may be eliminated
by operating the dials of the two re-
sistance boxes in pairs but in a re-
sense, arranging the
circuits as shown in Figure 10. Here
the total resistance of the voltage
divider across the input terminals re-
mains constant, while a fraction of
the drop along it is taken off at the
output terminals.

If the resistance dials are progres-
sive decades, the instrument will give
a direct reading of the voltage ratio
in three significant figures. For in-
stance, in Figure 10 the dials are
shown set to give a voltage ratio of
0.888. With this, as with any non-
compensated voltage the
calibration in voltage attenuation is
valid only when no current is drawn
from the output terminals. The at-
tenuation of such a multiple-dial
divider must obviously be given in
voltage ratios, that is, in a linear re-
lation. Calibration in decibels, a
logarithmic relation, is not possible.
However, the attenuation in decibels,
N, may be determined directly from
the voltage ratio, R, by means of the
equation:

N = 20 log,s R

verse and

divider,

FIGURE 10.

TYPE 554 VOLTAGE DIVIDER

It will be noted that this divider
affords one common input and out-
put terminal.

The General Radio Company has
developed such a three-decade voltage
divider known as the Type 554 Volt-
age Divider, which is shown in the
illustration. This has a total resist-
ance of 10,000 ohms subdivided into

9 steps of 1,000 ohms each
9 steps of 100 ohms each
10 steps of 10 ohms each

which enables a convenient direct set-
ting of the voltage ratio from 0.001
to 1.000 in steps of 0.001. By using
an resistance of 90,000
ohms in series with the input termi-
nals of the instrument, the voltage
ratio may be adjusted from 0.0001
to 0.1 in steps of 0.0001, etc.

The Type 554 Voltage Divider is
mounted in a walnut cabinet 22 x
914 x 4 inches and is provided with
a dust cover.

external

The resistance units
are wound to be non-reactive and are
adjusted to a precision of 0.1%.

The net price of this instrument,
assembled with a total resistance of
10,000 ohms, is $175.00.

Other resistance values may be
made to special order.

WIRING DIAGRAM FOR TYPE 554 VOLTAGE DIVIDER

Coils for
Types 389 and 489
Magnetostriction
Oscillators

The General Radio Company has
standardized a series of coils to be
used with either of the Types 389
or 489 Pierce Magnetostriction Os-
cillators. These coils are designed
to be used with 3g-inch nichrome
rods covering the frequency range
from 5,000 to 50,000 cycles. Their
applicability is indicated in the
schedule below.

Coil Frequency —Kilocycles per Second

5§ | 75| 10| 15 | 20 | 30 | 40 | 50
389-A e & X X XXX XXX
389-B X X XXXXXX X X
389-C X XXXXXX X

389-D XXX XXX X

x indicates coil may be used with
rod of this frequency.

xxx indicates best coil for use
at corresponding frequency.

It will be noted that Coils 389-B
and 389-D together cover the entire
range, although not always with
optimum efficiency.

These coil assemblies carry a net
price of $30.00 each.

The Experimenter to
Have a New Editor

Starting with the next issue the
ExpermvexTER will have for its Edi-
tor, John D. Crawford who joined
our Engineering Department on
February 1. He is a graduate of
the Massachusetts Institute of Tech-
nology and for the past two years
has been Assistant Managing Edi-
tor of The Technology Review.
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Measurement of Direct
Capacity

In the design of vacuum-tube cir-

cuits it is sometimes necessary to dis-

tinguish between the capacity as

measured between two tube terminals

and the direct capacity between

the elements. The capacity as meas-
ured between terminals includes the

FIGURE 11

direct capacity plus the capacity to
the third element. Referring to
Figure 11, the measured grid-filament
capacity consists of the capacity
Cer and in addition Cep and CeF in
series, or
Cer Cpr
Cer=Cer-

(Apparent) Cer+-Crr

the symbols indicating direct capaci-
ty except where apparent capacities
are specified. Similar equations may
be written for the capacity between
any pair of terminals, and the direct
capacities may be computed from the
three measured capacities.

The computation may be avoided,
and the direct capacities measured,
by means of a simple modification of
a standard bridge circuit. The third
element is brought to the junction
point of the bridge arms. The bridge
circuit with this connection in place
is shown in Figure 12.

The bridge circuit in the figure is
that of the General Radio Type 383
Bridge, in which the unknown is
shunted across a calibrated variable
capacity, and the circuit balanced
against a fixed capacity before and
after the addition of the unknown.
In Figure 12 it will be seen that the
direct capacity between terminals
(e. g. grid-filament capacity) is

shunted across the standard con-
denser. The grid-plate capacity is
connected across the null indicator,
and does not affect the measurement,
since there is no voltage across it at
balance. The third capacity (plate-
filament) is shunted across one of
the resistance arms of the bridge,
and may be compensated for by the
readjustment of the power-factor
correction condenser. The capacity
as measured with this circuit is,
therefore, the direct capacity be-
tween the elements.

The following figures are illustra-
tive of the values of capacity as
measured by the ordinary method
and the direct capacity.

Between Total Direct
Capacity Capacity
P-G 10.6 mmf. 8.78 mmf.
G-F 6.75 mmf. 5.06 mmf.
F-P 6.4 mmf. 3.71 mmf.

Since the direct measurement is
often needed, the Type 383-A Bridge
will be provided with a terminal for
the connection of the third element
as standard construction.

The change can be made on
bridges previously manufactured at
a cost of $5.00.

The change consists of an addi-
tional terminal so placed that the
three-plug plate supplied with the
bridge will make the connection to
the third element. If the filament
must be kept hot i. e. is connected
to a battery, or a particular termi-
nal must be kept at ground poten-
tial for any other reason, it will be
possible to make connection to the
third bridge terminal by means of
the three plug plate for only one
of the two possible measurements.
A flexible lead may then be used for
connection to the third bridge term-
inal.
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FIGURE 12

CIRCUIT OF THE TYPE 383-A BRIDGE MODI-
FIED FOR MEASURING DIRECT CAPACITY

Characteristic Curves
of Filters

ATTENUATION (0B)

Lk
%.
FIGURE 13

Assume that we have a series of
single-section low-pass filters, having
different values for cut-off frequency
and iterative impedance, but con-
structed with a given type of induct-
ance unit. A single curve may then
be used to represent, with a good
approximation, the attenuation char-
acteristic of any one of these filters,
providing we plot attenuation as
ordinates and the ratio of the cor-
responding frequency to the theoreti-
cal cut-off frequency as abscissae.

Likewise, a single curve may repre-
sent the characteristics of a series
of high-pass filters. This is illus-
trated in the figure which shows
both the low-pass and high-pass
characteristics for a single section of
filter working between a generator
and a load each having the imped-
ance of the filter. The low-pass
sections are of the m-type, consist-
ing of one series (inductive) and two
shunt (capacitive) elements, while
the high-pass sections are of the
T-type, comprising two series (ca-
pacitive) and one shunt (inductive)
elements.

We note that at the theoretical
cut-off frequency either the high-
pass or the low-pass type presents
an attenuation of about 3 decibels.

If a number of identical sections
be joined in series, the attenuation
of the resulting multisection filter at
any frequency will be approximately
that of a single section multiplied
by the number of sections.
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Frequency Determination

O

NE need be only a casual reader of current radio
literature to know that the precision determina-
tion of frequency is a most important engineer-

By JAMES K. CLAPP

of a revolution per hour, and the time required to com-
plete one revolution is 24 hours. Frequency, then, is
determined when the time interval is determined, and,

what is more important, the

ing problem. The growing eco-

= standardization of a time inter-

nomic, political, and social sig-
nificance of all radio channels is
requiring an increasingly pre-
cise distribution of services over
the useful frequencies of the
spectrum, Already the Federal
Radio Commission requires that
the broadcasting station’s car-
rier frequency at the high-fre-
quency end of the band be main-
tained within three parts in
10,000, and one of the constant-
ly-repeated suggestions to the
Commission for the elimination
of all heterodyne interference
would, if put into effect, reduce
that tolerance tenfold. What
is more, the problem is inter-
national,which means that every
radio-using nation must, in ad-

Radio’s

A READER is likely to find the
subject of frequency determina-
tion rather complicated unless he
has an appreciation of the author's |
point of view. This article, although |
complete in itself, is the introduc-
tion for a series which will discuss
the General Radio Company's at-
tack upon the problem of standard-
ization and precise determination of
frequency. In addition to establish-
ing a definite point of view the pres-
ent article is general enough to
enable one to fit into the picture the |
various systems that have been pro-
posed and are now in use.

Mr. Clapp, a member of General
Engineering Department,
was the author (with L. M. Hull) of
the paper on “Secondary Frequency
Standards” appearing in the February

Proceedings of the I. R. E.

val at the same time establishes
a standard of frequency. The
two concepts are practically
synonymous.

Various systems for the stand-
ardizing of a time interval have
been proposed, among them
some based upon the velocity of
propagation of light in space,
but the one generally used de-
pends upon the high degree of
uniformity in the rate of the
earth’s rotation upon its axis.
It is argued that, theoretically
at least, the rate of rotation
can change from the effects of
in the
earth’s moment of inertia, but

friction and variation

| the probable deviation from ab-

dition to using precise methods
of frequency determination, maintain its working stand-
ards of frequency in agreement with those of the others.

It will be helpful to an understanding of what follows
to realize that the precise determination of frequency is,
essentially, the precise determination of a time interval.
For example, the frequency of a commercial power supply
may be 60 cycles per second, and the time required to
complete a cycle is 1/60th of a second ; the frequency of a
clock’s second hand is 1/60th of a revolution per second,
and the time required to complete one revolution is 60
seconds ; the rotational frequency of the earth is 1/24th

solute uniformity is said to be
negligible, even over a period of a thousand centuries.
Granting the possibility of a variation, the fact remains
that the earth is a timekeeper many many times more
reliable than the best man-built clock. The length of
the Solar Day, as determined by the time between suc-
cessive transits of the sun across the meridian of the ob-
server, changes from day to day, and for everyday civil
uses and for all non-astronomical scientific work as well,
the standard interval is the Mean Solar Day, the average
or mean of the length of all the Solar Days in the year.
The second is a 1/86400th part of it.
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Differing somewhat from this is the Sidereal Day which
the astronomer defines as the interval between two succes-
sive transits of a particular “fixed star” across his
meridian. The length of the Mean Solar Day bears an
almost constant ratio to the length of the Sidereal Day
and inasmuch as the former is an average not susceptible
to measurement, all observatories check their clocks
and radio and telegraphic

inherently more steady than others.

Second : there must be provided a means of timing the
working standard for determining its frequency in terms
of the standard time interval, an operation which gener-
ally involves counting the number of cycles completed by
the working standard during the interval. When the
frequency of the working standard is low, the counter

may be a chronograph or a

transmission of time signals synchronous impulse motor
against astronomical deter- CONSTANT and clock train connected
minations of the Sidereal SeseaTon FREQUENCY directly to the standard,
Day. SOURCE but a high-frequency stand-
As has already been r c'ST"""M")—I ard may require an inter-
pointed out, the universal mediate frequency-dividing
?cccptance of the Mean STANDARD i CWVERWL USEFUL linlf before a counting 1.nech‘
Solar Day as the standard TIME Ewm EQUIPMENT| | OUTPUT anism can be conveniently
time interval establishes the INTERVAL operated.
rotational frequency of the The clock-train counter
earth as the primary stand- is used in exactly the same

ard of frequency
(1/86400th of a revolution
per second) in terms of which all other frequencies must
be expressed. But the frequency of this primary stand-
ard is so remote from any of the frequencies encountered
in communications engineering that an intermediate or
working standard is not only desirable but essential. It
is the development of this working standard with a method
of deriving from it all frequencies necessary for useful
purposes that constitutes the so-called frequency deter-
mination problem.

1I

In any general frequency-determination system such
as the one we are discussing here, there are three essen-
tials which are shown graphically in the accompanying
“flow chart” (Figure 1). Each of them presents a dis-
tinet problem.

First: there must be provided a generator whose fre-
quency can be maintained constant for an indefinite
period. “Working standard” is a better name for the
source in a general system than the purely relative terms
“primary” or “secondary” standard. If the timing equip-
ment directly links the source with the astronomical
determination of the Mean Solar Day, the term “second-
ary standard” might be suitable, but if the source were
timed against a clock which was in turn checked against
radio time signals, “tertiary” or some higher order might
be the better descriptive term. Working standard is,
therefore, perfectly general and ineludes:

(1) Pendulums
(2) Tuning forks

(#) Magnetostriction oscillators
(4) Piezo-electric oscillators
(#) Vacuum-tube oscillators of special construction

Any of these may be used as a working standard ; which
one is chosen is entirely a matter of system design. By
careful control each of these may be made to maintain
its frequency with little variation, although some are

FIGURE 1. AN OUTLINE CHART FOR A PERFECTLY GENERAL FRE-
QUENCY-DETERMINATION SYSTEM

manner in the timing equip-
ment as it is in a time-
keeping clock. In the latter it serves to count the number
of impulses of the pendulum (or balance wheel) for com-
parison with the number of impulses counted by a stand-
ard clock in the same interval. The chronograph, as its
name implies, records graphically the impulses from the
working standard and a time standard for comparison.

A working standard of high frequency (100 kilocycles,
for example) could not operate directly an electro-
mechanical counter, and intermediate frequency-dividing
equipment is, therefore, essential. Several such schemes
are in use, but almost all make use of some kind of
generator, the fundamental frequency of which is low
enough to operate the counting mechanism. A harmonic
of the generator is either synchronized with or monitored
against the frequency of the working standard, which is
then known to be an integral multiple of the frequency
driving the counter. Most of the devices mentioned in
the next section are suitable for use as frequency dividers
as well as frequency multipliers.

Third: once a working standard has been set up and
timed against the standard time interval there remains the
problem of deriving from it a sufficient number of useful
frequencies. It cannot be expected to furnish them all,
but enough should be available to make possible accurate
interpolations. This may be accomplished by frequency
multipliers and dividers of several kinds: some are capable
of holding themselves in synchronism and others require
manual monitoring. The list of suitable devices includes:

(1) Mechanical methods

(2) Quiescent harmonic amplifiers

(3) Controlled distorted-wave generators

(a) Relaxation oscillators
(i) Neon tubes
(iz) Multivibrators

(b) Vacuum-tube oscillators

Necessarily limited by size and speed, mechanical
devices are most useful at comparatively low frequencies

(Continued on page })
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A Better Frequency Meter
for the Amateur

Washington Convention of the International

Radio Telegraph Conference went into effect last
January, wavemeters or frequency meters were not the
absolute necessities that they are today. With not-too-
tolerant commercial and military services in adjacent
channels, services that are themselves required to hold
closely to their assigned frequencies, it is little wonder
that increased official emphasis is being laid upon the
necessity of the amateur’s keeping within bounds.

Realizing the necessity for such an instrument, the
General Radio Company last July brought out the Tyre
558 Amateur-Band Wavemeter in which the accuracy of
calibration was 0.25% over all five of the high-frequency
bands. By the use of a tuning condenser designed to
spread the band over the whole 180 degrees of the dial
and by the addition of a specially constructed neon-tube
resonance indicator, an instrument capable of unusually
precise work was provided for the amateur. Later on
the meters were calibrated in frequency instead of wave-
length and the official title was changed to “Amateur-
Band Frequency Meter.”

Many users, inexperienced in making a frequency
measurement upon an oscillator, failed to observe the one
rule that must be followed when the meter circuit contains
a resonance indicator: the coupling between the oscillator
and the meter must be kept very loose. On many low-
powered transmitters loose coupling could not be made to
give an energy transfer sufficient to light the neon indi-
The coupling would then be tightened, but the

BEFORE the amateur bands made necessary by the

cator.

FIGURE 3.
EACH IN-
STRUMENT
ISINDIVIDU-
ALLY CALI-
BRATED

FIGURE 2
THE TYPE
558-P METER
CONTAINS
NO RESO-
NANCE IN-
DICATOR

frequency indicated by the meter might be considerably
in error because of the mutual reaction of the meter cir-
cuit and the oscillator upon each other. The frequency
meter could be made to give precise readings, but it had
to be handled with care.

In order to improve upon the amateur-band frequency
meter and make it easier for the non-professional user to
obtain high precision without in any way affecting its
utility, the resonance indicator has been entirely removed
from the instrument. This requires that some indirect
method of indicating resonance be used, but a number of
methods are available that are extremely sensitive and
leave little to be desired in precision.

The best known of these is the so-called plate-reaction
method. With loose coupling between the oscillator and
the coil of the frequency meter, the plate-current meter
of the oscillator will “kick™ as the frequency-meter circuit
passes  through resonance. With some oscillators the
current will increase, in others it will decrease, but the
kicking point can usually be picked out with little diffi-
culty and with much looser eoupling than would be needed
to operate a neon indicator. It may well be emphasized
that a plate-current meter is not absolutely necessary in
using this method. A flashlight bulb of the proper size
may be used, and, especially when the filament is biased
with an external battery, it is highly sensitive to small
changes in the magnitude of the plate current.

The method recommended for use wherever it is possible
(it always is possible in the amateur station) makes use
of a monitor heterodyne oscillator. Although seemingly
the method is little used outside the college and commer-
cial laboratories it is one that deserves to be better known
among amateurs. (See “Checking Tone and Wavelength
of Transmitters” by James K. Clapp, QST', December,
1926.) Using the fundamental or a harmonic of the
oscillating receiving set as the monitor, to beat with the
fundamental or a harmonic of the transmitter, the fre-

(Continued on page })
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Frequency Determination
(Concluded from page 2)

where they can be made to perform satisfactorily. Most
of them are synchronous motor-driven tone-generator
systems and are capable of being designed to give nearly
any ratio of motor to generator frequency.

The harmonic amplifier is designed to distort the wave-
form of an alternating voltage impressed upon its input,
as a result of which harmonics of the impressed voltage
appear in the output circuit. It h;ﬁhe advantage of
being quiescent ; that is to say, when the applied voltage
is removed, no voltage of any frequency appears in the
output; the only possible output frequencies are, there-
fore, always integral multiples of the applied frequency.
Any non-linear vacuum-tube amplifier is a harmonic
amplifier, at least to a certain extent.

Relaxation oscillators utilize either the *“cut-off” or
the negative resistance characteristics of such devices as
neon tubes, carbon arcs, and the usual forms of vacuum
tubes to sustain oscillations in a circuit comprising a
direct-current source, resistances, and condensers. The
output of such oscillators is rich in harmonics. If a
second oscillation of higher frequency be injected into
the circuit, the relaxation oscillation may assume a fre-

cy which is a sq,bmultlple of the injected frequency.
>‘)‘.All:hough the neon tube is simplest, its control by the
injected voltage is not as stable as that obtained from the
multivibrator. The control of a multivibrator is not
gﬂ"ected by variations in the magnitude or frequency of
the injected voltage or the applied voltages on the tubes
over reasonably wide ranges. This inherent stability of
the system, together with the comparatively large output
it is capable of delivering, makes it an excellent frequency
converter for a multiplying or a dividing system.

By overloading, the output waveform of a vacuum-
tube oscillator may be distorted to produce a relatively
large number of harmonics, so that it may also be operated
as a frequency multiplier or divider, under the control of
an injected voltage; howeyer, the control is less stable
than that obtained in either type of relaxation oscillator
previously mentioned.

The practical importance of the systems outlined above
may be summarized by stating that each is capable of
being operated in such a manner as to derive by frequency
division, from a high-frequency working standard, lower
frequencies which are suitable for operating a counting
mechanism. Further, due to the large number of harmonic
frequencies in the output, it is perfectly feasible to com-
bine the functions of the conversion equipment with those
of the timing system, in a single assembly, by frequency
multiplication.

111
The foregoing outline has necessarily been brief, but it
has emphasized most of the fundamental concepts involved
in frequency measurements. Here it may well be pointed

out again that the system under discussion has been a
perfectly general skeleton upon which the elements of
existing and proposed systems may be draped for easy
classification. Most of the important system elements
have been mentioned for the purpose of showing how they
fit into the complete structure, but for detailed informa-
tion on specific systems, the reader is referred to the
papers and bibliographies appearing in the American and
foreign technical periodicals (the Proceedings of the
I. R. E., in particular).

A Better Frequency Meter

for the Amateur
(Concluded from page 3)

quency meter is next coupled rather loosely to it. As the
frequency meter dial is swung past the frequency of the
transmitter a change in the pitch of the beat note can be
heard in the telephone receivers. The coupling between
the transmitter and the frequency meter is then loosened
until the variation in the beat note becomes almost in-
audible. The setting of the frequency meter at which the
beat note changes in pitch is the frequency of the trans-
mitter. With this method it is possible to check the
meter against standard frequency transmissions from such
a station as WWYV,

This raises the question of the accuracy of the Tyrr
558-P Frequency Meter (the type number for the new
meter without a neon indicator). Its calibration in the
laboratory is made to within 0.25%, but how long that
accuracy can be maintained depends in large measure
upon the treatment that the instrument receives. The
Typr 224 Precision Frequency Meter costing ten times
as much as the Type 558-P Meter is calibrated with the
same accuracy, but it will retain that -calibration
longer and, because of its micrometer scale, be capable
of a more precise setting than the little fellow. The Tyre
558-P Meter is carefully packed before shipment, and,
if it is not roughly handled or subjected to extremes in
temperature, the original calibration should hold closely.
Even the calibration of the precision frequency meters
is guaranteed for only six months; and it follows that
the less sturdy amateur-band frequency meter should be
checked by reference to the standard frequency trans-
missions or returned to the General Radio Company for
recalibration at least that often.

There are five coupling inductors, four of which are
wound on bakelite tubing threaded to insure that the
spacing between turns remains fixed. The 5-meter in-
ductor is a simple loop of heavy brass rod. The Tyre
558-P Frequency Meter is shipped in a strong packing
case, in addition to the storage box supplied with the
instrument. Each one is individually calibrated to with-
in 0.25%.

Its price is $18.00, $2.00 less than the old Tyre 558
Neon-Tube Meter. The code word is WOMAN.
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A New Frequency Standard

By JAMES K. CLAPP

REQUENCY, like other physical quantities, is
r measured by comparing the unknown with a stand-

ard whose value has been established either abso-
lutely or arbitrarily by general agreement. We measure
length with a yardstick, which has been compared by
means of many intermediate “measurements” with the
length of a certain bar recognized as the international
standard. Similarly, we may measure frequency by com-
paring the unknown signal with one from a piezo-electric
oscillator, let us say, which is our standard. If we were
to inquire how the frequency of the standard was deter-
mined, we should probably find that it was purchased from
a manufacturer who compared it with a more accurate
standard which he, in turn, had compared with another,
still more accurate.

THE TWO-STAGE MULTI-
VIBRATOR AND TIMING
AMPLIFIER FOR THE NEW
FREQUENCY -DETERMI-

NATION EQUIPMENT

FIGURE 1. (LEFT)

(RIGHT) FIGURE 2.

It is unnecessary to trace further the frequency stand-
ardizing sequence in order to understand why the Gen-
eral Radio Company is interested in the problem of stand-
ardization and the precise determination of frequency. As
a manufacturer of piezo-electric and magnetostriction os-
cillators and tuned-circuit frequency meters, it is called
upon to supply these instruments calibrated with an in-
creasing degree of precision, largely because of the pres-
sure being exerted upon all radio services to stay within
their assigned channels. Although the laboratory stand-
ard used by General Radio is sufficiently accurate for all
present needs, the possibility that even greater precision
of calibration might be required made desirable a search
for something better.

The requirements for General Radio’s own frequency
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FIGURE 3. AN OUTLINE CHART FOR A PERFECTLY GENERAL
FREQUENCY-DETERMINATION SYSTEM

standard are essentially the same as those for any lab-
oratory that interests itself in the precise measurement
of all frequencies. A few of the most important considera-
tions are:

(1) It must be compact.
mium.

(2) It should be possible to check regularly the fre-
quency of the standard without transporting it to some
other laboratory for comparison.

(3) Means should be provided for obtaining from the
standard a large number of frequencies in all parts of the
communication frequency spectrum. For instance, the
General Radio calibration lab-
oratory is often called upon to =5

Space is usually at a pre-

FIGURE 4. AN OUTLINE CHART FOR THE GENERAL RADIO
COMPANY’S FREQUENCY-DETERMINATION SYSTEM

of which the second is a 1/86,400th part. In any dis-
cussion of frequency measurements, this concept cannot
be overemphasized, for if, by some means, the number
of oscillations of a constant-frequency generator in a
given time be counted, then the frequency or number of
oscillations per second can be determined.

II

In the present system a piezo-electric crystal-controlled
oscillator with a fundamental frequency of very nearly
50 kilocycles is employed as the working standard. This
oscillator drives a step-down
frequency converter of the mul-

measure in succession a wide va-
riety of frequencies: a frequen-
cy meter for short waves, a
piezo-electric crystal for a
broadcasting station monitor,
and the reed of an airplane bea-
con indicator (60 or 70 cycles),  conmeor
for example. l
(4) It should be rugged, re-
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tivibrator type, so that a

voltage having a frequency one-
fiftieth that of the working
standard is available for run-
ning a synchronous-motor-driv-
en clock. Crystal oscillator,
frequency divider, and eclock
operate continuously, and, by
the use of an attachment for

Re$ MuLTIViBRATOR $Re,

liable, and inexpensive, and be
capable of a precision of at least
one part in a million.

Before describing the new frequency determination
equipment, let us refer to the writer’s discussion of a
generalized frequency determination system which ap-
peared in the Exeermmenter for March. There it was
pointed out that any such system must consist of three
basic elements. The principal methods available for use
in each of these were listed and an outline chart of a
general system was drawn up.

This is here reproduced as Figure 3. It shows a work-
ing standard or source of constant frequency, a method
of counting the number of oscillations executed by the
standard over a long time interval, and a method of de-
riving from the working standard, directly or by means of
a simple auxiliary, a sufficient number of useful frequen-
cies.

The article also pointed out that the frequency meas-
urement problem is essentially one of measuring a time
interval and that the standard time interval (and, there-
fore, the standard of frequency) is the Mean Solar Day

FIGURE 5. SCHEMATIC CIRCUIT OF THE MULTIVIBRATOR
AND ITS AMPLIFIER

comparing the clock time with
radio time signals, the average
frequency of the standard can
be determined with a high degree of precision.

Besides driving the clock, the frequency divider furn-
ishes continuously a 10 kilocycle fundamental with har-
monics up to the 300th as well as a one kilocycle funda-
mental which also has a large number of harmonics.
The 1000-cycle signal is available through aJine amplifier
at any point in the laboratory. The equipfsent, there-
fore delivers a large number of frequencies from one
to 3,000 kilocycles, but, what is most important, each
frequency is known with the same precision that the fre-
quency of the working standard is known.

To show how this system fits into the general system
outlined in the ExperimextTer for March, the chart of
Figure 4 has been drawn up. If will be noticed that both
the timing and the conversion of. the working-standard
frequency are provided for by the same multivibrators.

Figure 4 also calls attention to the fact that the radio
time signals used for timing the working standard are

(Concluded on page })
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An Alternating-Current-Operated
Radio-Frequency Oscillator

VERY laboratory has need, at least occasionally,

F for a radio-frequency oscillator. Some time ago
4 the General Radio Company designed and built

its T'yre 884 Oscillator which when equipped with plug-in
coils would cover a wide range of radio frequencies. This
instrument is battery-operated and uses a tube of the 199-

type. Another oscillator of even greater utility is now
announced. It is similar in many ways to the older one,

but it has a considerably greater power output besides
operating from the 110-volt alternating-current supply.
The new equipment is entirely self-contained except for
the plug-in coils. It makes use of a 227-type tube as an
oscillator and a 201-A type tube as a rectifier in the plate-
voltage supply.
former and a smoothing
filter for supplying the fil-

A trans-

aments of the two tubes
and for the plate volt-
age supply of the oscilla-
tor tube are included.
The range,
using the standard Tyre

frequency

384 plug-in coils is from
10 kilocycles to 20,000 kil-
ocycles. Tuning is done
with a straight-line wave-
length variable condenser
having a maximum capaci-
tance of 500 micromicro-
farads, together with an auxiliary 50 micromicrofarad con-
denser for fine adjustment.
densers used and the frequency band covered by each coil,

Knowing the type of con-

some idea ahout the criticalness of tuning for each coil
can be estimated.

"The following table listing the coil ranges is taken from
Catalog E with the wavelength ranges there listed con-
verted into frequency:

Coil Range Price
Type 384-A 20,000-—-10,000 ke. $3.00
Type 384-B 10,000—3750  ke. 3.00
Type 384-C 4,290—1500 k. 3.00
Type 384-D 1,579—522 ke. 3.00
Type 384-E 531—176 ke. 4.00
Type 384-F 176—68 ke. 4.00
Type 384-G 68—25 ke. 5.00
Type 384-H 5—10 ke. 8.50
Type 384-D8 1,500—500 ke. 4.50

The Type 384-D8 coil is a figure-8 coil designed to have a
minimum external field.

A strip mounted on the cabinet top is provided for stor-
ing coils that are not being used.

FIGURE 6. THE TYPE 584 A.C. PORTABLE R. F. OSCILLATOR. COILS
ARE PLUGGED INTO THE FOUR JACKS AT THE RIGHT

The Tyre 584 Oscillator has a provision for injecting
into its plate circuit a modulating voltage from any de-
sired audio-frequency oscillator. A beat-frequency oscil-
lator is suitable for this use.

A milliammeter is provided for indicating the average
It is useful for show-
ing when the tube is oscillating, and, in addition, it may
be used as a reaction indicator in adjusting for reso-
nance. Terminals for connecting a telephone head set
into the circuit at a point of low radio-frequency potential
have been provided.

The whole assembly measures 18 inches X 9-1/4 inches

plate current of the oscillator tube.

X 9-1/4 inches and weighs 22-15 pounds without tubes
Being light in
weight and relatively in-
expensive, it is a handy
addition to the equipment
of any laboratory. It can
be stored on a shelf when
not in use and put into
operation in only a mo-
ment when needed. Tt is
the ideal laboratory heter-
odyne and general-purpose
radio-frequency oscillator.

Price ...... $140.00
Code Word. .0OZONE

or coils.

A Speaker Filter for the
245-Type Tube

THE heavy plate current required by the tubes com-
monly employed in power amplifiers can seriously
damage the winding of a speaker through which it flows.
Some device is, therefore, necessary for isolating the
speaker from the plate circuit of the output tube. Either
a transformer or a so-called speaker filter can be used
for this purpose.

When the reproducer has a high impedance the filter
makes the most economical unit. In general it consists of
a choke coil and condenser combination connected as
shown in Figure 8 reproduced on page 4. For best op-
eration the choke coil should have a high impedance and
the blocking condenser a low impedance at all voice fre-
The lower the frequency, the farther both of
these values depart from the ideal, so that for good low-
frequency response a large choke coil and a large con-
denser are required.

Sometimes a section of the blocking condenser is placed

quencies.
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in cach of the speaker leads. This serves to keep the
high voltage plate supply out of the speaker, but it also
reduces the total condenser capacitance. If a condenser
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FIGURE 7. THE TYPE 587-C SPEAKER FILTER

\

were to be placed in either speaker lead in the example
shown in the diagram each section would need to be of

‘/INQUT SPEAKER
./‘I ?

FIGURE 8. WIRING DIAGRAM FOR THE TYPE 587-C SPEAKER FILTER

ke | |
I

4MF.

eight microfarads in order to have the same total capaci-
tance that the four-microfarad unit now gives. The
single condenser section is, therefore, much more econom-
ical. The choke-coil inductance is 40 henrys with rated
current flowing.

The Tyre 587-C Speaker Filter has been designed-for
use with reproducers having an impedance averaging about
3000 or 4000 ohms. A class which includes almost all of

o -

speakers that are not of the so-called dynamic type.
/t/was built primarily for use with a tube of the 245-type,

and it will withstand without damage the maximum rated
plate current of one of these tubes.

Connections can be made as shown in the diagram or
the low potential terminal of the speaker may be con-
nected to the negative side of the plate voltage supply.
Sometimes regeneration occurs in an amplifier due to
coupling in the common plate supply, but it can usually
be minimized by the use of the alternative connection in
which audio-frequency output currents are kept out of
the B-supply.

SPECIFICATIONS
Maximum current
Choke coil inductance with maximum ecurrent
Direct-current resistance
Blocking condenser

Impedance of choke coil at 25 cycles
Impedance of blocking condenser at 25 cycles

Code Word: FAVOR

85 milliamperes
40 henrys

700 ohms

4 microfarads
6000 ohms
1600 ohms

Price: $8.00

A New Frequency Standard
(Concluded from page 2)

dependent upon astronomical observations made at the
U. S. Naval Observatory.
time signal transmissions from NAA for their accuracy,
and compares them with those from GBR at Rugby,
England, and from FYL at Bordeaux, France. Each
month a report is issued in which the daily error in
transmission is recorded as well as the results of com-

The observatory checks the

parisons with the two above-mentioned foreign stations.
Although the time signal as transmitted from NAA (on
its 113-kilocycle channel) has an average lag from true
time of about 0.05 second, the interval between two suc-
cessive noon-to-noon transmissions is correct to about
0.005 second. That is to say that, on the average, the
24-hour interval defined by the time signals is accurate
to within one part in 13 million.

The clock used in the counting mechanism of the tim-
ing equipment consists of a Type 411 Synchronous Motor
modified by the addition of a shaft carrying a shutter
which makes one revolution per second. A neon lamp op-
erated by a time-signal receiver is mounted behind the
shutter, and with every received time dot the lamp flashes.
By means of a suitable eye-piece, it is possible to com-
pare the clock with the time signal to within 0.005 sec-
ond. This precision is a close approach to the accuracy
of time signal transmission, so that but little further
refinement in the comparing device is needed at present.
If necessary, however, other comparison methods already
tried in our laboratory may be applied to increase the
precision of comparison by at least five times.

Frequency division is accomplished by means of multi-
vibrators, a circuit for which is shown in Figure 5. The
multivibrator is a relaxation oscillator whose frequency
is determined by the value of the condensers, C, and the
resistances, R;. The application of a voltage to the grid
of the tetrode isolation amplifier results in an injection
of a voltage of the same frequency into the multivibrator
circuit, and, for a range of values of C, the fundamental
frequency of the mutivibrator assumes discreet values
that are submultiples of the control frequency and inde-
pendent over that range of C. In this condition, the
frequency of the multivibrator is determined by the fre-
quency of the control voltage.

In the General Radio equipment, the 50-kilocycle work-
ing standard controls a multivibrator having a funda-
mental frequency of 10 kilocycles, and this multivibrator
controls another with a fundamental of one kilocycle.
Each multivibrator is also a source of harmonics of its
fundamental frequency, which explains how this system
can furnish so many useful, accurately determined fre-
quencies for calibration and other comparison work.

A lack of space precludes a more detailed description
of the new frequency-determination equipment, but the
interested reader is referred for more details to a paper
by L. M. Hull and the author appearing in the February
issue of the Proceedings of the I. R. E.
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Permalloy

of nickel and iron having a composition varying

from about 30 per cent nickel and 70 per cent iron,
to 85 per cent nickel and 15 per cent iron. They possess
unusual magnetic properties. The position in the nickel-
iron series of a given alloy is usually designated by a
numeral which, preceding the word permalloy, gives the
percentage of nickel in the composition: thus, 45 perm-
alloy means an alloy con-

1 ERMALLOY is a name given to the series of alloys
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By ARTHUR E. THIESSEN

vary with the mechanical treatment the alloy has received
in preparation. Small amounts of foreign material such
as magnesium, copper, and silicon affect it greatly. How-
ever, 12,000 or 15,000 permeability is not at all excep-
tional at this composition and the addition of a small
percentage of chromium, which helps nearly all of the perm-
alloys, together with proper heat treatment may raise
the initial permeability to the astonishing figure of 100,-

000 or more. In the com-

taining 45 per cent nickel and

55 per cent iron. B

mercial preparation of perm-
alloy, a fractional percent-

Figure 1 shows how the in-

age of manganese is added to

ital permeability of the perm- 12000

alloy series varies with the
11000

aid the malleability and duc-
tility of the alloy which,

{‘—H without it, is quite springy

|

composition. The extreme [z

left of the curve is pure iron . 10000 bracdd =y <2 and bricde.

which has_a permeability of 55 o) Proper heat #reatment .is
T about 2:¥: As the mnickel 4 R —T/—T ~ “important in getting the best

content is increased, the per- 2 00 j | { magnetic properties.  The

meability declines slightly un- 2 usual method is to perform

til 30 per cent nickel is g; 7000 all of the necessary mechan-

reached, when a sharp in- ical operations before heat

crease in noted. This increase 54 6000 =t treating so that it is sub-

reaches a maximum at about )E_ 5000 jected to no undue mechani-

45 per cent nickel, 55 per

cal strain after annealing and
before being put into serv-

cent iron at which composi- 4000
tion the permeability has

ice. The heat treatment,

which is the same for all perm-
alloys, consists of heating

3000
reached 2,000. This value is
maintained until the alloy be- 2000
comes about 70 per cent
P 1000 /

\ the alloy in an air-tight

nickel, where a second sharp

rise occurs which reaches a "\\l/

nickel pot to about 1100 de-
grees Centigrade, holding it

peak at about 80 per cent 0 @ 3 4 50 6 7 8 9% o at this temperature for an
nickel, 20 per cent iron. The PERCENTAGE OF NICKEL hour, and then allowing it to

permeability at this point is

FIGURE 1. THE INITIAL PERMEABILITY OF PERMALLOY

cool very slowly to room

not definitely fixed but may AS A FUNCTION OF THE PERCENTAGE OF NICKEL temperature with the furnace
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in which it was heated. The pot is sometimes sealed with
iron filings, which fuse together before reaching maximum
temperature, at the same time forming an iron oxide with
the air left in the pot. This prevents the residual air
from oxidizing the alloy.

If, after the above heat treatment, the alloy is re-heated to
600 degrees Centigrade and allowed to cool rapidly, the
permeability is found to increase to a still greater value.
Due to certain limiting mechanical considerations, how-

of their transformers, hybrid coils, loading coils, and
sensitive low-current relays. The reasons for these ex-
tended uses in voice-frequency circuits are apparent when
it is considered that a good flux density is required for
a few milliamperes of current available in the windings.

Submarine telegraph cables, when continuously loaded
with permalloy are capable of a transmission speed of
2,000 or more characters per minute as compared with
a maximum speed of less than 250 letters per minute on
the old style un-
loaded cables. The

continuous loading
of submarine cables

S A has so revolution-

RECEIVING

T e e

TN, INSU ized the art of
trans-oceanic teleg-
raphy that a few
words of explana-
tion may be inter-

= esting.

—— T e ————

FIGURE 2. A CONTINUOUSLY-LOADED SUBMARINE CABLE SHOWING DIRECTION OF CURRENT FLOW

ever, this double treating is not always feasible.

L. W. McKechan found the phenomena of magneto-
striction to be closely related to the remarkable magnetic
properties of the permalloys. In 1842 Joule discovered
that a specimen of iron on being magnetized actually in-
creased its physical length along the axis of magnetiza-
tion. Subsequently it was discovered that nickel exhibited
exactly the reverse effect. These changes in physical
dimensions of magnetic materials when placed in a mag-
netic field have been given the name of magnetostriction.

McKeehan, investigating these effects in connection with
permalloy, found that at about 80 permalloy the magneto-
striction became zero. The specimen expanded in a mag-
netic field as its composition became more iron, and con-
tracted when the percentage of nickel became greater than
80 per cent. Thus, as the alloy reaches its point of
maximum permeability its magnetostrictive properties
pass through zero.

A series of experiments conducted at the Bell Telephone
Laboratories seems to show that, in general, the more
permeable an alloy becomes, the smaller is its hysteresis
loss. The hysteresis loss in 80 permalloy is incomparably
smaller than in the best available magnetic iron. For a
very good grade of Norway iron, a loss of 1500 ergs per
cubic centimeter per cycle when measured at a flux density
of 5,000 lines is average, whereas the hysteresis loss in
permalloy at this flux density is only 90, a ratio of 16
to 1.

Because of these remarkable magnetic properties, perm-
alloy has found many uses in radio and allied communi-
cation fields.

The telephone companies make use of the alloys in many

et 5 A submarine ca-
S T ble consists
tially of a heavy-
gauge, single cop-
per conductor sur-
rounded by a one-quarter-inch layer of gutta percha,
steel armor wires, and a layer of saturated hemp, the
whole being about one or one and one-half inches in
diameter.
current.

The capacity of the copper conductor to the sea wa-
ter is very high, bypassing the high frequencies, and mak-
ing the cable, in effect, a low-pass filter with a low cut-
off frequency (some 15 or 20 cycles for the unloaded ca-
bles). A thin layer of permalloy tape about one-eighth
of an inch wide is wound spirally around the copper so
as to make a continuous layer of permalloy between the
cable and the sea water. As may be seen from Figure 2,
the signal current flux then links a core of highly perme-
able material, which raises the inductance of the path to
such a point that the effect of the tremendous capacity
of the cable is counteracted to a great extent.

Except for the direct-current resistance of the cable
which is, of course, fixed, the permalloy loading may be
said to decrease the effective length of the cable by reduc-
ing its electrical capacity. The cut-off frequency of a
1500-mile length of such a loaded cable may be well over
150 cycles.

The 45 permalloy is sometimes used for the cores of
interstage audio transformers because of the high primary
inductance possible with a small number of turns. Since
the inductance of the primary is in direct proportion to
the permeability of the core (other factors remaining
fixed) and since the permeability of 45 permalloy is some
four times that of silicon steel, the advantages are ap-
parent. However, care must be taken in using permalloys

essen-

The sea water provides a return path for the

(Concluded on page })
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Power Transformers for the
245-Type Tubes

HE General Radio Company is about to.place upon

the market two new power transformers for use with
the recently-announced 245-type power amplifier tubes.
One is designed to supply a single tube; the other, to
supply two tubes.

It will be remembered that the 245-type tube has an
undistorted power output rating between that of the 171-
type and the 250-type. With the maximum of 250 volts
on its plate, it is capable of delivering 1600 milliwatts,
which is more than twice that of the 171- and about one-
third that of the 250-type tube. At 250 volts the plate
current is 32 milliamperes when the recommended grid-
biasing voltage of -50 is supplied.

Either alternating or direct current may be used to
heat the filament, which requires 1.5 amperes at 2.5 volts.
This is the same voltage as is needed for the 227-type tube,
so that it is entirely feasible to run the filaments of both
kinds from the same transformer winding.

For the operation of a single 245-type tube, the new
T'yre 545-A Power Transformer has been provided. When
ased with a full-wave rectifier of the 280-type and low
resistance filter choke coils such as are contained in the
I'yee 527-A Rectifier Filter', it will supply the correct
plate and grid-biasing voltages for one 245 tube. The
permissible current drain is over 50 milliamperes, more
‘han sufficient to supply a 227- in addition to the 245-type
ube.

In designing the filament supply windings of the Tyrr
545-A Power Transformer this was kept in mind, and the
2.5 volt winding has a carrying capacity sufficient for one
245 and one 227. In addition there is a 5 volt winding
for the rectifier tube.

When it is necessary to operate two 245-type tubes,
a Tyre 545-B Power Transformer must be used. This
is wound in the same manner as the Tyre 545-A Power
Transformer previously described except that the high
voltage winding has larger current-carrying capacity and
a larger voltage to compensate for the increased voltage
drop in the rectifier tube and in the filter. It will deliver
full rated voltage with a drain of 80 milliamperes, so that
it, too, can be used to handle one 227-type tube in addi-
tion to the two 245-type tubes for which it is rated. To
perform satisfactorily, however, the Tyre 545-B Power
Transformer must be used with a low-resistance filter like
the Tyre 527-A Rectifier Filter.

If for any reason it is desired to use a high resistance
filter—the Tyre 366 Filter Choke®, for instance—the
Tyre 545-B Power Transformer may be used to supply
plate power for a single 245-type tube, since the addi-
tional voltage drop in the higher-resistance chokes is prac-

1The Tyer 527-A Rectifier Filter contains two chokes, each having
a direct-current resistance of 175 ohms.

2The Tyre 836 Filter Choke contains two independent sections, each
having a direct-current resistance of 350 ohms.

tically equal to the increased voltage of the larger trans-
former. Limitations in the ability of the full-wave recti-
fier tube, to withstand higher voltages, however, makes it
impossible to further increase the transformer voltage in
order to compensate for high-resistance chokes when two
tubes are to be used. The only solution of the problem
is to use chokes of lower resistance.

The following summary is presented for ready refer-
ence:

Tyre 545-4 Power Transformer

Supplies grid-biasing and plate voltages for one 227-type
and one 245-type tube using a 280-type full-wave rectifier and
low-resistance filter chokes.

Supplies filament current for one 227-type and one 245-type
amplifier tube and one 280-type rectifier tube.
Code Word: POSSE

Tyee 545-B Power Transformer

Supplies grid-biasing and plate voltages for one 227-type
and two 245-type tubes using a 280-type full-wave rectifier
and low-resistance filter chokes.

Replaces Tyre 545-A Power Transformer when using high-
resistance chokes.

Supplies filament current for one 227-type and two 245-type

amplifier tubes and one 280-type rectifier tube.
Code Word: PRIOR

Price $10.00

Price $10.00

Both of the new power transformers are scheduled for
delivery by June 15.

Variable Air Condensers for
Use with High Voltages

XPERIENCE extending over several years has shown
that the Tyre 334 Variable Air Condensers (double-
spaced) for high voltage use have been too conservatively
rated. When they were first produced, it was recom-
mended that the voltage across them be limited to 2000
volts, but continued tests under actual operating condi-
tions permits this rating to be increased to 2500 volts,
root mean square, or 3500 volts, peak.

FIGURE 3. TYPE 334 DOUBLE-SPACED VARIABLE CONDENERS

The Tyre 334 Condensers are of the metal-end-plate-
type. They are of the low-loss construction having sol-
dered rotor and stator plates. Until now they have been
available only in maximum capacitances of 50 and 100 mi-
cromicrofarads, but on June 15 a 250 micromicrofarad
size will become available. Its voltage rating is the same
as that mentioned above for others of the same type.

Prices
Tyer 334-R 250 mmf. $5.50
Type 334-T 100 mmf. 2.75
Tyre 334-V 50 mmf. 2.50
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Permalloy
(Concluded from page 2)

for audio transformer cores because they saturate at

much lower values of current than silicon steel. There-
fore, they must be used in plate circuits drawing only
comparatively small currents unless special precautions
are taken in the design. Amplifier transformer cores
made of permalloy also have the disadvantage of being
subject to damage by mechanical shocks which cause
them to lose their permeability.

Acknowledgment for certain information contained in
the foregoing article is made to papers published by H.
D. Arnold and G. W. Elman in The Bell System Technical
Journal and by L. W. McKechan in The Journal of the

Franklin Institute.

A Capacity Unbalance Bridge
For Cable Testing

OME time ago the engineers of a large organization
engaged in the operation of long telegraph ind tele
phone cables needed a bridge for measuring the capacity
unbalances between the conductors in“each group of four
(or quad). Knowing that the General Radio Com-

pany has for many years been specializing in the design

wires

and manufacture of bridges, precision air condensers,
and other apparatus for the measurement of capacity,
they called upon this company to build a suitable instru-
ment. The following is a brief description of it with an
explanation of the problem involved.

The important limiting factor in the operation of long
cables, especially when phantom circuits are used, is the
amount of cross-talk or inter-circuit interference that can
be tolerated.
by balancing. Hw g,n(*ulf; ,as carefully as possible with re-

Aecnutlons must be taken to minimize it
spect to resistance, nuluctuncc, leakage, and capacity.
In general, capacity unbalances cause the most trouble.

When the cable is being manufactured, each group of
four wires or quad (which provides for two channels
operated in the usual way as well as one phantom chan-
nel) are continuously transposed by twisting together
Then the
two twisted pairs are twisted together, and the result is a
cable unit in which the capacity of any wire to any other
Actually, however, small

the two wires for each physical or side circuit.

wire is supposedly the same.
unbalances almost always ‘exist.
When two long cables are to be joined together, the

problem confronting the lineman is to determine how he
shall connect the two quads together. There are eight pos-
sible ways of connecting the two pairs of a quad, some will
give a large amount of unbalance, others will give less.
It is, of course, necessary that he shall choose that com-
bination which has the least, and it was for the selection

of the best combination that General Radio built the ca-
pacity unbalance bridge.

Figure 3 shows the instrument, at the back of which are
two sets of four binding posts for making connections
By means of

the switches on the panel, the lineman can connect the

to the two quads which are to be joined.

two together in every possible combination and measure
sach witl the bridge.

For any combination there are, of course, four termi-
points of a bridge net-
The four capacity ‘arms of the bridge are the ca-

the capacity unbalance for

nals, which form the four corner
work.
pacities between conductors in the quad. Across one
diagonal of the bridge corresponding to one pair of the
quad-is connected a small buzzer operating at about 400
cycles; and across the other
headset for indicating balance.
Whetrthe-cireleit capacitics-are not balanced, a means
This

consists of a double-stator variable air condenser having

is connected the telephone

of measuring the degree of unbalance is provided.

the stator plates connected to opposite bridge points and

FIGURE 4. CAPACITY UNBALANCE TEST SET

the rotor connected to one of the remaining ones. By
adjusting the condenser, it is possible to increase the ca-
pacity of either side of the bridge and reduce that of the
The setting of the con-
then gives directly a measure of the unbalance

other until a balance is secured.

denser
capacity.

The complete instrument is self-contained. It is light
in weight and is equipped with an oak case and a weather-
proof canvas cover. It is therefore, adapted for use by
the lineman in the freld.

Since the a new
model has been prepared in which the unbalance is deter-
mined in only one quad at a time. The unit is smaller,
more compact, and lighter than the larger one. In using
this instrument the lineman measures unbalance in each
of the quads which are to be joined. Then by knowing
the magnitude and sign of the unbalance in cach he can
determine the best method of making the connection.

above described instrument was built,
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PRODUCTION TESTING OF AUDIO-FREQUENCY
AMPLIFIERS

By ARTHUR E. THIESSEN
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OWEVER much engineering de-
velopment the manufacturer

of an audio-frequency amp 1-

" fier expends on its design, there remains

the problem of comparing the perform-
ance of the quantity-produced unit with
that of the laboratory model. Without
rigorous inspection some defective units
are likely to reach the user, which makes
necessary expensive replacements and
breeds ruinous ill will.

Some manufacturers check the com-
ponent parts before assembly and
follow this with a supplementary
“try-it-and-see-if-it-works’’ test. This,
however, is only partially satisfactory
because errors in assembly may still
creep in and because any kind of a
trial inspection requires highly-com-
petent, specially-trained inspectors if
the tests are to mean anything. Even
then, it is doubtful whether any listen-
ing test can be relied upon to detect
small abnormalities in the performance
of a high-quality amplifier under pro-
duction conditions.

When preparing to manufacture
their new radio receivers, the Victor
Talking Machine Company realized
the importance of thorough inspection
and the limitations of the wusual
methods. They asked the General

Radio Company to build suitable test
equipment, and the engineering de-
partments of the two organizations
collaborated on the design of the audio-
frequency amplifier test set that is
described here. It makes possible a
speedy and accurate test and is capable
of operation by an inspector with no
special training.

The most important characteristics
of an amplifier’s performance are its
ability to show the required amount
of gain or amplification over the de-
sired frequency range and to deliver
the required amount of power without
overloading. It was decided that the
test of the Victor Company’s amplifiers
should include an accurate measure-
ment of both these quantities.

The method chosen for making the
test for gain is based upon one some-
times used for making measurements in
the laboratory. Figure 1 shows it in
schematic form. An oscillator operating
at the test frequency supplies energy
through a calibrated attenuation net-
work to the amplifier, in the output
circuit of which is connected a suitable
load and a meter for measuring the
voltage drop across it. The network is
adjusted until the voltage across the
load is equal to that measured across

L]
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the input terminals of the network.
Then, if all the terminal impedances
between units in the circuit have been
properly matched,* the gain of the
amplifier is equal to the attenuation or
loss in the network. The complete
gain-frequency characteristic is ob-
tained by repeating this measurement
at as many test frequencies as neces-
sary.

LOAD
AMPLIFIER

| | UNDER TEST }@

T

f
AMPLIFIER GAIN= s,
NETWORK LOSS

'

ATTENUATION
NETWORK

Fe]

0sC

N

—
INPUT TO AMPLIFIER

o POWER LEVEL(DB)

F16URrE 1. Outline chart and power level diagram

for the gain-measuring method used in the

amplifier test set. All impedances are assumed
to be matched

The overload-level test is also based
upon a laboratory method for deter-
mining where further increases in the
input of the amplifier fail to produce
proportional increases in the power
output. The overload level is the ratio
(expressed in decibels) of this power
output to the standard reference level
or normal test outputf of 5o milliwatts.

The audio test panels as constructed
are shown in the schematic diagram
of Figure 2. A Hartley oscillator de-
livers voltages at each of five selected
frequencies (40, 100, 400, 2500, and
6500 cycles) covering the audio-fre-
quency band. At each of these fre-

* This requirement makes necessary the im-
pedance Z. If the oscillator output voltage be
maintained constant as shown by the volt-
meter, the network behaves as though it were
working out of a power source of constant in-
ternal electromotive force and internal im-
pedance Z. See K. S. Johnson, Transmission
Circuits for Telephonic Communication (New
York: D. Van Nostrand Co., 1925), Chapter
VIII, in particular.

1. R. E. Standard. See Year Book of the
Institute of Radio Engineers (New York, 1929),
p. 107.

quencies the voltage of the oscillator
is made the same by an adjustment of
the respective feedback resistances.

From the standpoint of the in-
spector using the test set, it is desirable
that the power output of the am-
plifier be constant at every one of the
test frequencies, in spite of the fact
that the amplifier gain is different for
each one. Then it is only necessary for
him to note whether or not the load
voltmeter deviates from a fixed value
marked upon the dial in order to tell
whether or not the amplifier is up to
standard. This is accomplished by in-
serting enough attenuation ahead of
the amplifier to make the output the
same at each frequency. This is the
function of the compensation network
shown in Figure 2. Both the frequency
change and the throwing in of the
proper compensation network are
made by means of the large hand-
wheel at the left of the panel shown in
Figure 3.

An alternating-current-operated vac-
uum-tube voltmeter is used to measure
the voltage across the load and to
check occasionally the output voltage
of sthe oscillator. It is sufficiently sen-
sitive to indicate deviations of am-
plifier gain from normal by as little
as one or two decibels. The voltmeter
is the one in the center of the panel.

The input and output networks for
making the overload-level test are
controlled by the other hand-wheel.
As its pointer is moved from left to
right in ten successive steps, an at-
tenuation of two decibels per step is
inserted ahead of the amplifier, and,
simultaneously, the same amount is
removed from the output circuit. So
long as the amplifier is operating below
its overload level, the reading of the
voltmeter remains fixed, but, when
overload occurs, further increases of
input fail to produce proportional in-
creases in the output power. Thus, the
overload level is indicated when the
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F1GuRrE 2. Schematic diagram of the test panel for making rapid measurements of gain and overload
level in amplifiers

output voltage begins to drop off as
the test switch is advanced.

In testing an amplifier under working
conditions, it i1s merely necessary to
connect it to the test panel by means
of a set of flexible leads. With the over-
load-level switch set at zero the gain
test is made at each of the five test
frequencies, and, if the reading of the
output voltmeter does not deviate
from standard by more than a specified
tolerance, the amplifier has been shown
to have a gain-frequency characteristic
like that of the laboratory model.
The next step is to set the frequency
control at some point— 400 cycles,
for example — and to advance the over-
load-level switch until the output volt-
age begins to fall off. The setting of the
switch where this occurs indicates in
decibels the overload level of the am-
plifier referred to the reference level.

Ficure 3. The audio-
amplifier test set as
built by the General
Radio Company for
the Victor Talking
Machine Company

TEST FOR GAIN

At the extreme lower right of the
panel, next to the toggle switch for
controlling the power supply to the
test set, may be seen two key switches.
One of these throws the voltmeter from
the amplifier output circuit to the out-
put of the oscillator for checking its
voltage.

Since the audio amplifier is in-
tended for use in conjunction with a
phonograph pickup (low impedance)
as well as the detector tube of the radio
receiver, its input circuit has a low-
as well as a high-impedance winding.
Gain and overload-level tests are made
for each winding, and the second key
switch makes the necessary internal
changes in the test panel.

By means of this extremely rapid
check practically all of the possible
errors in construction will have been
shown up. When the first production-

TEST FOR OVERLOAD
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built amplifiers were being tested,
several were found to have a sub-nor-

mal amount of gain in the middle of

the frequency band. Checking them
upon the elaborate laboratory gain-
measuring set proved that the test
panels were operating correctly, but
the trouble could not be traced to any
fault in the amplifier until it was dis-
covered that the lower-grade wax used
for impregnating the power trans-
formers had been inadvertently used
in the inter-stage coupling trans-
formers. It is highly probable that a
simple listening test would not have
found the trouble, yet the accident is
one that could happen in any assembly
plant.

By the use of the General Radio
Company’s test panels, the Victor
Company makes its production with
great speed and accuracy and with
a consequently low unit cost of test.
The average time necessary for a com-
plete check is about one minute, and
the amount of deviation from standard
is held to a tolerance of one and one-
half decibels. This test compares
favorably in accuracy with the more
elaborate laboratory measurements re-
quiring ummdarab]_\ more time, equip-

Rapio EXPERIMENTER

ment, and technical skill. Such high
accuracy is justified, for there is no
excuse for the manufacturer making
heavy investments in research and
quality materials unless he is sure that
the finished amplifier is as good as the
approved laboratory model.

In addition to the check upon the
completed amplifier, all of the com-
ponent raw materials are tested before
assembly. All input, interstage, and
output coupling transformers are in-
serted in amplifiers of known excel-
lence which are then tested on the
test panel. If the amplifier shows
normal performance, the transformers
are shown to be satisfactory.

Ten of these amplifier test panels
have been built for the Victor Com-
pany and five more are now in process.

The flexibility of the test set makes
it ad'lptable for use with almost any
audio-frequency amplifier, and it may
be readily altered to take care of such
changes in the design of the amplifier
that may be made after production
has begun. The method of working
out the problem is general enough to
show definitely thatlaboratory methods
can successtullv be applied to produc-
tion tests.

FicurE 4. Four of the six audio-amplifier test panels as used by the Victor Company for making
production inspection tests on completed amplifiers
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NEW TESTING INSTRUMENTS FOR THE RADIO
SERVICE LLABORATORY

Show in Chicago early this month

and in its advertising, the General
Radio Company announced that sev-
eral new items of test equipment for
the radio service man were being
developed. So many requests for in-
formation have been received that
the following descriptions are being
published, even though all three
instruments are still in our laboratory
undergoing their final tests. These speci-
fications must, therefore, be regarded
as preliminary and subject to revision
before they are formally announced.

IN its exhibit at the R. M. A. Trade

TyPE 486 Output Meter

This instrument will be suitable for
measuring the power output of a radio
receiving set at any frequency in the
audio-frequency band. It will consist
of a 4000-ohm resistor for replacing
the speaker or output transformer and
an alternating-current voltmeter of
the copper-oxide-rectifier type con-
nected across it. The voltmeter has a
full-scale reading of 3 volts, but multi-
pliers placed in circuit by a switch
make it possible to increase this range
by 5, 20, and 50 times to a maximum
of 150 volts. The Tyre 486 Output
Meter will, therefore, be capable of
measuring any power output up to
5.6 watts.

Delivery upon this instrument has
been set for August 1. A full descrip-
tion is scheduled to appear in the July
issue of the Experimenter. The price
will be $34.00 and the code word
MALAY.

Tyere 360 175 & 180 K.C. Test
Oscillator
This instrument will replace the
TypE 320 180 K.C. Test Oscillator built
by the General Radio Company for
aligning condensers and for neutral-

izing and making continuity tests upon
superheterodyne receivers having an
intermediate-frequency of 180 kilo-
cycles. The new one will consist of a
modulated vacuum-tube oscillator cap-
able of furnishing test signals at any
frequency in the broadcast band as
well as at the two high frequencies
mentioned in its formal title.

It will be operated by batteries. An
output meter of either the copper-
oxide-rectifier type or the thermogal-
vanometer type will be mounted in
the cabinet which will be approxi-
mately 1034 by 1034 by 7 inches.

TypE 404 Service Test Oscillator

This instrument is intended for the
usual aligning of tuning condensers,
neutralizing, and the making of con-
tinuity tests on radio receivers, but it
will, in addition, make it possible for
the dealer and the service man to
make tests for receiver sensitivity.

It will have a modulated vacuum-
tube oscillator capable of being oper-
ated at any frequency in the broadcast
band. Across the output of this oscilla-
tor will be connected an attenuator or
voltage divider so that known radio-
frequency voltages may be impressed
upon the input circuit of the receiver.
By measuring output power (with
the Type 486 Output Meter, for ex-
ample) an approximate frequency-
response curve may be obtained for
the receiver.

It will be operated from the 110-volt
alternating-current power supply. The
cabinet will be approximately 1034 by
1034 by 7 inches.

No estimates of price or of delivery
date on either oscillator can be made at
the present time. Full information will
appear in the Experimenter as soon as
it 1s ready.

Cs]
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DIRECT-CURRENT AMPLIFIER DESIGN

By CHARLES

MEANS of magnifying the inten-
sity of slowly-varying voltage
pulses is often needed in ex-

perimental work. Amplifiers for tele-
vision and for vacuum-tube volt-
meters must respond to low frequencies
and to direct current (zero cycles per
second), but the usual types of audio-
frequency amplifiers are not suitable
because they do not operate effectively
at frequencies much below 25 cycles
per second.

Although there is nothing particu-
larly new about a direct-current am-
plifier, we are describing here one of
two stages built by the General Radio
Company, because it presents an in-
teresting example of amplifier design
(see Figure 1). It was to be used in con-
junction with an electrocardiograph, an
instrument used by the medical pro-
fession in the study of heart action.
During the heart beat potential differ-
ences of the order of a few millivolts
appear between active and inactive
heart muscle. These voltages are ap-
plied to the input of an amplifier and

E. WoRTHEN

passed on to an Einthoven (string-
type) galvanometer for recording.
~ From the schematic diagram of
Figure 2 it may be seen that this am-
plifier is of the resistance-coupled
type in which the grids of the vacuum
tubes are held at the proper operating
potential by means of batteries instead
of the usual blocking condensers and
grid leaks. With no signal voltage ap-
plied across the input terminals, each
tube is operating at a suitable point on
the linear portion of its grid-voltage
plate-current characteristic. A voltage
applied to the grid of the first tube
causes a change in its plate current
which, in turn, produces a change in the
voltage drop across the plate resistor
R, and alters the grid bias of the
second tube. This produces a change in
the plate current of the second tube
and a change in the voltage across the
output circuit. A scheme for balancing
out the steady plate current of the
second tube in the output circuit is
provided. It will be described later.

If the proper operating points have

FIGURE 1. A two-stage direct-current amplifier, a piece of special equipment built by
the General Radio Company

[6]
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Ficure 2. Circuit diagram of the direct-current
amplifier of FIGURE 1

been chosen, the change in plate volt-
age in each tube is greater than the
grid voltage change. The amount of
this amplification depends upon the
value of plate resistors used as well as
upon the operating points chosen. The
over-all amplification will, in general,
be less than the product of the amplifi-
cation factors of the tubes. It should
also be noticed that successive voltage
changes are out of phase by 180 de-
grees. If the change on the grid of the
first tube be in a positive direction,
that on the second grid is in the nega-
tive direction. This fact might be an
important consideration when deciding
whether an amplifier should consist of
an even or an odd number of stages.

The considerations involved in the
design of a direct-current amplifier can
be better understood by means of the
graphic analysis of Figure 3. This
analysis holds only for small values of
applied voltage on tubes biased to
operate on the linear portions of their
characteristics. The grid-voltage-plate-
current characteristics are plotted as
shown, that of the second tube being to
the right of and above the first. If the
two operating points are ./ and C, lines
drawn from these points perpendicular
to the axes will intersect at B.

For a given value of R, the drop
across it is /pR;. Through B, then,
draw a line intersecting the voltage

; I
axis at an angle equal to tan-!

1

From the geometry of the figure it is
then evident that the distance sub-
tended by this line on the voltage axis
is equal to Z/pR;. Since this gives the
grid of the second tube too large a
negative bias, the battery E, supplies
enough positive bias to bring the grid
to the selected operating point. Re-
ferring again to the diagram, it may be
seen that E,—IwR;=FEy. This gra-
phic analysis makes it possible to study
the effect of changing the values of the
batteriesand of R;. Itisextremely useful
in designing direct-current amplifiers.
In order that no current shall flow
in the output circuit except when a
voltage is applied to the input, the
steady plate current in the second tube

SECOND
TUBE t
b
C
i3
o=
< 3%
(%)
Eco =
I
= r*—::ll-:‘.,l
FIRST !
TUBE f |
E |
|
& |
! ! .
A T B4 TN #/
[ i M
EG_. " + T
! aEg) B L :j
INPUT VOLTAGE / lPORI
Ecz

Ficure 3. Graphic analysis for a two-stage
direct-current amplifier

is balanced out. Referring to Figure 2,
the balancing resistor R, is made equal
to the plate resistance of the second
tube, and the balancing battery E; is
made equal to the battery Z,. Under
these conditions, no voltage appears
across the output circuit unless one is
applied to the input. A zero-center
galvanometer is provided in the in-
strument for indicating the balance
condition.
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ITH this number, the first of

‘;‘/ Volume IV, the General Radio
Experimenter appears in a new

format. The new page is only one-half
as large as the old one (6 inches by ¢
inches instead of g inches by 12 inches),

but doubling the number of pages

“With an input of 15 db at 30 cycles
the inductor motor moves a ten-inch
cone one-eighth inch.” (b) “In all [of
the author’s] loud-speaker response
curves, the sound intensity in db was
plotted against frequency.”

The decibel is, by definition, a

makes it possible to include as much

material as before.
Besides making it
easier to handle, the
smaller size brings
the Experimenter
more nearly into
uniformity with
other publications
which the reader
keeps for reference.

No other radical
changes either in the
editorial or the dis-
tribution policies are
contemplated.
There is no sub-

scription fee, and we.

ask only that our
readers express a de-
sire to continue

measure of a ratio between

CONTRIBUTORS

OTH contributors to this

issue of the Experimenter

are members of the General

Radio Company’s Engineering
Department:

ARTHUR E. THIESSEN,
Bachelor of Engineering, Johns
Hopkins University, 1926.
1926-1928, Bell Telephone Lab-
oratories, Inc. 1928 to date,
Engineering Department, Gen-
eral Radio Company.

CHARLES E. WORTHEN,
Bachelor of Science, Massa-
chusetts Institute of Tech-
nology, 1928. 1928 to date,
Engineering Department, Gen-
eral Radio Company.

two
amounts of power,
the number of deci-
bels corresponding
to a power ratio
being given by db=
10 log,y, where 7 1s
the ratio. Obviously,
specifying a power
input or an intensity
of sound in decibels
is as devoid of mean-
ing as the statement
that the power input
to a motor is 9§ per
cent. We admit,
however, that ““deci-
bel’” does sound
more impressive.

It is possible, of
course, to express an

upon the mailing list by returning the
card sent out once each year. This
year’s card will go out sometime during
the summer.

* % k%

The following excerpts from recent
issues of one of the popular magazines
arouse us sufficiently to suggest that
their editors encourage contributors to
show more respect for the decibel: (a)

amount of power as so many decibels
“above” or “below” a specified amount
of power called the zero or reference
level, but so many different reference
levels are in use that it is always well
to state which one is being used. In-
cluding it takes only a little more
effort on the part of the author and
greatly minimizes the chance of mis-
leading the reader.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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THE IMPORTANCE OF MUTUAL CONDUCTANCE
IN TESTING VACUUM TUBES

By CHARLES T. BUrRKE

HE behavior of a vacuum tube

may be predicted if its amplifi-

cation factor, plate impedance,
and mutual conductance are known
for the given conditions. Other factors
such as inter-electrode capacitances
affect its operation, particularly at the
high frequencies, but it is usually
justifiable to consider only the three as
the principal parameters. They, or at
least their names, have become so
familiar that their physical signifi-
cance is obscured until they tend to be
considered mere mathematical con-
stants.

This is particularly so of mutual
conductance, which, because it can be
derived from the other two, is some-
times thought of as a ratio without
physical meaning. For testing pur-
poses, however, mutual conductance
is the most important of them all.
It expresses the excellence of a partic-
ular type of tube as a power amplifier,
as a detector, as a modulator, as an
oscillator. It is readily measured, and,
with tubes having a large plate im-
pedance (screen-grid tubes, for ex-
ample), it is the only one that can be
measured with simple apparatus. In
this article we propose to show why
mutual conductance is so important.

The plate impedance of a vacuum
tube may be defined as the ratio of
the change in plate voltage to a cor-
responding change in plate current
when the control-grid potential is held
constant. It depends upon the area,
nature, and temperature of the filament
(electron-emitting surface), upon the
area of the plate, and upon the spacing
of the elements. Except at very high
frequencies when the inter-electrode
capacitances introduce appreciable
amounts of reactance it may be con-
sidered to be a pure resistance.

The amplification factor u, defined
as the change in plate potential pro-
duced by a unity change in the grid
potential when the plate current is
maintained constant, depends only
upon the spacing of the elements and
upon the fineness of the grid mesh.
It would be the all-important para-
meter for a tube delivering power to a
load whose impedance was large as
compared with the internal plate im-
pedance, and it is, therefore, of great
importance in so-called potential am-
plifiers (7.e. amplifiers which are sup-
posed to magnify voltage variations and
deliver little or no power to the load
circuit). If such a circuit be well de-
signed, the amount of voltage ampli-

L]
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fication* should approximate u, the
amplification factor of the tube.

It will facilitate an explanation to
make use of Figure 1a which repre-
sents a vacuum-tube amplifier with a

SR

L
T % _J:o
A
e g

=

B
T
€
_L

25

Ficure 1. Schematic circuit for a simple vacuum
tube amplifier: 1a, above; 1b, below

load in its plate circuit. This is an
approximate equivalent to the diagram
of Figure 1b where an ideal transformer
with a turns ratio equal to u has re-
placed the vacuum tube. In its second-
ary circuit is a resistor representing the
internal plate impedance of the tube.
The voltage pe, is applied across Z, and
7p In series, SO we may write

Mey= ipr])+ ipZ:,
i1)7.]:+ i[lZn

or ey=
i

5 : €0\ .
Then the voltage amplification <—) is

!’y»
m Z,
= " =u .
Lo i5ls N PartZy

* By voltage amplification we mean the ratio
of the voltage appearing across the load in the
plate circuit to the voltage applied to the grid of
the tube.

120" (1)

This shows that when Z, is much

larger than 7, the quantity T_'_"Z 1s
approximately equal to unity and the
voltage amplification is approximately
equal to u; and that, when Z, is of the
same order of magnitude or smaller
than 7,, Z, has an important effect
upon the voltage amplification. For
comparatively low values of Z, the
value of 7, is a dominating influence.
Since, in general, the difficulty of
building a load circuit increases with
its impedance, it is desirable that it
have as low an impedance as possible.
This means that the tube should have a
low impedance if the greatest amount
of amplification is to be obtained. The
desirability of the tube as an amplifier
is proportlonal to u and inversely pro-
portional to 7,. The ratio of u to 7,
(called the mutual conductance) makes,
therefore, an excellent figure of merit
for expressing the desirability of a
given vacuum tube as an amphher’r

Physically, g,,, the mutual conduct-
ance of a tube is the ratio of the change
in plate current that is produced by a
given change in grid potential when
the plate potential is held constant,
assuming, of course, that there is no
load in the plate circuit. Thinking of
the mutual conductance as the effec-
tiveness of grid-voltage changes in
producing plate-current changes em-
phasizes the physical meaning of that
quantity.

In circuits using the screen- grid type
of tube the plate impedance is usualI\
much greater than any value of load
impedance that can be readily realized
in practice. Referring again to Figure 1
and assuming that there is a screen-
grid tube in the circuit it will be seen
that e, will be equal to 7,Z,, and, because

T Mutual conductance is also a figure of merit
for a tube used as a modulator, oscillator, or
detector. For a more complete discussion see
H. J. van der Bijl, The Thermionic Vacuum
Tube (New York: McGraw-Hill Book Co., 1920).



Voi. IV;:No; 2~3

; ' Z,
7, is large as compared with Z,, g,=-"
e
g
by definition. Then the voltage amplifi-
cation may be written

7 })Zu

€y

zngu >

from which we see that the voltage
ampllhmtlon in a screen-grid tube is
given by the product of the mutual
conductance into the impedance of the
load. In the ideal screen-grid tube
circuit the onlv tube parameter of
importance is the mutual conduc-
tance.* The plate 1mpedance of the
224-type tube, now in quite general
commercial use, averages about 800,000
ohms, which is large enough as com-
pared with most circuit xmpedances,
that they need seldom be taken into

_tccount when making gain computa-
ons.

For the reasons set forth in the fore-
coing discussion, the mutual con-

uctance of a vacuum tube may be
1easured and the resulting value taken
as an index of the excellence of a given
tvpe of vacuum tube. Some care must
be used in saying that one type of tube
is better than another because it has a
greater mutual conductance, but one
can without hesitation say that among
tubes of the same type the greater the
value of mutual conductance, the
better is the tube.

This fact makes it possible to use a
measurement of mutual conductance
as an inspection and acceptance test for
tubes. Improper spacing of the elements
and faulty emission will both produce
a lowermg in the value of mutual con-
ductance. This test will not show what
is wrong but it will show whether or
not the tube is defective. That is why
it makes a good test for the manufac-
turer’s production line.

* Albert W. Hull and N. H. Williams, “ Char-

acteristics of Shielded-Grid Pliotrons,” Physical
Review, XXVII, April, 1926, p. 438.

gaoyt “}u) ;o A59)am02) A1 _
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Because mutual conductance is so
important an indication of tube be-
havior, particularly in screen-grid
tubes, methods of measuring it will be
of considerable interest. The conven-
tional method for making this measure-
ment involves the use of a bridge cir-
cuit developed by H. W. Everitt,}

which is shown in Figure 2.

) £

_—

e

Ficure 2. Functional schematic diagram of the
bridge for measuring mutual conductance

Voltage from an oscillator is im-
pressed across R, and R; and the out-
put of the tube is connected across R,.
The phase relations in a vacuum tube
are such that the control-grid voltage
is opp051te in phase to any voltage ap-
pearmg across a resistance load in the
plate circuit, which means that the
voltage drops across R, and R, tend to
cancel each other. If by adjusting R,
the voltage drops across R, and R, can
be made equal in magnitude, no cur-
rent will flow through the telephone
headset. In this condition of balance,

. . . z.0131
i,Ri=i,R, or i,=——
g pER2 » R»_)
and  e,=1,Rs,
ot Ry T R,
hence g,=—= = (2)

Ry iRy Ry Ry

This result i1s the mutual conduc-
tance of the circuit which equals that
of the tube when R, is negligible as
compared with the plate impedance

tH. J. van der Bijl, Op. cit.
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Ficure 3. Wiring diagram for Type 443 Mutual-Conductance Meter. R; is given a value of 1000 ohms

of the tube. Since this is the only ap-
proximation involved in the bridge
equations, this bridge method is more
accurate the greater the value of the
plate impedance of the tube. In prac-
tice R, 1s calibrated to read mutual
conductance directly.

Consideration will show that this
bridge may be used for making meas-
urements upon screen-grid tubes with-
out the necessity of shielding, even
though at first glance it might appear
that shielding must be used.

Shielding is necessary in any circuit
only when there exist between circuit
elements stray admittances that are
comparable in magnitude to the circuit
admittances between the elements.
In this bridge the admittance between
the plate and ground is of the order of
10,000 micromhos (R, usually being of
the order of 100 ohms) and the admit-
tance between control grid and ground
is 1000 micromhos. Stray admittances
ordinarily occurring between leads
and between batteries will be negligible
by comparison at the test frequencies
of 800 to 1000 cycles used in practice.

Tolook at the matter in another way,
we may say that shielding is necessary
in a screen-grid amplifier circuit be-
cause of the very high voltage amplifi-
cation given by this tube when used
with a high impedance load circuit.
Voltage amplifications of as much as
200 might be obtained. In the above
described bridge circuit, however, the
ratio of voltage drop across the load in
the plate circuit to the voltage drop
across the control grid is of the order
of o.1. In other words, the “voltage
amplification” is about of 1 to 10 as
compared with a ratio of 200 to I in
the amplifier circuit.

11
The General Radio Company has

developed for commercial use a bridge
for measuring the dynamic mutual
conductance by means of the bridge
circuit that we have been discussing.
Suitable fixed values of R, and R; are
provided and the adjustment of R,
is made by means of a dial which is
calibrated directly in micromhos. Sock-
ets are provided for both the 4- and s-
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prong tubes. A low-resistance high-
current and a high-resistance low-
current rheostat are included in the

assembly as is a direct-current volt-
meter for measuring filament volt-
ages.

The Typre 443 Mutual-Conductance
Meter is suitable for making measure-
ments on all types of tubes with an
accuracy of § per cent. depending some-
what upon ‘the skill exercised by the
operator. It is simply necessary for
him to insert the tube in the proper
socket, check the filament voltage—and
adjust the dial until he hears a mini-
mum signal in his telephone headset.
A true null balance is never obtained
because the bridge makes no provision
for eliminating the out-of-phase volt-

FiGUurE 4. TypE 443 Mutual-Conductance Meter showing connections for testing a 224-

Jury=Aucusr,

U
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ages caused by the inter-electrode
capacitances of the tube under test.
The error in measurement intro-
duced by neglecting the voltage drop
across R, is greater for tubes having a
small plate impedance, but if desired
this error may be calculated and a cor-
rection applied. The meter reading is
less than the true value by the product

100 . ]
of — into the meter reading.

When new plate batteries are used,
the impedance drop through them will
be small enough to be negligible. The
internal impedance of the battery,
however, increases with age, and, es-
pecially when measuring tubes with a
low plate- 1mpedamc—thc1c may be an
error due to this fact. It can be prac-

0
o
W s

type screen-

grid tube. The panel is engraved for triodes
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TABLEE T

REPRESENTATIVE VALUES OF MUTUAL CONDUCTANCE
FOR VACUUM TUBES IN GENERAL USE

Filament Control Screen Plate Mutual
Type of Rheostat Grid Bias Grid Bias Battery | Conductance
Tube Used
Volts Amperes Volts Volts Volts Micromhos*

11 LOW 1.1 0.25 —4.5 - 90 425

12 LOW o5 0.25 —4.5 90 425
T12-A HIGH 5.0 0.25 —9.0 135 1600
120 LOW 33 0.132 —22.% 135 510
171 HIGH 5.0 0.50 —40.5 180 1500
171-A HIGH 5.0 0.2% —40.5 180 1500
199 LOW 3.3 0.063 —4.5 90 420
200-A HIGH 5.0 0.2§ o i 45 670
200-B LOW 5.0 0.12§ e} o 45 670
201-A HIGH 5.0 0.25 —4.5 90 740
201-B LOW 5.0 0. 12% —4.5 90 740
210 HIGH 7.8 I.28 —35.0 425 1600
222 LOW 33 0.132 —1.5 45 135 350
224 HIGH 2.5 1.75 —1.% a8 180 1050
226 HIGH 1.5 1.05 —9.0 135 1100
227 HIGH 23¢ 1.75 —4.5 90 9oo
240 HIGH 5.0 0.2§ —3.0 180 200
245 HIGH 2.5 1.5 = 34.5 180 1800
250 HIGH i 1.25 —84.0 450 1800
842 HIGH 7.8 1.25 —100.0 425 [ 1200
865 HIGH e § 2.0 o [ 125 500 | 750

* The values of mutual conductance given in this table are not intended to be standard. For more informa-
tion consult the data sheet issued by the manufacturer of the particular brand of tube under test and accept
his rating. Some manufacturers express mutual conductance in milliamperes per volt; 1 milliampere per volt

being equivalent to 1000 micromhos.

tically eliminated by shunting the
plate battery with a condenser having
a capacitance of about 2 microfarads.

The current-carrying capacity of R,
is great enough to make the mutual-
conductance meter available for meas-
uring tubes having plate currents of as
much as 250 milliamperes. High plate
currents, of course, usually mean high
plate voltages, and, inasmuch as the
telephone receivers are connected into
the plate circuit of a tube, it is impor-
tant that the operator be protected
against coming in contact with any of
the plate-battery terminals.

It is desirable that tubes be tested
for short-circuited elements before
being placed in the mutual-conduct-
ance meter. A glance at Figure 2 will
show that when any of the elements in
the tube are short-circuited, the entire
plate battery is impressed across R,
and, although R, will carry at least 250
milliamperes, it will not withstand the
heavy short-circuit current from the
plate battery. If it is impractical to
make a preliminary test for short-cir-
cuited elements, a protective relay or a
fuse may be inserted in series with the
plate battery.
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A RECTIFIER-TYPE METER FOR POWER OUTPUT
MEASUREMENTS AT AUDIO FREQUENCIES

By Joux D. CrAwFORrRD

N the course of routine experimental
work in the laboratory there often
occurs the need for a convenient

means of measuring the power deliv-
ered by a device at frequencies for
which the ordinary dynamometer-
type of wattmeter fails. This problem
might, for instance, appear when test-
ing the audio-frequency amplifiers of a
public-address system or when making
the standard fidelity, sensitivity, and
selectivity tests upon radio receivers.
In each instance the power output of
the tested device is measured and then
compared with a measurement of
either power or voltage made upon the
input.

The usual method for measuring
power output is to make the device
under test feed a resistive load whose
resistance at the test frequency is
known. Then, if the current to or the
voltage drop across the load be meas-

A-C VOLTS

{3 LLFETRE

ured, the power delivered to it can be
easily computed from the relation

2
W=— or W=IR (1)
R
where /7= power delivered to the load
in watts

E =voltage drop across the load
in volts

I =current to the load in amperes

R=resistance of the load in
ohms.

The accuracy of this method de-
pends, of course, upon the accuracy
with which R and E or I have been
determined. Since R enters directly, the
percentage error in / caused by an
error in R is the same as the percentage
error in R, but, because the square of
both E and 7 are involved, the percen-
tage error in / introduced by errors in
E and I 1s slightly more than twice as
great. With an error in £ or / of 5 per

MULTIPLY BY

a®®g

4000 OHM
JTPUT METER

Ficure 1. The Tyre 486 Output Meter

7

.
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cent., for instance, an error of 12.5 per-
cent. in # results; with an error of 10
per cent., there is_an error of 21.0 per
cent. in /7.

The entire question of accuracy in
measurements of this kind is one that
must be carefully considered in choos-
ing instruments. They should be capa-
ble of giving as accurate results as are
justified by the proposed test, vet, if too
great an accuracy be demanded, the
cost of the instrument may increase out
of all proportion to its usefulness. In
making the standard tests upon radio
receivers, for instance, the radio-fre-
quency voltage delivered by the best
available calibrated generator for labo-
ratory use has a possible error of § per
cent. in voltage. Little would be gained
if it were necessary to build a special
power-measuring circuit having an ac-
curacy very greatly in excess of this
value.

The indicating instruments most
often used for measurements over the
audio-frequency band are the vacuum-
tube voltmeter, the hot-wire ammeter,
and the thermocouple ammeter, all of
which may be designed to have excel-
lent frequency-response characteris-
tics. Cooperating with the General
Radio Company, a large manufacturer
of electrical instruments has developed
a new alternating-current voltmeter
which makes use of four small copper-
oxide rectifiers connected in circuit
with a direct-current galvanometer.
When alternating voltages are applied,
the resulting rectified current causes a
deflection in the galvanometer which is
calibrated directly in root-mean-square
volts. The principal advantages of this
instrument are its comparatively low
cost and its ruggedness. It 1s able to
withstand a considerable amount of
overvoltage with no damage other than
the bending of the pointer.

The General Radio Company has de-
veloped for use in the measurement of
power output its Type 486 Output

Meter, shown in the photograph of
Figure 1. One of the new copper-oxide
rectifier voltmeters with a full scale
reading of 3 volts is equipped with a
multiplier which increases the full scale
reading to five, twenty, and fifty times
this value. At the same time the input
impedance of the instrument is kept at
4000 ohms so that, in effect, there is a
constant 4000-ohm load circuit with an
adjustable-range voltmeter connected
across it. This is made possible by the
L-type network shown in Figure 2. The

WWW-

©

VWWH-AMY

v VT
SERIES
Y o—

FiGure 2. Schematic wiring diagram for the Tyee

486 Output Meter. The numerals beside each of

the switch points at the left indicate the value of
the multiplying factor for the voltmeter

total resistance of the series arm and of
the shunt arm (including the meter cir-
cuit) is kept at a constant value of 4000
ohms, and the ratio of the impedance of
the shunt arm and meter circuit to the
total resistance of 4000 ohms is the
multiplying factor for the voltmeter.

Inasmuch as the input impedance to
the instrument is known, the power
delivered to it can be computed from
equation (1). The output meter with a
maximum range of 150 volts and an in-
put resistance of 4000 chms can, there-
fore, be used to measure power outputs
of as great as

(50x3)*

Fe ¢.6 watts.
4 ;

In addition to the factors already
mentioned, the accuracy of this instru-
ment depends upon the accuracy of the
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multipliers. The voltmeter itself is ac-
curate to within § per cent. of its full
scale reading at frequencies between 25
and 5000 cycles. At frequencies between
5000 and 10,000 cycles, the accuracy is
within 10 per cent. of the full scale
reading. The resistance units in the
output meter are designed and ad-

justed to have an accuracy that is

consistent with the percentage error in
the voltmeter itself.

There is inherent in all meters of the
rectifier type an error that cannot be
overlooked. The impedance of any

rectifier is a function of the amount of

current passing through it, and since
the rectifier type of voltmeter that we
have been discussing depends for its

operation upon the measurement of

different amounts of current, we may
expect that its impedance will depend
upon the voltage being measured. This
has been found to be true and the Tyre
486 Output Meter has under some cir-
cumstances an error due to this fact.

Measurements made upon the volt-
meter used in the Type 486 Output
Meter show that the impedance varies
in the ratio of about five to three for
deflections between o.5 and 3 volts
(full scale). This variation is partially
compensated by shunting the voltmeter
with a resistance of such value that the
total impedance of the resulting parallel
circuit is 4000 ohms when the volt-
meter indicates 2 volts (two-thirds full
scale). For deflections other than 2 volts
an error is introduced in power meas-
urements which depends upon the input
impedance of the output meter.

The error in the measured power is
appreciable only when the multiplier
switch is in the 7 position. Then the
shunted voltmeter is connected di-
rectly to the input terminals and varia-
tions in its impedance appear directly
as variations in the impedance of the
output meter, and, consequently, as
errors in measured power. At the 1.0-
volt scale reading, the power error may

JuLy-Avucusr,
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be as great as 11 per cent.; at the 2-volt
scale reading, the power measurement
will be correct; and in the 3-volt scale
position, the power error w 1|l be about g
per cent. The measured power will be
low at the low end of the scale and high
at the high end of the scale.

When the multiplier switch is in any
other position, there is connected across
the shunted voltmeter the additional
shunt arm of the L-type network,
which minimizes the variations in im-
pedance so that when the multiplying
factor is five, twenty, or fifty, the
error introduced in the input impedance
and in the value of the multiplying fac-
tor is less than one per cent.

At first glance the error involved in
the use of the directly-connected volt-
meter in the output meter would
appear to make it useless. Actually,
however, most measurements of output
power are made at power levels greater
than the 2.25 milliwatts represented by
a meter reading of 3 volts. For in-
stance, the standard reference power
level for use in making measurements
upon broadcast receivers is 5o milli-
watts, and practically. the only use for
the low range on the output meter is in
the neutralizing and ganging of tuning
controls by means of a low-power radio-
frequency oscillator. The output meter
will also be found useful for measuring
the amount of power-supply hum that
is present in the output of an audio-fre-
quency amplifier. For all of these uses
the error in measured power is not
serious.

It is also a fact that the low range of
the output meter will usually be used
for measuring voltage rather than
power. For this use, impedance varia-
tions will cause no appreciable error.

The impedance of the output meter
was set at 4000 ohms because that
value is fairly representative of the
average impedance of a high-impedance
(cone-type, etc.) loud-speaker.  For
making measurements upon amplifiers
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with self-contained output circuits for
delivering power to a dynamic loud-
speaker, the impedance of the output
meter will be much too large. Here the
instrument is intended to be used as
a voltmeter connected across an ex-
ternal dummy load of suitable resist-
ance (35 ohms, perhaps).

The TypE 486 Output Meter cannot
be used in circuits where direct cur-
rent is present. The direct-current com-
ponent may be eliminated by the use of
a suitable transformer or speaker filter,

Tue GENERAL Rapio EXPERIMENTER

or by connecting a large condenser in
series with the output meter. The con-
denser should have a very small volt-
age drop across it as compared with
the total drop across the output meter.
For use at 25 cycles, for example, the
condenser should have a capacitance of
at least 2 microfarads; 4 microfarads
would be better.

The price of the Tvre 486 Output
Meter is $34.00, the panel size is 7-3/8
inches by 5 inches, its weight is 214
pounds, and the code word is MALAY.

HOwW AND WHY THE FADER

HorAaTio W.

E assume that all of our
readers are familiar with the
effective motion picture tech-

nique, the fade-out, whereby the close

‘of a scene is dissolved by restricting the

field of view towards the center of the
picture frame, and, at the same time,
reducing the intensity of illumination.
This 1s usually accomphshed in the
studio by slowly closing one or two
iris shutters while the camera is in
operation, or the fade-out may be pro-
duced in the projection booth by the
manipulation of an iris shutter on the
projector. With the advent of syn-
chronous and non-synchronous sound
accompaniment for motion pictures,
the need arose for an analogous acous-
tical fading-out device, the fader.

The purpose of this instrument* is
twofold. The acoustical condition of a
theater, due to its dimensions, architec-
tural features, and especially the size of
the audience, varies considerably from

* Horatio W. Lamson, “How and Why the
Talkies,” General Radio Experimenter, 111, De-
cember, 1928, and January, 1929.

L. ansoxN

time to time, so that the fader serves
first of all as a convenient means for
controlling the volume level of the re-
produced sound in order to achieve the
most natural and pleasing results. The
proper monitoring of a sound presenta-
tion to meet the existing conditions
contributes greatly to the success of
the program.

The fader also provides for reducing
the output of an expiring film or disc
sound track to zero and subsequently
building up the level of the new sound
track to the proper value. An abrupt
change between the sound tracks at full
volume levels gives rise to undesirable
transients in the electrical systems. By
the use of the fader the change from
one to the other can be made in such
small steps that it is not perceived by
the audience, and transients are mini-
mized even though the transfer is made
as quickly as possible. To accomplish
these purposes the fader is built in the
form of a two-sided or bilateral at-
tenuator. We propose to discuss the
relative merits of various types of
faders.
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The simplest scheme is shown in
Figure 2. P, and P, represent two
pickups (for film or disc tracks), and s
is a movable contact which slides along
the resistances R and connects to the
grid of an amplifier tube. Here, be-
cause the tube draws no energy, the
fader operates as a simple voltage
divider having a total resistance of 2R.
The load R in which each pickup is
terminated should have a value ap-
proximating the impedance of the
pickup if it is desired to match imped-
ances.

The adjustable resistance in all of
these faders may be constructed in one
of two forms: as a continuously-ad-
justable slide-wire or as a step-by-step
attenuator inwhich a contact-stud type
of switch adjusts the attenuation in
predetermined discrete increments to
give any desired calibration scale,
which, however, is usually made uni-
form in decibels. The slide-wire type
may likewise have a scale calibrated
uniformly in decibels if the form upon

Jury-AucusT, 1929 I

which the wire is wound be cut in the
proper shape.

The calibration of the arrangement
shown in Figure 2 is simple, since no
power is drawn from the output. If »

P Rgg_J_'

FiGure 2

be the resistance between s and the
filament, then the number N of decibels
attenuation for any particular scale
position of s is given by

N =20 log ;{ (1)

It is often desirable to interpose a
transformer between the pickup and
the amplifier. In this case the fader
arrangement shown in Figure 3 might

Figure 1. The General Radio Tyre 598 Fader. At the left is the fader proper; at the right is the
“dummy” or auxiliary control. In practice the two are mechanically coupled
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R

F1GURE 3

be used. Here the values of R should be
quite large so that the currents drawn
from the secondary coils of the trans-
formers 7, and 7, will not be of
sufficient magnitude to injure their
frequency-response characteristics. The
calibration equation is, of course, the
same as that for the arrangement of
Figure 2

The faders function in both Kigures 2
and 3 purely as voltage dividers. When
rhese methods are used, it is highly de-
sirable that the fader be made an
integral part of the amplifier so that
the lead connecting s to the grid of the
tube may be shielded and kept as
short as possible. Such a procedure is
feasible 1n non-synchronized equip-
ment, but it is not so desirable with
synchronized apparatus where it is
more convenient to have the fader in
the form of a separate unit at a dis-

The method of Figure 4 suggests it-
self. This is an L-type network in
which both the series and shunt arms
are adjustable in such a manner that
their sum remains constant and equal
to R. Such an arrangement is, however,
undesirable for two reasons. First, the
matching of the pickup and load im-
pedances in both directions is poor,
and, second, the output circuit being
largely inductive, the attenuation for a
given setting of the fader is a function
of the frequency. The resulting suppres-
sion of the higher harmonics causes dis-
tortion.

These difficulties may, of course, be
largely overcome by employing a

WWW

FIGURE 4

tance from the amplifier and adjacent
to the operators standing beside the
pm|c(non machines. This service re-
quirement may be met by making the
fader operate not as a \()ltage divider
but as a current attenuator.

K1GURE ;3

fader which consists of an adjustable
H- or T-type network after the manner
shown (for a T-type) in Figure 5 which
requires three slldlng contacts. To
increase the attenuation the two re-
sistances X; and X, are increased,
and, simultaneously, the resistance 2
is decreased. This ideal network re-
quires a complicated and expensive
switching mechanism which represents,
for talking pictures, a greater refine-
ment than is warranted in practice.
The first step toward obtaining an
economical design without noticeably
sacrificing quality is shown in the com-
pensated fader of Figure 6 in which a
Lompensatmg resistance C is ad]mred
in synchronism with R. This gwee us
an ad_]ustab]e T-type network in which
the total resistance of one series arm
plus the shunt arm 7 remains constant.
If the adjustable series or compensating
arm C be located, as shown, on the side
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toward the pickup, it is possible by
proper design to maintain the 1mpul—
ance into which the pickup works at a
constant value. This i1s the most 1m-
portant matching requirement. The
impedance looking back from the load
will vary between R and some mini-
mum value, but this is relatively unim-
portant. To increase the attenuation
the sliding contacts are moved so as
to reduce 7 and increase C. The cali-
bration of such a fader presents too
lengthy a problem for analysis here.

It has been found in practice that
the fader shown in Figure 6 may be
further simplified and still give sufhi-

Jury-AvucusrT,

~NO
N

FiGure 6

ciently correct impedance relations to
prevent intoducing noticeable distor-

tion. This is accomplished by giving C

a fixed value of the proper amount.
We now have a T-type network in
which one series arm C is held constant,
while the other series arm and the

1929 ER

Ficure 8. View of Tyre §98 Fader showing
connection panel and selector switch for changing
from film to disc track

shunt arm are varied in such a manner
that their sum remains constant and
equal to R. This network gives the
correct impedance looking out from the
pickup at only one setting which in
practice i1s chosen at approximately
two-thirds of the full volume level.
The schematic diagram for a fader
arranged for economy of resistance
units and having fixed u)mpcmatlon
and a step- by-step adjustment of
attenuation is shown in Figure 7 7-
Faders for symhromzed equipment
frequently carry a selector switch (not
shown in Figure 7) for shifting the
pickup terminals from the film to the

F1cure 7. Schematic diagram for a fader like that shown in Figures 1 and 8. The connections for the
selector switch are not shown
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disc sound track. Such faders are
usually provided with fifteen steps on
each side which are calibrated to give
about three decibels attenuation each.
They may, of course, be designed to
have any desired impedance and atten-
uation, but, in order to minimize in-
ductive interference in these circuits
which are connected to the input of a
powerful amplifier® the impedance
should be kept as low as possible. Thus,
the very high impedance photo-electric
cell is connected to an amplifier located
adjacent to the cell. The signal from
this amplifier, which has a low internal
output impedance, is subsequently fed
into the fader at approximately the
same energy level obtained directly
from the disc pickup.

In order to minimize impedance
variations or to match unlike input
and output circuit impedances, it is
occasionally the practice to install
fixed networks or pads before and
after the fader. Such pads necessarily
introduce a certain amount of attenua-
tion which must be compensated for by
an increase in the over-all gain of the
amplifying system.

For convenience of the operators the
fader is wusually installed near one
projector; and a dummy control unit,
carrying a duplicate scale, is mounted
beside the other, the dummy and the
fader being joined by appropriate
shafting. In certain installations auxili-
ary change-over switching mechanisms
are placed in the dummy control unit.

In designing the various mechanical
features of the fader, it should be
borne in mind that motion picture
theaters are scattered far and wide
over the land and that a large majority
of them do not have immediate ac-
cess to a trained technician. Unlike a
vacuum tube or a photo-electric cell,
a defective fader cannot be replaced or

*0p. cit.

repaired in a moment’s time. A failure
of this device would seriously interrupt
a program schedule.

It is, therefore, of paramount im-
portance that, in conjunction with
the amplifiers and associated equip-
ment, the fader be rugged in construc-
tion and as free from service troubles
as good design, workmanship, and ma-
terials can insure. The containing cabi-
net and switching mechanism should
be ruggedly built and rigidly mounted
so that they will withstand an indefi-
nite amount of ordinary handling.

If a dummy control be used, there
must be no appreciable backlash be-
tween the dials of the dummy and mas-
ter units. Early types of faders made
use of a rack and pinion drive between
the units. This was soon found to
be unsatisfactory and was superseded
by bevel gears and shafting equipped
with universal joints to relieve in-
accuracies in the mounting alignment.
The most recent design, introduced by
the General Radio Company and il-
lustrated in Figures 1 and 8, eliminates
the need for bevel gears and requires
only straight shafting and universal
joints between the dials of the master
fader and the dummy control.

It has been found that a properly de-
signed step-by-step contact switch is
quieter and more reliable in its elec-
trical operation than the ordinary form
of continuously-variable slide wire.

Care must be taken, however, in the
proper choice of materials for the con-
tact studs and brushes in order to ob-
tain a combination which shall be free
from oxidation which might introduce
erratic contact resistances. Minute
current variations produced thereby,
after enormous amplification, would
introduce, especially at high volume
levels, a disagreeable scratching noise
in the loud speakers whenever the fader
was manipulated or subjected to

jarring.
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URING the past few months
D the General Radio Company

has been making extensive
changes in its organization for the
handling of engineering information.
These changes have made necessary the
combining of the July and the August
issue of the Experimenter.

& & * *

Those readers of the Experimenter
who followed the discussion of the new
General Radio system for determining
frequency that was described by J. K.
Clapp in the March and April issues
will be interested in knowing that more
data 1s now available. The name
“‘Standard-Frequency Assembly” has
been given to this combination of
working standard, multivibrators, and
timing mechanisms.

Copies of the new descriptive litera-
ture may be obtained by writing for the
Supplementary Information Sheets of
the goo-series. At the same time,
the particular problem in the measure-
ment of time or frequency which
interests you should be mentioned.

ES % ES *

There will be enclosed with the Sep-
tember issue of the Experimenter a
return postal mailing card upon which
readers will be asked to indicate
whether or not they wish to continue
upon the mailing list. We mention this
now so that you may be looking for it.

* # ¥ £

In Mr. Burke’s article on the meas-
urement of mutual-conductance he
states (page 5) that the TypPeE 443
Mutual-Conductance Meter may be
used to make measurements upon
tubes having plate currents as great as
250 milliamperes. This holds true only
for instruments bearing a serial number

EpiTor

of 73 or higher. Those with a smaller
serial number have a maximum cur-
rent-carrying capacity of about 65
milliamperes.

Anyone having a meter with the low
plate-current rating who wishes to
convertitinto one with the high-current
rating, may do so by replacing the
plate resistor R,. The price of the
replacement resistor is $1.00. When it
is installed by the General Radio
Company, there is an additional charge
of $3.00 to cover the cost of labor.
There is no reason why anyone who
can do a good job of soldering should
not make the change for himself.

* * * *

In the June issue of the Experimenter
we presented a few preliminary specifi-
cations about three new testing in-
struments that the General Radio
Company was preparing to manufac-
ture for radio service laboratories.

The situation with respect to the
Type 360 Test Oscillator and the
Tyre 404 Test-Signal Generator re-
mains practically unchanged. The for-
mer is, however, about to go into
production, pending an inspection by
the Radio-Victor Corporation of Amer-
ica to see whether it meets the service
testing requirements of the Radiola
superheterodyne receivers. It will be a
general-purpose testing instrument for
use with all types of receiving sets with
additional circuits for testing super-
heterodynes.

The price will be $110.00. Orders are
now being accepted for delivery Octo-
ber 10, and final specifications will be
announced in the next issue of the
Experimenter.

The following is quoted from the
preliminary description of the Type
404 Test-Signal Generator that ap-

L]
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peared in the June issue of the Experi-
menter: ‘It will have a modulated
vacuum-tube oscillator capable of be-
ing operated at any frequency in the
broadcast band. Across the output of
this oscillator will be connected an
attenuator or voltage divider so that
known radio-frequency voltages may
be impressed upon the input circuit
of the receiver. By measuring output
power . . . an approximate frequency-
response curve may be obtained for
the receiver.”

The price and delivery date of the
TyrE 404 Test-Signal Generator will be
made later on.

& e g N

The Typre 598 Fader illustrated on
page 11 is the newest design of fader
that the General Radio Company is
building for the talking motion picture
industry. For a forthcoming issue of
the Experimenter we are preparing a
descriptive summary of the faders and
of the resistance networks capable of
being adapted for use as faders, which
are manufactured by this company.

The Type 598 Fader is built only
to order. Prices will be quoted on appli-
cation.

% k% %

The General Radio Company takes
pleasure in announcing that Harold S.
Wilkins joined its staff on July 1, as a
member of the Engineering Depart-
ment, specializing on mechanical de-
sign problems. Mr. Wilkins was gradu-
ated from the course in electro-chemical
engineering at the Massachusetts In-
stitute of Technology in 1914. He has
been with the Bureau of Mines and
with the Chemical Warfare Service of

Rapio EXPERIMENTER

the U. S. Army. Since 1919 he has
been engaged in mechanical and elec-
trical engineering work for Gray and
Davis of Cambridge, H. C. Dodge,
Inc., and the S. A. Woods Machine
Company of Boston. In the year just
passed he has been conducting a con-
sulting business and making experi-
mental investigations on electrical
refrigerators, oil burners, and house-
hold appliances.

Mr. Wilkins is now working on
several new instruments, among which
1s a new synchronous-motor-driven
clock that will supersede the TypE 411
Synchronous Motor.

CONTRIBUTORS

The contributors to this issue of the
Experimenter are all members of the
General Radio Company’s Engineering
Department:

Cuarres T. BurkE, S.B., Massachu-
setts Institute of Technology, 1923,
S.M., 1924. - - Engineering Depart-
ment, General Radio Company, 1924 to
date.

Joun D. Crawrorp, S.B., Massa-
chusetts Institute of Technology,
1927. » » The  Technology Review,
1927-1929. - - Engineering ~ Depart-
ment and Editor, General Radio Ex-
perimenter, General Radio Company,
1929.

Horatio W. Lamson, S.B., Massa-
chusetts Institute of Technology, 1915.
» » A M., Harvard University, 1917.
Physicist and Radio Engineer, U. S
Navy, 1917-1921. - - Engineering De-
partment, General Radio Company,
1921 to date.

The General Radio Experimenter is published
each month to furnish descriptions of the latest de-
velopments in General Radio apparatus and to dis-
tribute useful engineering information. It is sent
without charge to interested persons. Address re-

quests to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS
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IMPROVING THE

PRECISION OF SETTING IN A

TUNED-CIRCUIT WAVEMETER

By James

HE difficulty in observing accu-

rately the true resonance setting

of the variable condenser in a
tuned-circuit wavemeter is known to
any one who has attempted to make
precision measurements by looking for
the current maximum. The peak of the
resonance curve is so flat that the pre-
cision of setting the condenser is often
far less than the inherent accuracy of a
high-grade tuned-circuit wavemeter.
These difficulties have led to the de-
velopment of the incremental capacity
method for indicating resonance and to
its being included in the General Radio
Company’s Type 224-R Precision
Wavemeter,* a special instrument to
cover the high-frequency bands.

The essentials of the circuit are in-
dicated in Figure 1, where the fixed
inductance L, the variable condenser
C, and the thermogalvanometer / make
up the usual wavemeter circuit. The
fixed air condenser (marked AC, for
incremental capacity) and the push-
button switch are the additional ele-
ments for making possible a more
precise adjustment of C. The by-pass

*Although the Type 224 Precision Wave-
meters have for some time been calibrated both
in frequency and in wavelength, they are still
known as wavemeters for catalog purposes.

K. CrLarp

condenser, shown in dotted lines,
makes the readings of the thermo-
galvanometer more nearly constant
over the frequency range.

When testing for resonance by the
incremental capacity method, the main
tuning condenser C (which is of the
worm-drive precision type) is slowly
adjusted, and the push-button switch is
alternately opened and closed. There
will be found an adjustment of C
where the thermogalvanometer reading
does not change when the push button
is operated. This is the desired ad-
justment.

The principle of this procedure is
shown in Figure 2, where /1 and /.
correspond to the two settings of C,
Ciand Cs. Since /1 and /2 are equal, the
thermogalvanometer shows no change
in reading when the push button is
operated. The scale reading of C, corre-
sponding to C1, is taken as the calibra-
tion setting for the frequency in ques-
tion. This is allowable, since, in a given
wavemeter circuit, there is a definite
relationship between Ci, which corre-
sponds to the scale setting observed,
and Co, which corresponds to the true
resonance condition. >

Suppose the main condenser C to be
set at a value of capacity slightly less

L% ]
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F1cure 1. Circuit for a tuned-circuit wavemeter
to be used with the incremental capacity method
of indicating resonance

than C (see Figure 2). The correspond-
ing current is /1 which is less than 7.
When the push button is depressed and
the condenser AC is shunted across
C, there results /’», which is greater
than /s. For this setting of C, operating
the push button causes the current to
change from 7’1 to I'.. This change,
which is quite noticeable, makes possi-
ble a precise adjustment of C.

When using this method, it is only
necessary to observe how the current 7
behaves when the push button is oper-
ated in order to tell whether the setting
of Cis too high or too low. If the setting
of C be too low, depressing the push
button will 7n¢rease the reading of 7; if
the setting of C be too bigh, depressing
the push button will decrease the
reading of /.

A wavemeter which has been con-
structed and calibrated for use with the
incremental capacity method must be
used with some care and caution, since
itis not in resonance with the frequency
being measured for either position of
the push button. The ordinary wave-
meter calibrated for maximum deflec-
tion of the thermogalvanometer 7 is
intended to be in resonance.

Inasmuch as a tuned-circuit wave-
meter is coupled to the circuit being
measured, the coupling coils of the
wavemeter and of the measured circuit
are, in effect, the primary and second-
ary windings of a transformer. The im-

THe GeENErAL Rapio EXPERIMENTER

pedance of the wavemeter circuit is
reflected into the oscillator circuit by
“transformer action,” the magnitude of
the reaction depending upon the value
of coupling between the two circuits.
For close coupling the reflected im-
pedance may be large enough to mate-
rially modify the effective impedance of
the oscillator circuit. It should, there-
fore, be apparent that when a wave-
meter is coupled to an uncontrolled
vacuum-tube circuit,* the wavemeter
may react upon the oscillator and
change its frequency.

When the wavemeter is in resonance,
the impedance reflected into the oscilla-

C—

Ficure 2. Typical resonance curve showing the
operation of the incremental capacity method

tor is non-reactive and little damage is
done because pure resistance intro-
duced into an oscillator circuit causes a
frequency change that is entirely
negligible. If the wavemeter be out of
resonance, the reflected impedance has
an appreciable reactive component
which alters the reactance of the oscilla-
tor circuit, and consequently alters the
frequency of the oscillator.

The reactance reflected into the os-
cillator circuit depends upon the
amount by which the wavemeter is de-
tuned, for a given value of coupling.
The de-tuning is dependent upon the
ratio of the incremental condenser,

*One whose frequency is determined by the
reactance of the tuned circuit, in other words.
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AC, to the variable condenser C. As
the value of C is changed in adjusting
the wavemeter over its range, the reac-
tion of the wavemeter on the oscillator
also varies. By choice of the value of
coupling employed with each setting
of the wavemeter, the reaction may be
kept at a small and practically constant
value.

The precision with which readings
may be taken with a wavemeter fitted
with this incremental condenser is
remarkably high, of the order of one
part in 20,000. This means that an
oscillator could be set to within 1000
cycles of a desired frequency in the
vicinity of 20,000 kilocycles, or 15
meters. The absolute accuracy of the
wavemeter involves such factors as the
permanence of construction of the coils
and variable condenser and the changes

SEPTEMBER, 1929 3

in the constants of the circuit with
temperature.

It must be borne in mind that the
rating of the oscillator has nothing to
do with the shift in frequency that will
be caused by improper handling of the
wavemeter. If the wavemeter is coupled
to g-watt and 1000-watt oscillators
having identical tuning characteristics,
then the wavemeter will cause the same
shift in frequency in both for the same
values of wavemeter-oscillator coupling.

For this reason, the push-button
type of wavemeter must be used with
care and the coupling kept as small
as possible. Ordinarily no difficulty is
encountered when measuring the
frequency of a transmitter if the wave-
meter be coupled to the power am-
plifier following any form of master-
oscillator.

I'i1GuRrE 3. A special Type 224-R Precision Wavemeter equipped with a push-button switch
3 I + quipp P
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A RADIO-FREQUENCY DRIVER FOR THE
SERVICE LLABORATORY

By Cuarvres T.

HE service laboratory which spe-

I cializes in the maintenance and

repair of radio receivers finds it-
self in a position very much like that of
the automobile garage. Present-day re-
ceivers are almost as complex as auto-
mobiles and it requires the same high
type of work to service both. There was
a time when anyone owning a few
wrenches and a tire pump could set
himself up as an automobile service
station, but that day is gone. Garages
equipped with many kinds of special
tools are able to perform work so much
cheaper that the man without equip-
ment must often charge less than his
cost in order to compete.

There was also a time when all that
one needed to service a radio receiver
was to possess a working knowledge of
two or three popular circuits and an
ability to handle a screwdriver and a
soldering iron. Only the simplest of
tools were required. The radio-fre-
quency section of most receivers con-
sisted of a relatively simple set of
tuning controls which operated the
detector tube; or, if there were radio-
frequency amplifiers, each one had its
own control. Troubles were easy to
localize when one could get at all the
connections.

The modern radio receiver with
ganged tuning controls and chassis
construction presents a much more
difficult service problem. Ganged con-
trols and concealed wiring make it
troublesome in many cases to use obso-
lete cut-and-try methods. Besides, the
cost of doing service work must now be
taken into consideration. The owner of
a radio set looks upon it as a finished
instrument installed in his home to give
him entertainment. From his point of

Burke

view, it should be as foolproof a device
as the phonograph or the automobile,
and he will not pay for the expense of
tearing down his set whenever minor
troubles develop.

There are now available on the mar-
ket instruments for making service
tests which not only make it possible to
do more work in less time, but also to
do a materially better job of it.
Whether or not the service man will
equip himself with good instruments or
depend upon cut-and-try methods is
a question that he must settle for him-
self, purely on a basis of cost. If one
service manin agiven locality makes use
of the best available testing equipment
and is enabled thereby to do better
work at a lower cost than his competi-
tor, the competitor will be forced to
adopt similar methods or else go out of
business. Many of these helps the
service man may construct for himself,
but here again, he must decide whether
he has saved anything by building his
own after allowing for the cost of his
time.

The troubles that may arise in a
modern radio receiver may be roughly
classified into the following three
groups: (a) those due to defective tubes,
(b) those due to defects in the audio-
amplifier system, and (c) those that ap-
pear in the radio-frequency amplifier
and detector units. Tube troubles will
be disclosed by any one of a number
of testing units now on the market;
many audio-amplifier troubles may be
quite satisfactorily investigated by
simple direct-current continuity tests.
For making checks upon the radio-
frequency system, however, the funda-

L4]
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mental testing device that must be
used is a modulated radio-frequency
oscillator, for furnishing a test signal at
one or more points in the broadcast
band.

When neutralizing, when adjusting
trimming condensers, when aligning
gang tuning controls, when making
general radio-frequency continuity
tests, and when making any one of a
number of other investigations in the
absence of a reliable signal from several
different broadcasting stations, a test
oscillator is an absolute necessity if an
intelligent test is to be made. Since
practically every one of the new re-
ceivers uses a complicated radio-fre-
quency amplifier, the importance of a
radio-frequency driving circuit for the
service laboratory needs no further
emphasis.

[11

To meet the demand for a general-
purpose driving oscillator, the General
Radio Company has developed its
TyrE 360 Test Oscillator shown in Fig-
ure 1. This instrument consists of a
modulated radio-frequency oscillator
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Ficure 1. The TypE 360 Test Oscillator

which will operate at any point in the
broadcast band (550 to 1500 kilocycles)
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F1Gure 2. Functional schematic diagram for the T'yre 360 Test Oscillator
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and in-addition, it delivers a signal at
175 and 180 kilocycles for making tests
upon the intermediate- frequencs stages
of superheterodyne receivers.

The frequency of the test oscillator
in the broadcast band is adjusted by
means of a variable condenser whose
dial is calibrated directly in frequency
(kilocycles) with an accuracy of 2 per
cent. This makes it possible to know in
which part of the broadcast
band the test is being made.
It also makes possible the
approximate calibration of a
receiver.

The two test frequencies
at 175 and at 180 kilocycles
are made available by a
selector switch, which takes
care of the necessary changes

the tuned circuits. A small

mits varying the oscillator
frequency over a band of
about 4 kilocycles on each
side of the specified channel
is included in the circuit. The
channel frequency is adjusted
by the General Radio Com-
pany to the specified value
with an accuracy of plus or
minus 0.2§ per cent.

The driver is modulated
at a frequency of approxi-
mately 8oo cycles by means
of a grld leak and condenser. This
is, of course, supplied so that some
kind of a signal-indicating device
(phones or voltmeter) may be used in
the output circuit of the detector tube
or of the audio-frequency amplifier to
show resonance. This system provides
complete (100 per cent.) modulation.
It must be remembered, however, that
the test oscillator is intended for gen-
eral testing rather than for making
quantitative measurements.

The Type 360 Test Oscillator is
provided with an output voltmeter for
showing when an adjustment on the

Ficure 3. Novel test
tool for use with the
Type 360 Test Oscil-

lator

receiver results in a maximum output.
The output voltmeter is the same one
that is used in the Typre 486 Output
Meter which was described in the July-
August issue of the General Radio Fx-
perimenter. 1t consists of a direct-cur-
rent micro-ammeter in conjunction with
a double-wave rectifier of special de-
sign. This type of instrument has con-
siderable value in alternating-current
measurements, since it per-
mits the building of low-
range instruments of high
resistance.

The output device is
brought to pin-jacks on the
panel for connection to the
output circuit of the radio
receiver under test. A resist-
ance network which offers
an impedance of 4000 ohms
is provided for use with the
voltmeter when testing a
receiver designed for use with
a high-impedance (cone-
type) speaker. The voltmeter
is connected directly across
a low-impedance (dynamic)
type of speaker, and a selec-
tor switch is provided to
choose between the two con-
nections. The output volt-
meter is intended only for
the indication of optimum
adjustment and is not de-
signed for quantitative measurements.
There is also provision for connecting
a pair of telephone receivers into the
output meter circuit.

The equipment provided with the
Type 360 Test Oscillator includes
the necessary leads, long- and short-
handled insulated screwdrivers, and the
test tool illustrated in Figure 3.

The test tool consists of a bakelite
rod with a heavy closed loop at one end
and a flat spade at the other. In align-
ing a stage of radio-frequency amplifi-
cation in a receiver, the loop end is
brought into the field of the coil, the
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closed loop acting as a short-circuited
turn to reduce the inductance of the
coil. Should this test cause an increase
in signal strength, the trimming capac-
ity in the stage should be decreased.

The flat end of the tool is intended to
be brought near the tuning condenser
of the stage being tested, the resulting
stray capacity to the tool increasing the
effective capacity of the tuning con-
denser. A decrease in signal strength
indicates that the tuning capacity for
the stage is either correct or too large;
an increase in signal strength indicates
that the tuning capacity is too small.
This method of test, which is suitable
for all receivers where the parts are
sufficiently accessible, greatly facili-
tates the task of aligning the receiver,
since it shows exactly how the trimming
condenser should be adjusted.

The Tyre 360 Test Oscillator em-
ploys one 112-type tube which requires
a 6-volt storage battery and 45 volts of
plate battery to operate it. The neces-
sary connection leads are provided. A
hand-hole covered by a metal plate is
located in the base of the cabinet so
that the tube may be inserted with-
out removing the panel. There is a
small pilot light to show when the
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filament of the oscillator tube is lighted.

The test oscillator is coupled to the
receiver under test by a single lead-
wire provided with the instrument. It
is intended that it shall be placed far
enough away from the receiver to mini-
mize spurious couplings, even though
the receiver be poorly shielded.

IV

Last year, it will be remembered, the
General Radio Company built a test
oscillator particularly for use in making
adjustments upon the Radiola super-
heterodyne receivers. There was a test
signal at 180 kilocycles and one at
either end of the broadcast band. This
instrument is now obsolete, its place
having been taken by the TypPe 360
Test Oscillator. Although it is similar in
many ways to the old one, the new test
oscillator is distinctly a general-purpose
testing device for use with any kind of
receiver whose radio-frequency ampli-
fiers are tuned to frequencies within the
oscillator’s working range.

The price of the Tyre 360 Test Os-
cillator is $110.00, its size is 1034
inches by 1034 inches by 7 inches, its
weight is 1114 pounds, and the code
word is OVATE.
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FIGURE 4. Diagram showing the wiring details for the TyrE 360 Test Oscillator
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By Tue
NCLOSED with this issue of the
Experimenter is a postal card
upon which you are asked to
report to us whether or not your name
and address appear correctly on our
stencils. The card will also give you
an opportunity to indicate whether
you wish to continue on the mailing list.
Please print or typewrite your entries
on the card and return it promptly in
order to insure your receiving the Oc-
tober issue. Our new mailing list will be
made up from the returned cards.

This year’s superheterodyne receiv-
ers have intermediate-frequency ampli-
fiers tuned to 175 kilocycles; last year’s
models operated at 180 kilocycles. The
General Radio TypE 320 Test Oscilla-
tor (no longer manufactured) may be
modified to supply the new test fre-
quency. There is a charge of $8.50
net for this service, which may be per-
formed only at our factory.

Instruments returned for modifica-
tion should be carefully packed, shipped
express prepaid, and bear the name and
address of the sender. They should be
accompanied by a letter stating exactly
what changes are to be made.

This repair work will not convert a
Type 320 Oscillator into a TypE 360
Test Oscillator; the latter is an entirely
different instrument.

Eprror

The General Radio Company takes
pleasure in announcing that on Septem-
ber 3 Arthur G. Bousquet joined its
Engineering Department. Since his
graduation from the course in electrical
engineering at Tufts College with the
Class of 1928, he has been with the
Bell Telephone Laboratories, Inc., in
the Apparatus Development Depart-
ment.

CONTRIBUTORS

Both contributors to this issue of
the Experimenter are members of the
General Radio Company’s Engineering
Department:

James K. Crarp, S.B., Massachu-
setts Institute of Technology, 1923;
S.M., 1926. -~ Marconi Wireless Tele-
graph Company, 1914-16. ++ United
States Navy, 1917-19, foreign service
1918-19. -+ Radio Corporation of
America 1920, also 1922—23. ~ Instruc-
tor in electrical communications, Mas-
sachusetts Institute of Technology,
1923-28. rr Kngineering Department,
General Radio Company, specializing
in the development of apparatus for
the precision measurement of frequency
1928 to date.

Readers of the Experimenter will
recognize CHARLES T. BURKE as a
previous contributor to the magazine.

The General Radio Experimenter is published
each month to furnish descriptions of the latest de-
velopments in General Radio apparatus and to dis-
tribute useful engineering information. It is sent
without charge to interested persons. Address re-

quests to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD
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A LOW-FREQUENCY OSCILLATOR
By L. B. ARGuiMBAU

ECENTLY the increased atten-
R tion paid to the operation of
broadcast circuits at the lowest
audible frequencies has created a
demand for measuring equipment to
cover this range. With this in view
the General Radio Company has
extended the frequency range of its
Tyre 377 Low-Frequency Oscillator to
include all frequencies lying between
25 cycles and 70,000 cycles.

At the same time that this change
was contemplated it was thought
desirable to design the new oscillator
for use with one particular type of
tube to operate under fixed battery
conditions. In the Type 377 Low-
Frequency Oscillator the choice of
tubes and their operaging points was
left to the user for the added flexibility
thereby obtained. In many cases,
however, the general recommendations
given were not followed; high-power
tubes were used with incorrect operat-
ing conditions, and the oscillator was
seriously overloaded with resultant
distortion. It was believed that this
situation could best be avoided by
settling on definite operating condi-
tions, providing an instrument with
the power level best adapted to the
average user, and employing additional
amplification if needed in special cases.

i

Before going into a discussion of the
characteristics of the new Tyre 377-B
Low-Frequency Oscillator, it may be
of interest to outline briefly the theory
of its operation so that the necessity
for certain adjustments may be better
appreciated.

Consider the amplifier circuit shown
in Figure 1. In accordance with the
usual tube theory, a small sinusoidal
voltage ¢, applied to the grid will
be amplified in the customary way,
giving rise to a slightly distorted
plate-current wave. Most of the higher
harmonics are filtered out in the tuned
circuit so that the voltage ¢, across
the transformer secondary will be
essentially sinusoidal. If the resistance
R is properly chosen, this secondary
voltage can be made exactly equal to
the applied grid voltage. When this
has been done, we may connect the
circuit as shown in Figure 2, and
oscillations will be sustained. The
departure of the grid voltage from a
sine wave depends upon the magnitude
of the swing and operating point and
also upon the selectivity of the tuned
circuit. Just as in the usual amplifier
theory, the least distortion will be
present when the grid-voltage-plate-
current characteristic of the tube is
essentially straight.

]
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Ficure 1. Vacuum-tube amplifier with input
voltage ¢, and output voltage e,

It has been found that the grid
current in an oscillator tube provides
a remarkably simple and accurate
means for estimating the amplitude of
oscillation. For a given grid current,
we can say that the grid swing has a
definite value, regardless of the char-
acteristic of the coil and the frequency
chosen. Hence, if R is adjusted to give
a predetermined grid current, the grid
will be operating at a given swing, a
consideration of prime importance
when the signal is to supply an amplifier
tube.

For those who may be interested, a
brief sketch of the details is given in
Appendix A. The important point to
be noticed is the close analogy between
an oscillator of this type and a tuned
amplifier. Further application of this
analogy can be made to account
exactly for the waveform obtained
and for the variation of frequency
with operating point, but this is too
involved to be of interest.

The circuit finally adopted for the
TyrE 377-B Low—Frequencv Oscillator

is shown schematically in Figure g

where it will be noticed that this
follows the outline given above. An
adjustable 100 ,000-ohm rheostat R

is used as a feed back resistance and it
should be adjusted to give a grid
current of 30 micro-amperes (as indi-
cated on a 0-200 micro-ampere meter
mounted on the panel). The 50,000-
ohm plate-supply resistance 7 provides
a good coupling device and at the
same time limits the oscillator plate

Tue GENErAL Rapio EXPERIMENTER

current to about 2 milliamperes. In
Figure 3 a tuned-plate oscillator is
shown. In practice it was found desir-
able to use a Hartley circuit for the
lower end of the range, using the tuned-
plate circuit at higher frequencies.

It will be noticed that the output
power is taken off across a slide-wire
potentiometer in the plate circuit of
the last tube. This was done for two
reasons: to prevent interaction with
the oscillator tube and to prevent the
waveform from varying excessively
with the output setting. It should be
noticed that this arrangement makes
the effective output impedance of the
oscillator depend upon the potenti-
ometer setting. In a few isolated cases
(such as measurements on harmonic
production in non-linear circuits) this
is undesirable, but for all ordinary
purposes it causes no difficulty. Meas-
urements on harmonic production and

Ficure 2. The amplifier of Figure 1 becomes
an oscillator when its input voltage is supplied by
the output circuit

e

allied phenomena require special pre-
cautions, and no ordinary coupling
device should be wused without a
careful consideration of its effect on
the circuit being studied. In all meas-
urements on linear circuits where the
effect of harmonic flow is of no inter-
est, the impedance of the generator
tube need not be considered; by proper
connections, any source 1mpedance
from zero to an arbitrarily large value
can be simulated. This matter is
treated at length in the November issue
of the Experimenter.
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Ficure 3. Front of panel view

of Type 377-B Low-Frequency

Oscillator. It is mounted in a
heavy hinged-back cabinet

Recognizing that the needs of differ-
ent users will vary somewhat, provision
has been made for using either one or
two amplifier tubes. If only a small
amount of power is needed and it is
desired to reduce battery drain to a
minimum, only one tube need be used;
the total plate current will then be
about 10 milliamperes. Without any
change in the circuit, a second tube
may be added in parallel; in this case,
the plate current will then be about
16 milliamperes. Typical output
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characteristics for these two
are shown in Figure 6.

A series of measurements has been
made with a harmonic analyzer to
determine the dependence of waveform
on operating conditions. These meas-
urements show that the voltage wave
given by the oscillator tube itself
contains no harmonic having an am-
plitude larger than o.5 per cent. of the
fundamental. On the other hand, the
amplifier has been designed to deliver
rht’ maximum amount Of- p()\’\'el' con-

cases

FiGuRre 4. This photograph
shows the internal construc-
tion of the Tyee 377-B
Low-Frequency Oscillator
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sistent with the usual requirements on
waveform. Harmonics introduced by
the amplifier may amount to 3 per
cent. of the fundamental. If much
better waveform is required, it is
necessary to reduce the signal level at
which the last stage is operating.
This may be accomplished by substi-
tuting a 1.0 megohm resistance for the
0.5 megohm unit in the place marked
A in Figure 5. This change reduces the
harmonics to 1.0 per cent. of the
fundamental, if the load resistance is
not less than 8ooco ohms.

The adjustment of the feed-back
resistance for constant grid current
helps to minimize the changes in
frequency due to operating condition.
Measurements on one particular oscil-
lator showed that for frequencies in
the neighborhood of 40 cycles, changes
in plate battery amounting to 2§ per
cent. made a change in frequency of
less than o.1 per cent. when the feed-
back was readjusted to give 30 micro-
amperes. If no adjustment was made,
the departure was less than o.3 per
cent. If the grid current was allowed
to depart by 1o micro-amperes from
the rated value, the frequency drift
was not more than o.3 per cent.
Changing the oscillator tube gave rise

to similar differences. At 25 cycles the
changes were about twice as large as
those mentioned (i.e., a maximum of
about one-tenth of a cycle).

These figures refer to frequency
changes covered by tubes and operating
points. Ageing effects may be larger
but they should never exceed 3 per
cent.

APPENDIX A

Consider the amplifier circuit shown
in Kigure 1. Assume a sinusoidal vol-
tage ¢, impressed on the grid. When
this swing is very small, we may treat
the circuit in accordance with the usual
tube theory, considering the tube as a
sinusoidal generator ue, in series with
a resistance 7, the internal plate im-
pedance of the tube. Neglecting the
effect of the shunt resistance » and
the condenser C* we may write for

* By the use of Thévenin’s Theorem we may

eliminate the effect of the parallel resistance r
and the condenser C by making the substitutions,

I I

1

'= r and r,/= o lro—71—>
m e 3 I+7" L s

using these new quantities in place of u and 7.
It will be noticed that this has little effect when

I
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Ficure 5. Functional schematic diagram for the Type 377-B Low-Frequency Oscillator
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Ficure 6. Power output of the oscillator as a function of load resistance

the magnitude of the voltage across the
secondary,

@ ___7’12. Zl
. n 7",+R+Zl

Z, is the impedance -of the parallel

(1)

. #t’g .

circuit, and :j is the turns ratio of the
1

transformer. Even though some dis-
tortion is produced by variations in
plate resistance introducing harmonics
in the plate current, the voltage across
the tuned circuit Z, will be very nearly
sinusoidal. (Actually, the harmonics
at this point can be kept below 0.5 per
cent.) It is to be noted that for a given
tuned circuit and tubes (i.e., given Z,
and r,), the secondary voltage can be
regarded as a function of the coupling
resistance R. In particular, if Z; is
sufficiently high we can choose R in
such a manner that the secondary
voltage e, is equal to the applied grid
voltage ¢, When this has been done we
may rewrite (1):

7-,,+R=<,,’i?—x)z,.
ny

Actually, of course, this is not the
whole story. In practice the amplitude
will adjust itself until the dynamic
plate impedance satisfies the above
equation. By properly choosing R,
however, we can select any such
equilibrium position, thereby fixing the
amplitude. The flow of harmonics out-
of-phase with the fundamental will
introduce a reactive component in the
plate impedance and cause the fre-
quency to assume such a value as to
give an equal and opposite phase shift
in the tuned circuit. This phase shift
will be obtained in the case of a sharply
resonant circuit by a much smaller
percentage change in frequency than
1s the case in a broadly tuned circuit.

The commercial data for the Tyre
337-B Low-Frequency Oscillator are
the same as for the old design. Price,
also, remains unchanged.
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NOTES ON POWER MEASUREMENT IN
COMMUNICATION CIRCUITS

By Joux D.

ETERMINING the transmis-
D sion characteristics of com-

munications apparatus is, like
all other problems in measurement,
nothing more than the judicious appli-
cation of certain standardized defini-
tions. A possible difference may be
claimed in the fact that these quantities
are defined, for convenience, as the
logarithm of a ratio where almost
every one else would be content to
talk about the simple arithmetical
ratio. But to claim special privilege on
that score would be a most puerile
form of quibbling.

This kind of measurement is, after
all, the straightforward application
of engineering principles. It has a
technique and a system of definition
that are peculiar to itself, but so has
every specialized business. Yet, when
for the first time one is confronted with
the practical aspects of finding out
how the amount of power obtainable
from a system is affected by changes in
the circuit conditions, there is, seem-
ingly, an instinctive tendency toward
confusion.

The principal difficulties appear be-
cause standardized definitions have not
been readily available. One has had
to rely on piecemeal information, and
it is little wonder that there should be
confusion when one finds himself
unable to uncover satisfactory defini-
tions and criticize methods.

We have, therefore, prepared these
notes for the purpose of discussing
some of the difficulties. The first
section shows that an error may be
involved in blindly assuming that
voltage or current ratios may be sub-
stituted for power ratios when meas-
uring attenuation, gain, transmission

CRAWFORD

loss, etc. The second section describes
two commonly-used methods for mak-
ing any generator or oscillator simulate
a source of power having any im-
pedance characteristic.

I

The definitions for transmission
measurements such as various kinds of
gain, attenuation, and losses have one
thing in common: they all express,
in logarithmic form, the ratio between
two amounts of power. When and
under what condition the powers are
measured is a matter of definition with
which we shall not now concern our-
selves because we wish to emphasize
the generality of the following remarks.

First, consider the equation defining
the decibel in terms of the power
ratio, understanding, meanwhile, that
our emphasis upon power ratio is
necessary because the measured quan-
tities deal with power, not because one
unit has been arbitrarily defined that
way. We say that any two amounts
of power — #, and W, in Figure 1,
for example — differ by N _decibels
where

(1)

W,
N=10 logi —.
=
Now the equations linking the voltage,
current, and power in a power-absorb-
ing circuit are:

e =% and W=IZk=I'R, (2)

where #=absorbed power
E =voltage drop
Z=impedance
k= power factor
[ =current
R =effective resistance.

[6]
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Applying (2) to (1) we find (a) that

using currents,

1R,
N =10 logio 2R,
R
=120 logm +Io login =, (3a)
and that (&) using voltages,
N =10 logio 1szl—zologw——1
Bty E,
Z, k
+10 logi Z_:+1010gw /e_: (3b)
This may be summarized in the
following simple statement: When
measuring ratios between currents

and between voltages for expressing
these transmission characteristics, both
the nature and the magnitude of the
impedances must be taken into ac-
count.

In other words, if you measure the
currents, you must know the effective
resistances; if you measure the volt-
ages, you must know both the effective
resistances and the reactances of the
circuits with which you are working.
If the current or voltage ratios are
measured without taking into account
the impedance conditions, current ratio
measurements will produce an error

o Ry .

of 10 logy z decibels, and voltage
2

ratio measurements will \'1eld an error

of 10 log ——{—IO logw — decibels.

In this LOHHECUOH it is worth noting
that the impedance relations to be
satisfied are not necessarily the same
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as those implied by the phrases “equal
impedances” or “matched imped-
ances’’ when specifying the conditions
for maximum energy transfer or for
the elimination of reflection losses.

In order to anticipate protests from
readers who can, in effect, quote
Scripture to prove that the quantities
we have been discussing are based upon
voltage or current ratios, allow us to
make the following remarks:

In recognized text books the use
of voltage and current ratios is an
alternative to the use of the power
ratio, and the impedance conditions
are implied even if they are not stated
in so many words. Most of the classical
theory of transmission lines and net-
works is built up and taught on the
long-line basis: that is to say that a
transmission line, infinite in length
and with uniformly distributed con-
stants, is broken up into sections and
the behavior of each section studied.
The impedance at any junction be-
tween recurrent sections looking down
the line toward the receiving end is
the same as the impedance looking into
the same section at the preceding
junction. Since the impedances are the
same, the current ratios and the volt-
age ratios are equivalent to the power
ratio. Because this ratio of input to
output power happens to be the power
ratio of greatest interest, it is natural
that the voltage and current ratios
should be substituted. Here, the imped-
ance conditions are implied.

e | II IF

Ficure 2
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Another instance where the imped-
ance conditions are implied is that
where one of the loads is the high-
impedance input circuit of a vacuum
tube. Since the vacuum tube is, to a
first approximation at least, a voltage-
operated device, the power it absorbs
bears no particular relation to the
power it delivers. If, however, the power
in the ‘output circuit of the tube is
measured and compared with the
power delivered to the same circuit

with a different applied voltage, the
power ratio will have its true signifi-
cance. Presumably the power in the
output circuit of the tube is propor-
tional to the square of the grid voltage
and under these conditions, it is
perfectly proper to use the voltage
ratios (see Figure 2).

The second part of ““ Notes on Power
Measurement in Communication Cir-
cuits”  will appear in the November
issue of the Experimenter.

MISCELLANY

By Tue EpiTor

’ I \HE General Radio Company
takes pleasure in welcoming Rob-
ert K. Field, who joined its staff

on October 1. Mr. Field received his

A.B. from Brown University in 1906

and his A.M. the following year. He

taught physics and electrical engineer-
ing there until 1915, leaving to take
work at Harvard University, where he
was awarded an A.M. in 1916. From

1918 until the present, he has been

teaching at the Cruft Laboratory which

offers courses common to both the

Engineering School and the Depart-

ment of Physics at Harvard Univer-

sity. As Assistant Professor of Applied

Physics, he taught courses in communi-

cation engineering, specializing in elec-
trical measurements.

With the General Radio Company,
Mr. Field will undertake development
work on bridges and fundamental
standards of resistance, inductance
and capacitance, particularly at high
frequencies. He will also study the
applications of electrical measurements
to bio-physical problems.

CONTRIBUTORS

Both contributors to this issue of
the General Radio Experimenter are
members of the General Radio Com-
pany’s Engineering Department.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD
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NOTES ON POWER MEASUREMENT IN
COMMUNICATION CIRCUITS*
By Joux D. CRAWFOFD

NOTHER communication meas-
urement problem makes its
appearance when it is desired to

determine experimentally how much
power a given power source is capable
of delivering to a specified load or sink.
So long as the source itself is available
for test, it is merely necessary to set
up the equipment and make the meas-
urements. If, however, the source is
not available, some means must be
found of simulating it. At least two
methods for doing the job are avail-
able, and we propose to describe them.
Both are perfectly general: the
“source” may be a vacuum-tube oscil-
lator or a microphone or an incoming
transmission line; the “load” may be a
l()ud-speaker or an attenuation net-
work or an outgoing transmission line.
There are only two restrictions: the
“source” must supply a sinusoidal
voltage, and the impedance of the
“load” must not depend upon the
current in it.

A generalized smrement about net-
works called Thévenin’s Theorem gives
directly one of the methods for setting

* This is the second part of an article begun
in the October issue of the Experimenter. Al-
though complete in itself, this section depends
upon the introduction preceding Part 1.

[1

up a simulating source. We shall defer
stating it until later because it will
simplify matters to set up a specific
hypothetical problem, follow through
its solution, and with that as a basis,
state the general law. Our discussion
must be understood to be an attempt

% POWER
SOURCE Er 2Zgr
5 ok

‘I—" LOAD
R

FiGure 3

to show that Thévenin’s Theorem is
plausible without trying to prove it.
Consider, for example, the load
circuit shown in Figure 3. Its imped-
ance at a given frequency is Zg; the
voltage drop, current, and absorbed
power which correspond to Zy are,
respectively, Eg, Iz, and #x. Inasmuch
as Zg is assumed to be independent of

]
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I, we can make the obvious statement
that for any value of Zg, /' will de-
pend only upon the magnitude of Eg
(or of I, since E and [ are linked by
Ohm’s Law).

Now suppose that we want to de-
termine experimentally how much
power the load will absorb at different
frequencies from a given power source
which is not available for the tests.
What must we do in order to set up a
simulating source? We have just seen
that the only way a source can affect
W is to change Eg. Therefore, all we
need do to simulate the given source is
to make sure that, no matter what
value Z; may assume (as a result of
changing the test frequency, for ex-
ample), Eg for the simulating source
is the same as Eg for the source itself.
In other words, no power measure-
ments on the load could tell us which
of two sources was supplying power
if the terminal voltages (Eg) of each
were the same.

Let us also assume that the source
to be simulated is an alternator which
delivers a constant voltage at its out-
put terminals no matter what load is
thrown upon it.* Because of a high-
impedance line between the alternator

FiGure 4

and its load terminals, the voltage at
the load terminals depends upon the
size of the load. This condition 1s repre-
sented in Figure 4, where £ is the volt-
age of the alternator, G, and Z, is the

*An oscillator which could do exactly that

would be a curiosity, having, as we shall point
out later, a negligible “internal impedance.”

impedance of the line. Ey is therefore
always less than £ by E, the voltage
drop in Z,. In other words, /' depends
upon Z,.

From what has gone before, Z, may
be considered a part of a new load, Z'g,
having an impedance of Z,+Zy. The
power delivered to this new load will,
as before, be fixed if the voltage drop
across it 1s fixed. The generator, G,
delivers constant voltage under all
conditions of load, a fact which enables
us to build a simulating source. Since
the load cannot distinguish between
one generator and another if the im-
pressed voltages are the same, we can
take any generator, maintain its termi-
nal voltage equal to £ by manual
adjustment, and the power delivered
to Z'r will be the same for both the
actual and the simulating sources.
Furthermore, the voltage drop in Z.
will be the same under both conditions,
and the power delivered to Z; will be
the same as though it were connected,
to the original source. Therefore, we
have shown that any generator con-
nected in series with an impedance
equal to Z; will simulate this particular
source, if the voltage at the generator
terminals is maintained constant and
equal to E.

From the foregoing discussion we
may conclude that the presence of Z,,
the internal impedance for the given
power source, is the reason why
changes in the magnitude of Zy af-
fect the terminal voltage Eg. If Z, is
equal to zero, Er would be constant
and equal to £, the open-circuit voltage
of the source; but if Z, is not zero, then
every decrease in the magnitude of Zg
causes Er to be less than E by the
voltage drop in Z, = I Z. Furthermore,
any generator or any source behaves as
though it had no internal impedance
if its terminal voltage is maintained
constant.

Suppose that G were not a constant-
voltage generator, or, in other words,
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Two methods for simulating a power source when its open-circuit voltage E=1Z and its

internal impedance Z are known. LErT: Constant-voltage method. RicuT: Constant-current method

suppose that its terminal voltage E
depended upon the amount of current
taken by the load. This would, of
course, indicate that somewhere ahead
of its output terminals there existed an
appreciable impedance. To simulate
this new source we would proceed ex-
actly as before: maintain the simulat-
ing-generator voltage constant and
equal to the open-circuit voltage of
the source and connect in series with
it an impedance equal to Z;+Z,, the
sum of the internal impedance of G
and the impedance of the intervening
connecting wires.

It is now time to discard all of our
labored attempts at a simple and or-
derly development to state the general
law about which we spoke at the be-
ginning of this section. It is a corollary
of Thévenin’s Theorem, a theorem that
is capable of a formal proof with which
we shall not concern ourselves here.
Thévenin’s Theorem permits us to
state that amy power source can be
simulated (Figure 5) by a generator
with a terminal voltage £ connected in
series with an impedance Z; E being
equal to the no-load or open-circuit
voltage of the source and Z being equal

to the impedance of the source as seen
Jfrom its output terminals. This can be
verified experimentally for a simple
source like the one we have been dis-
cussing by connecting an oscillator to a
load of adjustable but known imped-
ance and observing its terminal volt-
age as a function of delivered power or
of load impedance or of current. Errors
due to bad waveform and overloading
in the oscillator must not be allowed
to enter.

The diagram at the right in Figure
5 shows the second simulating method
and although it does not follow directly
from Thévenin’s Theorem, it can be
shown to be entirely consistent with it.
In the second method, constant cur-
rent is maintained through the parallel
circuit formed by Z, the impedance of
the simulating source, and the load
impedance; the constant current being
such as to make the no-load voltage
drop across the simulating impedance
equivalent to the no-load voltage of
the power source. If we can show that
for any value of Zy the voltage Ey is
the same for both the constant-current
and the constant-voltage methods, the
two are equivalent.
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Imagine that both circuits are ter-

minated in a load Zg:
(a) for constant-voltage method,

. E EZ
ix=IrZr= 55 )=
I[\ ]R R <Z+ZR)ZR Z—{—ZR’
(b) for constant-current method,

i ZeZ \_E( ZeZ \_ EZy
e TN R R e

If the voltage of the source is non-
sinusoidal or the impedance of the
load is non-linear (i.e., a function of
current), special care must be used in
applying these simulating methods.
The same care must be exercised when
studying transient effects, since our
discussion has been tacitly limited to
the steady-state condition.

A NON-POLAR RELAY

Figure 1. TypE 507-A Non-Polar
Relay, typical of both types

S their names indicate, the new
Typre 507 Non-Polar Relays
contain an armature that is not

permanently magnetized. They do not,
therefore, distinguish between the two
directions of current as does the TyPE
481 Low-Current Relay.* Their prin-

cipal use is in cases where contacts of

low current-carrying capacity must
control heavier currents, as in the TypPE
547-A Temperature-Control Box.
There are two of the new Non-Polar
" *C. T. Burke, “A New Relay,” General Radio
Experimenter, 111, February, 1929.

numbers
Their

bearing the

Relays,
qo/-~\ and 507-B, re%pectnel\
qpeuhcanons are as follows, currents
given corresponding to positive opera-
tion in either vertical or horizontal

ty pe

positions:

TyPe 507-A Non-Polar Relay. Cur-
rent to close, 10 mla. Current to open,
6 mla. Resistance (=5%), 250 ohms.
Code Word, N1TRE. Price $12.00.

Tyre 507-B Non-Polar Relay. Cur-
rent to close, 2 mla. Current to open,
1 mla. Resistance (=5%), 4000 ohms.
Code Word, NoBLE. Price $15.00.
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TEMPERATURE CONTROL FOR
PIEZO-ELECTRIC OSCILLATORS

UARTZ plates for use as stand-
ards of frequency in piezo-
electric oscillators must be kept
under temperature control if

constancy of frequency is to be ex-
pected. It is impossible to make a gen-
eral statement about the frequency of
such an oscillator as a function of the
temperature of the plate, because the
frequency-temperature coefficient va-
ries considerably with the way the
plate is cut. Even among plates of the
same ‘“cut” taken from the same
mother crystal, the coefficients are not
alike. It is, however, safe to say that
the frequency variations per Centi-
grade degree will average about 30
parts in a million with a possibility of
its being as great as 75 or 100 parts in a
million. The necessity for temperature
control where precision frequency
standards are to be maintained is
obvious.

On the question of temperature-con-
trol methods there are different points
of view taken by two groups. One says:
standardize on a definite operating
temperature, maintain it as closely as
possible, and specify the operating fre-
quency of the quartz plate at that
temperature. The other group says:
standardize on a nominal operating
temperature #zear which the tempera-
ture is to be maintained, and rely upon
making adjustments in the frequency
of the plate by changes in its tempera-
ture. Control equipment to meet the
specifications of both groups should
reduce variations in temperature to the
same minimum, but the second group
requires, in addition, a thermo-regula-

tor that can be readily adjusted to any -

value in the neighborhood of the stand-

ard temperature.
The General Radio Company holds
that with plates for frequency stand-

ards,* the temperature should be kept
constant and all adjustments of fre-
quency made by the use of an adjust-
able air-gap in the plate holder or by
changes in the circuit constants of the
oscillator itself. This attitude has much
to recommend it from the point of view
of both the manufacturer and the user
of high-precision quartz plates, for it
simplifies the problem of constructing
suitable temperature-control boxes and
makes for interchangeability of one
plate with another. It has an impor-
tant bearing upon the cost of adjusting
quartz plates, since the extra time and
labor involved in calibrating one plate
at 51.7 degrees and the next at 48.3
degrees (for example) is considerable.
The General Radio Company has es-
tablished 50.0 degrees Centigrade as its
operating temperature for standard
quartz plates, a value which is in ac-
cord with those established by other
American laboratories, civil and mili-
tary. This temperature is high enough
to make possible the operation of
temperature-control equipment in the
tropics without heat absorbers (refrig-
eration).

When it became apparent two years
ago that quartz plates of high precision
would be in demand, the General Radio
Company investigated the tempera-
ture-control equipment that was al-
ready on the market with a view to
adapting it to meet the following re-
quirements: (2) ability to maintain the
temperature to within one- or two-
tenths of a Centigrade degree over a
fairly wide variation in room tempera-
ture; (4) absence of circulating air and

* As distinguished from their use as controls in
oscillators where a maximum power output is one
of the first considerations. All General Radio
quartz plates are intended for use only in low-
powered oscillators.

5]
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oil baths; (¢) compactness; and (d)
ease with which modifications for
electrical connections could be made.

It may be of interest to note that the
range of permissible variations in room
temperature is a most important fea-
ture of any temperature-control unit.
Yet, strangely enough, it is one of the
specifications that is often overlooked.
A box which would control the temper-
ature to within one degree when the
room-temperature variations were lim-
ited to two degrees might show an en-
tirely different characteristic if the
room temperature were allowed to
change with the weather.

No commercial unit that met all of
the requirements being available, a
development program was begun which
has extended over an entire year, end-
ing with the design of the TyPE §47-A
and the TyPe 547-B Temperature-
Control Boxes shown in Figures 1 and
2. They are of the same construction,
differing only in the type of thermo-
regulators employed.

Both boxes are encased in walnut
cabinets within which are arranged (in

s TEMPERATURE

L »

order): a balsa wood insulating layer,
the heaters, an aluminum distributing
layer, an asbestos pressboard attenua-
tion layer, and a second casing of
aluminum which forms the tempera-
ture-controlled chamber. The inner
space is 4 inches by 4 inches by 35%
inches deep, and in it are two sets of
terminal blocks into which two TyPE
376 Quartz Plates may be plugged. A
switch on the front of the bakelite panel
allows a selection to be made. The
heaters are placed on all six faces of the
outer aluminum casing, the aluminum
tending to equalize the temperature
over the surfaces and reduce the
temperature gradient inside the con-
trolled chamber. Heater current is
supplied from any 110-volt main,
either alternating- or direct-current.

Of special interest to those desiring
temperature-control for use with Gen-
eral Radio piezo-electric oscillators is
the fact that the TyPe 547 Tempera-
ture-Control Boxes are intended to be
mounted on top of them. The cabinet
size is the same as that of the TyPE 275
Piezo-Electric Oscillator and a special

Ficure 1. TyPE §47-A Tempera-
ture-Control Box
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connecting bar is available for linking
the two units. A slight modification in
the Type 375 Station Piezo-Electric
Oscillator adapts it for use with the
new units in the same manner.

On the front of the bakelite panel
are mounted rheostats for controlling
the amount of power delivered to the
heaters. Depending upon their adjust-
ment, the power delivered to the unit
will range between 41 and 71 watts.

The TyPe 547-A Temperature-Con-
trol Box utilizes a mercury-type of
thermo-regulator which may be ad-

justed to operate at any temperature

between 40 degrees and 6o degrees
Centigrade. Once the regulator has
been adjusted, the temperature of the
air inside the chamber is held to within
=0.1 degree Centigrade for a variation
in room temperature of =20 degrees
Centigrade (=11 degrees Fahrenheit).
This temperature variation in a quartz
plate will keep the frequency of a
piezo-electric oscillator within limits
satisfactory for practically all purposes.
The thermo-regulator operates the
heater circuit through the relay shown
on the front of the panel, a six- volt bat-
tery being required.

Once the thermo-regulator in the
TyPE 547-A Temperature-Control Box
has been adjusted to the desired value,

Ficure 2. TyPE §47-B Tempera-
ture-Control Box

NOVEMBER,
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the operating temperature cannot be
changed without removing it from the
inside of the box. Sometimes, as we
have previously mentioned, it is de-
sired to adjust the operating tempera-
ture while the unit is in operation. At a
sacrifice in the degree of constancy with
which the temperature is maintained,
the TypPe 547-B Temperature-Control
Box has been made available.

It makes use of a bi-metallic thermo-
regulator that depends for its operation
upon the unequal temperature-coeffi-
cients of two strips of metal. It is
rugged enough so that it controls the
heater current directly without the
necessity for a relay, which, of course,
eliminates the need for the six-volt
supply.

The temperature may be adjusted to
any value between 40 degrees and 60
degrees Centigrade, and the air within
the chamber will remain within =1.0
degree Centigrade for a room tempera-
ture variation of =20 degrees Centi-
grade (=11 degrees Fahrenheit). This
unit is recommended for use only
where the ability to change the temper-
ature while the unit is in operation 1s of
importance.

Both units are primarily intended
for operation near 5o degrees Centi-
grade where the room temperature
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variations occur around a mean of 20
degrees Centigrade. Inspection of the
above specifications might lead one to
expect that good control of tempera-
ture might be obtained for an operating
temperature of 40 degrees and a room
temperature of 40 degrees. That con-
trol could be had under this condition 1s
improbable, and in localities where the
temperature of the room might rise to
40 degrees Centigrade, the operating

temperature should be kept higher, 5o
degrees, if possible.

The commercial data on these in-
struments are as follows:

Tyre 547-A Temperature-Control Box.
Code Word, BurLY. Price $150.00.
TyPE 547-B Temperature-Control Box.
Code Word, Buxom. Price $140.00.

They will be ready for delivery on
November 15.

MISCELLANY
By Tue Epiror

ITH the September issue of

‘;‘/ the Experimenter we enclosed a
card which readers were asked

to return if they wished to continue on
the mailing list. Although the percent-
age of returned cards has been large,
we feel that there are still some inter-
ested readers who have neglected to
return them. If it is your intention to
return the card, please do so at once.

None of the changes requested on
returned cards have been made, and no
names have as yet been dropped from
the list because no card was returned.
It may be of interest here to state that
on the average of one card in every
four calls for a change in the address
stencil.

Should you have mislaid your return
card, a letter or a postal card with the
following information will replace it:

(a) Your name and mailing address
(printed for the sake of legi-
bility)

(b) Your business affiliation

(¢) The kind of business in which
your firm is engaged
(d) Your position
(e) The technical field in which you
are particularly interested.
If you can return the address label
from the Experimenter mailing enve-
lope, so much the better, inasmuch as
our files are arranged alphabetically.
These cards were sent out for the
purpose of correcting our mailing list
and of removing from it those persons
who are no longer interested in reading
the General Radio Experimenter. The
additional information about each
reader is being used to analyze the cir-
culation so that the editor may know
the different classes of readers for whom
he is preparing material.

CONTRIBUTORS

All the material for this issue of the
Experimenter has been contributed by
The Editor.

The General Radio Experimenter is published
monthly to furnish useful information about the
radio and electrical laboratory apparatus manu-
factured by the General Radio Company. It is
sent without charge to interested persons. Re-
quests should be addressed to the

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

RUMFORD PRESS
CONCORD
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TELEVISION: A COMPARISON WITH OTHER
KINDS OF ELECTRICAL COMMUNICATION

By J. W. HorToN
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ODAY, through the universal
use of systems of electrical trans-
mission, information may be
conveyed in a negligible time between
individuals separated by a distance re-
stricted only by the dimensions of the
earth. It is difficult for us to realize that
until the time of Morse and his electric
telegraph the instantaneous transfer of
intelligence was confined within the
limits of human vision. The potentiali-
ties arising from our ability to control
an electric current at one place, to
transmit it to some distant place, and
to recognize there the effects of the
initial control cannot be evaluated.
The fundamental principle under-
lying the telegraph, the telephone,
picture transmission systems, and tele-
vision is this: Complex electric waves,
controlled at the sending station by the
sound or image being sent, are used at
the receiving station to actuate devicés
which reproduce the sound or the
image. In television one does not see
the person at the other end of the line,
nor in telephony does one hear his
voice. In one, the distant person is
represented by an image reproduced by
an optical system; in the other, his voice
is represented by sounds reproduced by
an acoustical system. The only thing
ever transmitted is an electric wave.

The first step in the development of
the art of electrical communication was
taken thousands of years ago when
man first devised symbols to represent
ideas. These symbols were not adapted
to electrical transmission. It was neces-
sary, therefore, for Morse, in order to
utilize his electric telegraph equip-
ment, to modify the system of symbols
(our alphabet) so that they were
readily identified with the characteris-
tics of an electric wave.

This brings us at once to an im-
portant fact: The distinguishing char-
acteristic of an information-conveying
electrical wave is the variation in its
intensity with time. To be more spe-
cific, the intensity is a single-valued
function of time; that is to say, it
varies from instant to instant, and for
any given instant there is one and only
one corresponding value of intensity.
In order to conform to this require-
ment of the electrical signal wave, the
Morse code is likewise a single-valued
function of time.

The information contained in the
sounds we hear may also be completely
represented in terms of a quantity
which has different values for different
times. Specifically, a sound may be
described in terms of the variation in
air pressure with time. To obtain the

1]
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telephone, therefore, it was only neces-
sary to provide terminal apparatus
capable of following these exceedingly
complex variations with sufficient ac-
curacy and a channel capable of trans-
mitting the corresponding electric
wave.

When we attempt to extend elec-
trical-communication methods to in-
clude visual information, we find that
we have to deal with anything but a
single-valued function of time. In a
still picture the information may be
described as a function of area only.
This fundamental fact was recognized
early in the history of electrical com-
munication, and means have been de-
vised for translating pictures into
terms of a time variable. By means of
scanning and distributing devices, in-
formation regarding the tone value of
each elementary area of a picture may
be transmitted individually over a
single channel, the several areas being
successively dealt with in a prede-
termined order and at a definite rate.

It is further necessary to provide for
recording this information in order
that the time factor may be eliminated
and the information restored to its
original form as a function of area
only. In still-picture transmission,
photographic methods are employed
for making a permanent record. The
result is a single picture, differing but
little in appearance from an ordinary
photograph. In television the record is
made, not on a photographically-
sensitive surface, but on the retina of
the eye. It is necessary, therefore, to
complete the transmission of a single
image in a time so short that it is re-
tained by the retina as a complete
picture. Furthermore, in order to
convey information as to any motion
which may take place in the original
object, it is necessary that a series of
images be reproduced in rapid suc-
cession. Experience has shown that the
transmission of approximately twenty

images per second satisties both of
these conditions.

When our eyes bring us information
as a result of visual observations it is
conveyed from the retina to the brain
by a very considerable number of
nerves, each carrying a separate mes-
sage. In comparison with the speed
with which an electric current may
change its intensity, these nerves, in
spite of their reputation to the con-
trary, are extremely sluggish. If we
work our electrical system at the speed
required for television it will convey in
succession the messages representing
the several picture elements, and it
will distribute them to their respective
nerve channels as rapidly as the nerves
are capable of receiving them. In this
respect television and the multiplex
telegraph are amazingly alike. In both,
one trunk circuit brings in information
as fast as several local circuits, work-
ing simultaneously, can absorb it.

These considerations emphasize the
fact that the raze at which information
is transmitted is of very great signifi-
cance in electrical communication.
Inasmuch as it has been necessary, in
order to effect their transmission, to
reduce various forms of information to
common terms, namely, those of time
variation, we have at once a convenient
basis for comparing them. It is desira-
ble to do this in order to form an
estimate of the relative magnitudes of
the burdens imposed on the channel
when it is used to transmit information
in one form or another.

In the case of a single picture, it is
apparent that the total amount of
information is proportional to the
number of individual elementary areas
recognized. For example, if a picture of
some given scene is printed from a half-
tone photo-engraving, the amount of
information conveyed by the reproduc-
tion depends upon the total number of
“halftone dots” used and not on the
area of the picture. A fine magazine
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halftone may easily include more in-
formation in an area one inch square
than a coarse newsprint illustration in
an area two inches square.

If the elementary areas of a pic-
ture as it is scanned for transmission
alternate between dark and light, the
number of cyclic variations of light
intensity will be half the number of
picture elements. The maximum fre-
quency in the electric signal wave will,
in turn, be equal to the maximum
number of cyclic variations in the
picture divided by the time required
for its transmission. It is thus apparent
that the greater the number of ele-
mentary areas separately recognized in
a given time, the higher will be the
maximum frequency required to trans-
mit the image. It may be shown that
the electric wave contains also a
component of zero frequency.* Hence,

* J. W. Horton, “Transmission of Pictures and

Images,” Proceedings of the I. R. E., September,
1929, p. 1547. This is an abstract of that paper.

DECEMBER, 1929 3

the frequency ramge occupied by the
signal is determined by (2) the number
of picture elements and (4) by the time
of transmission.

This is a special case of a fundamen-
tal law of communication, which states
that the rate at which information
may be transmitted over a given chan-
nel is proportional to the frequency
range which that channel can ac-
commodate. This concept is treated at
some length in a paper presented at the
Volta Centenary in Geneva by Mr.
R. V. L. Hartley of the Bell Telephone
Laboratories.f It may be employed in
evaluating amounts of information by
relating them to the product of the fre-
quency range and the time of trans-
mission.

To compare the amount of visible
and audible information it will be

necessary to make some assumptions

T R. V. L. Hartley, “Transmission of Informa-
tion,” Bell System Technical Journal, July, 1928,

p- 535-

F1GurE 1. “A fine magazine halftone may contain more information in an area one inch square
than a coarse newsprint illustration in an area two inches square.” The small picture has approx-
imately 55,000 dots, the large one, in spite of its increased size, has only 37,000
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as to the degree of fidelity to be secured
in the reproduction of each. Regardless
of the detailed method by which the
transmission of a single picture or
image is effected, the reproduced copy
will have a structure of some sort. In
order for this to be negligible on normal
inspection, as of ordinary photographs,
it is essential to employ no less than
10,000 elementary areas for each
square inch of picture surface.* This
gives us a frequency range of g§ooo
cycles per square inch.

In the case of speech, it has been
found that acceptable reproduction
may be secured through a frequency
range of less than 3500 cycles per
second. This range is, of course, to a
considerable extent independent of the
rate at which the words are spoken.
If we speak slowly, therefore, we are
not utilizing the communication chan-
nel to its fullest advantage. To deter-
mine the normal relation between
frequency range and the rate at which
verbal information may be transmitted,
let us imagine that a phonograph record
is made of speech at the usual rate of
about 100 words per minute. If this
record is played back so that the words
are reproduced at the rate of one per
second, we find that the frequency
range has been reduced to approxi-
mately 2000 cycles per second. Thus,
one square inch of picture may be
said to be roughly equivalent as an
amount of information to 2.5 spoken
words.

To obtain moderately satisfactory
reproduction of a small picture, such
as one 4 inches by 5 inches square, it is
necessary to employ communication
facilities — i.e., frequency range multi-
plied by the time they are used — equal
in value to those required for 50 spoken
words.

*The halftone engravings ordinarily used in
the Experimenter have about 18,000 “dots” or

" elementary areas per square inch; in a news-

paper, from 4200 to 7200 “dots” per square inch.

By means of further assumptions of
a similar nature, we may arrive at the
conclusion that the ratio of the amount
of information received in a given time
by our eyes, to that received by our
ears, is somewhere in the neighborhood
of 200 to 1. It must be emphasized
that this merely indicates an order of
magnitude, and that it depends en-
tirely on some rather arbitrary assump-
tions. That the ratio is fairly high is
evidenced by the fact that in the
talking motion pictures, the sound-
on-film record has required an al-
most negligible sacrifice in the space
formerly allotted to the visual record
alone.

These considerations are largely in-
dependent of the method used for re-
producing the copy of the original
picture or scene. It is to be expected
that the attention now being directed
to television will result in the develop-
ment of entirely practicable means for
effecting the required scanning opera-
tions, for controlling the electric cur-
rent, and for reproducing the desired
image at the receiving terminal. Such
devices will not in themselves be the
complete solution to the problem of
television. It will also be necessary to
provide communication channels hav-
ing many times greater information-
carrying capacity than those now gen-
erally available.

From this it follows that the future of
television is largely a question of
economics. We may recall in this con-
nection that the biggest obstacle which
Morse had to overcome before he could
transmit a telegram to any distance was
that of raising funds to build his line.
In other words, it is the communication
channel for which we pay when we
employ electrical communication facil-
ities. Let us not ignore the fact that the
burden imposed on this channel by
television is many times greater than
that now borne in our existing electri-
cal communications systems.
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GAIN IN AMPLIFIERS AND
OTHER NETWORKS

By Arrtuaur E. THIESSEN

EARLY everyone who has
N worked with transmission cir-
cuits has had at least a few oc-
casions to use the much-abused terms,
amplification and attenuation — or,
simply, gain and loss — to identify the
behavior of some particular circuit
element such as an amplifier or an at-
tenuation network. The purpose of the
following is to define just what is meant
by the familiar terms, gain and loss.
Since loss is negative gain, by confin-
ing a discussion to gain alone the word-
ing of definitions is simplified without
in any way changing the meaning.
Because the performance characteris-
tics of most networks encountered in
communication circuits are, for most
practical purposes, the same when work-
ing between non-reactive and reac-
tive circuits and because calculation
and measurements are much simpli-
fied by so doing, we will consider all of
the circuit elements to be non-reactive.
Gain always refers to the amount of
power transferred across a junction
from a generator or other power source
to a load. In Figure 2a, a power source
consisting of a source of voltage Eg in
series with resistance Rg is shown
connected directly to a load of resist-
ance Rg. With a given source and load,
there will always be a definite amount
of power, determined by these con-
stants, delivered across the junction
¥ and dissipated in the load. If the
junction is opened and an amplifier
put in, there will be an increase of
power in the load. The ratio of the load
power when the amplifier is in the
circuit to the load power when the load
is connected directly to the generator
is called the “insertion gain” — or,
sometimes, ‘‘transmission gain.” The

power in the load when it is connected
directly to the generator is called the
reference power or reference condition.
However, as we usually speak of gain,
we mean a special case in which we take
for the reference condition the case
when all of the available generator
power is transferred to the load. Thus,
gain, as we ordinarily understand it, is
the ratio of the load power when the
amplifier is inserted at the junction to
the load power when the load is so
connected to the generator that it ab-
sorbs all of the available generator
power. This is the condition for maxi-
mum power transfer across the junc-
tion,* which will be shown to occur
when the load resistance equals the
generator resistance.

In Figure 2a, let /& be the current in
the load Rr

Ir= _Ee
RG+RER’
and let #’g be the power in the load
Eg?
Wr=IRr=——""_ __ . Rg.
£ " (RG+RR)? oy

Then differentiate /g with respect to
Rr to find the value of Rg for maxi-
mum #R:

dWr - Eg
dRr  (RG+ RR)?

—2FG?RR(RG+RR)*

g : aw’
When 77 is a maximum, il =0, and

dRR
E¢@ ~ 2E¢*Rr
(R+Rr)?* (Rc+Rr)¥’
R+ Rr=2Rr and Rr=R¢.

This means, of course, that in order
to determine the reference condition for
gain measurement, the load resistance

* See footnote, page 7.

[s5]
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Figure 1. The gain resulting from inserting an amplifier or other network at the junction ¥ is
the ratio between the resulting load power (power dissipated in Rg) and some reference power corre-
sponding to a specified reference condition

must be equal to the generator resist-
ance. If they are unequal, as is often
the case, an impedance-matching de-
vice might be employed. An ideal de-
vice for this purpose is illustrated in
Figure 2b. This is called an impedance-
matching-transformer. It is one in
which no power loss would occur and in
which the apparent resistance of the
primary is equal to the resistance of the
generator when the secondary is con-
nected to the load. Perfect matching
would thus be obtained between the
generator and the primary of the ideal
transformer; therefore, all of the avail-
able generator power would be trans-
ferred across the junction from the
generator to the transformer. Since
there is no gain or loss of power in the
ideal transformer, all of the power in its
primary is delivered to the load. In
other words, the ratio of the power out-
put to the power input is unity in an
ideal transformer. This is the reference
condition that is used for the measure-
ment of gain.

If we were to remove the theoretical
ideal transformer and put the amplifier
in its place, some increase of power in
RR should occur. The gain is the ratio
of the load power realized with the am-

plifier in the circuit to the load power
which would have existed at the refer-
ence condition. This is the same as say-
ing that the gain of the amplifier is the
ratio of its power output to the avail-
able power input.

This ratio is usually expressed in
logarithmic units:* the gain in decibels
N being equal to ten times the common
logarithm of the power ratio:

Output Power
Available Power

Since we can never actually have an
ideal impedance-matching transformer,
some means must be employed for de-
termining the available power in order
to fix the reference condition. Refer
again to Figure 2b. The ideal trans-
former, by definition, has primary and
secondary impedances which match
Rg and Rg, respectively.

Then Ep=1% Eg,
and the power available at the input to
the ideal transformer is

Ept Egt
R 4R¢
*J. W. Horton, “Units of Electrical Trans-

mission,” General Radio Experimenter, 111, Jan-
uary, 1929.

N =70 log
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Ficure 2. In general, the reference power for gain determinations is the load power when source
and load are directly connected (as in 4), but for gain as defined in the accompanying article an
additional condition is imposed: R must be equal to Rg. The reference power may be obtained:

2

Eg

(7) by use of an ideal impedance-matching transformer as in B or (2) by computing _R—G
4

which simply means that one-half of

he power generated in the power
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source is available at the terminals of
the output load under this reference
condition. This is equivalent to deter-
mining it by means of an ideal trans-
former.

Sometimes all of the power that a
given generator is capable of delivering
is not available for use in operating any
single amplifier. Suppose, as a specific
example of this, it is necessary to shunt
a monitoring amplifier across a tele-
phone line. The input transformer of
such an amplifier would be designed to
have an impedance large enough so
that it could be bridged across the line
without drawing more than a certain
allowable amount of power. However,
regardless of its input impedance, it
still draws some power from the line.
This power is the available power, the
power that must be used as reference
condition when calculating the gain
of the amplifier.*

*Eprror’s Note.— This statement means that
if the maximum amount of power the source is
capable of delivering (:fTGZ) is not avail-

G
able for use in the amplifier or network being

considered, the previous remark about the “con-

If the grid of the first amplifier
tube were connected directly to the
line, the power absorbed would be, of
course, very small, although the power
delivered by the amplifier might still
be quite large. In this case, the gain
would be very great, but the definition
would still hold.

In designing an amplifying or an at-
tenuating network to work between a
given generator and load, the input
and output circuits of the network
should match the two impedances re-
spectively for the maximum efficiency.
Often, however, this is impossible or
impractical. It should be remembered
that any loss caused by such mismatch-
ing is entirely chargeable to the net-
work.

The most direct method of deter-
mining the gain or loss of a network on
dition for maximum power transfer across the
junction” must be interpreted with care. If
maximum power is not available the network
must be considered for both calculation and
measurement purposes as working out of a new
source whose maximum power is equal to the
available power. In other words, Eg for the new
source is the same as Eg for the old one, but the
new Rg is given by the relation

Egf
(Available Power) X 4

RG (m’w) =
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the basis of the foregoing definition is
to measure the output and available
input powers, ten times the common
logarithm of the ratio between them
being the gain in decibels. If we know
the characteristics of the input and
output impedances, we find the powers
by measuring either the voltages across,
or the currents through, the two im-
pedances.*

This method, because of a variety
of difficulties encountered in practice,
is for one reason or another, often
not desirable. Nearly all measurements

* John D. Crawford, “Notes on Power Meas-

urement in Communication Circuits,” General
Radio Experimenter, IV, October, 1929.

of gain and loss are made by compar-
ing the unknown amplifier or attenuator
with a calibrated network. Resistance
networks can be accurately designed
and once constructed do not change
their calibration with time. For this
reason they are excellent standards of
comparison. There are a number of
ways of actually making this compari-
son, but a complete discussion of these
is beyond the scope of this article. For
an example, refer to a previous article
by the writer.

t Arthur E. Thiessen, “Production Testing of
Audio-Frequency Amplifiers,” General Radio Ex-
perimenter, IV, June, 1929.

MISCELLANY

By THE

THE line of TyPe 376 Quartz
Plates manufactured by the Gen-
eral Radio Company has been
completely. reclassified. New prices
are in effect and a new high-precision
class for use with temperature control
has been made available. A complete
description of the Type 376 Quartz
Plates will be published in the next
issue of the Experimenter.

¥ % % %

When we described the new Type
547 Temperature-Control Boxes in the
November issue of the Experimenter,
we interchanged the Centigrade and
the Fahrenheit values for the allowable
variation in room temperature. Con-
trol will, of course, be obtained over

EpiTor

a room-temperature variation of 11
degrees C. or 20 degrees F.

We hereby tender our thanks to
those readers who were good enough to
call our attention to the error and
hope that none of the others were
misled by it.
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