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Hllustration exact size.

SOLAR MINICAP Dry Electroly-
tic Capacitors mark much more
than an advance in an art. They
mean that filters now occupy
less space, cost less, have longer
life because of permanent seal-
ing, are used in single units to
simplify both production and
stock-keeping, and are “stand-
ard’ parts.

Solar engineers have been the
pioneers in advanced methods
of making radically smaller dry
electrolytic capacitors. "little
giants,” introduced three years
ago, were the original ultra-com-
pact drys. Now we announce
further size reduction, superior
characteristics and outstanding
utility in the new Minicaps. You
will find them in thousands of

Details upon Request. radio sets,— to stay there.

SOLAR MFG. CORP., 599-601 BROADWAY, NEW YO‘RI{, N.Y.
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Gains Time

Guides Driver

Faster work with half the pressure

One-hand starting and driving —other hand free
to hold work. Three times the purchase of a
slotted screw. Faster driving method cuts time
to a fraction.

Given the acid test by certain key firms in the screw-using
industries . . . plants where production costs are watched
with an eagle eye — where quality is right and there’s no
excuse for waste —

The Phillips Screw with the patented recessed head has
been okayed, after all sorts of time, motion and quality studies,
by executives, engineers, purchasing managers, workers.

Now the production facilities of the screw manufacturers
have been enlarged — and we’re in a position to meet the de-
mands of any plant that has use for screws.

Take the job the picture shows. There the Phillips Screw
saves time — and screws — and strength — and spoilage —
and money.

Faster work. Use power drivers or higher speeds where
power is already used. No need to steady the screw, it

SEND THIS COUPON TO ONE OF THE FIRMS

LISTED AT RIGHT—FOR SPECIFIC FACTS ON
PHILLIPS SCREWS —NO OBLIGATION.

As easy as pointing your finger

The driver's point fits the screw’s recessed head.

Awkward places easy to reach—the screw won't

drop off. Self-centering —straight or at an angle
-no screws driven crooked,

Better work — and no spoilage

The driver can't slip out and scar costly material
or the fingers. No broken heads —no burrs to re-
move. Better holding power —the screw sets up
much tighter,

steadies itself. No burrs to remove afterwards.

Greater holding power — assemblies are more solid, and
often fewer or smaller-diameter screws will do as well. No
broken heads — no screws dropped. Greater driver and bit
life — fewer sizes needed.

Easier work. The screw helps out. No push and turn —
just turn. Maximum contact — minimum muscles. Men are
fresher toward the end of day.

Better looks. The driver can’t leap from a Phillips Screw
to dig a channel across the work. No gnarled slots — no
scarred fingers. And the screw is flush with the surface.

What's your fastening problem? Find out what the screw
with the patented recessed head can do! Send the coupon to
one of the firms listed below . . . mention the type of work
you expect screws todo . .. they’ll send you folder A, telling
you how well the Phillips Screw with the patented recessed
head has done that work for others.

This is the Patented Phillips Recessed Head

Note the tapered slot—its angle was worked out after months of tests to learn
how to utilize the driver’s maximum turning power. Note the flat surfaces — no

curves except at the rim. That prevents the driver from burring the screw, Ma-

Name —Position chined to tolerances of plus or minus .001” — to guarantee a perfect fit. Hand, spi-
ral, or power drivers may be used — available from leading manutacturers and
distributors.

Company.

Address_ ‘Product."

i3 i
3
i
!

www americanradiohistorv com



MACHINE SCREWS

SHEET METAL SCREWS STOVE BOLTS @ WOOD SCREWS

HILLIPS /e |SCREWS

Gain Time . .. Guide Driver. .. Guard Work
~ /

~—

Patent Noe. 2,648,343 2,046,887  2,046.83% 2,046,840 2,082,085 2.0%4.078  2.084.07% 2,090,838
Other domestic and toreign patents allowed and pending.

American Screw Company, Licensor. Providencze, R. I.

LICENSEES
Continental Screw Co Corbin S5crew Corp. National Screw & Mfg. Co. Parker-Kalon Corp.
New Bedford, Mass. New Britain, Conn. Cleveland, Ohio New Yorik, New York
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ERE’S something that deserves your careful considera-
tion—The removal of a restriction that definitely limits
your freedom in design.

You face this restriction when you use control knobs
direct connected to the tuning elements they control. Here’s
why. The positions of the tuning elements are dictated by
considerations of circuit, easy assembly, and servicing con-
venience. And this fixes the locations of the tuning knobs.
But these locations may not suit the cabinet design. The
result is usually a compromise in which both the engineer
and the stylist make sacrifices.

Why be handicapped by this restriction when it can be
entirely eliminated by the use of S. S. WHITE FLEXIBLE
COUPLING SHAFTS? These shafts provide a simple means
for connecting the control knobs with the elements they con-
trol, or for coupling various elements, regardless of their
relative positions. And being constructed expressly for this
service, these shafts have characteristics which make their
operation, when they are properly applied, as smooth, effort-
less and sensitive as a direct connection.

Hence, these shafts permit stylists to indulge their
ingenuity to the limit, with complete freedom in the treat-
ment and placing of the tuning knobs—while engineers can
position their receiver elements in these improved cabinets
with equal freedom.

FLEXIBLE COUPLING SHAFTS open up a whole new
field of radio design possibilities, We can supply them in
any length—And we will gladly cooperate, without obliga-
tion, in working out specific applications. Write—today for
full details about these shafts.

S.S5S. WHITE

‘This is a Diathermy machine, not The S. S. White Dental Mfg. Co.

.a radio. But it illustrates how

FLEXIBLE COUPLING SHAFTS

make it possible to place control INDUSTm‘ DIVISION

knobs and also the elements they

control wherever you want to put

them. These shafts are being used 10 East 40th St., Room 2310E New York, N. Y.
with complete success in automati-

cally tuned radios. .

4 March 1938 — ELECTRONICS
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gsolated in the middle of the South Pacific Ocean,
without dependable communication for nearly 150 years—
descendents of the H.M.S. Bounty mutineers now have a
new radio transmitter that will span the gap of space and
time at will. §{Dependable insulation will safeguard this lonely
“PITC” transmitter from disastrous breakdowns . . . insula-
tion that must stand up indefinitely under the hot, humid,
saltdaden tropical winds that sweep across the South Seas.
§AlISiMagz 196% is used at vital points in the radio frequency
and high voltage circuits of the
new Pitcairn Transmitter, both in
standard insulator form and as
an important component of parts
furnished by Aerovox Corpora-
tion, The Allen D. Cardwell Mig.

lTCAlRN"“"‘"
ISLAN D=

%@

Corporation, Coto-Coils, Inc., Ohmite Manufacturing Com-
pany, The Triplett Electrical Instrument Company, etc.
Y In the wide range of AlSiMag and Lava Ceramics for
all types of applications, you will find better insula-
tion for your products. Recommendations and quotations
on your requirements furnished promptly, without obliga-
tion. YA Revised Table of Characteristics, with useful

facts about AlSiMag and Lava is yours for the asking—
send for it today.

* The advanced ultra-steatite ceramic.
Low loss factor at ultra-high fre-
quencies plus high dielectric strength
and excellent mechanical properties
make AlSiMag 196 the ideal material
for all high frequency applications.

AMERICAN LAVA CORPORATION Chattancoga, Tennessee

New York -

Sales Offices: Philadelphia - Boston

ELECTRONICS — March 1938

- Washington - CIeveIand

San Francisco

Chicago - St. Louis - Los Angeles -
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A switch

in time saves...

ONCE in a blue moon a utility product
gets its chance in the limelight. .. that
chance came to Yaxley Switches when
radio leaders envisioned automatic tuning.

RDINARILY a switch leads a life

without glamour. It has to give
perfect performance but the ap-
plause goes to someone else. But
when Yaxley, out of its wealth of
experience, produced the switches
that made automatic tuning com-
mercially possible, the achievernent
became the talk of the town.

For 36 years Yaxley Switches (a
Mallory product) have pioneered
the development of switches from
single off and on switches to
automatic tuning.

P.R. Mallory & Co., Inc., is the ex-
clusive producer of Yaxley Switches.
And in the field of special electrical

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA

6

switches, “Yaxley” is the name that
means quality plus the facilities to
translate ideas into blue prints and
blue prints into realities.

Yaxley Switches turn current on and
off on radios, public address systems,
business machines and an almost
limitless number of industrial
devices. They range from tele-
phone jacks and simple on-and-off
switches...through volume controls

where the cur-

lic address systems of twenty-
eight “gangs” controlling eighty
speakers. Selector switches, current
switches, tap switches and all
wave types — Mallory stands ready
to match your needs with Yaxley
products.

Yaxley does not rest on its
laurels of leadership. Constant re-
search endeavors to anticipate in-
dustry’s needs.

rent is turned
on gradually
with perfect
smoothness. . .
on up to pub-

-

Serves the Electrical, Automotive,
Radio and Industrial Fields

with

YAXLEY SWITCHES

Electrical Contacts, Welding Electrodes,
Non-Ferrous Alloys and Bi-Metals,
Rectifiers, Vibratorsand Condensers

Cable Address—
PELMALLO

www americanradiohistorv com
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NOISE . . It has been pointed out
that freedom from noise in a frequency
modulated system is not due solely to
the use of a balanced detector (page 60,
February Electronics). The balanced
detector gets rid of amplitude modu-
lated noise. But the big virtue of the
frequency modulation system is the fact
that the desired modulation can be
made as much stronger than the noise

as desired by widening the band
over which frequency modulation
oceurs. This was pointed out, cor-

rectly in the November 1935 Electronics
where Major Armstrong’s classic pa-
per on frequency modulation was dis-
cussed, and again in May 1937 where
Hans Roder’s mathematical paper was
given.

The tower for the Armstrong fre-
quency modulation system is now high
above the New Jersey Palisades and
while rumors state that programs will
soon be on the air, the rumors are
slightly ahead of themselves. The
transmitting equipment has not yet
been installed. But summer will see
this most interesting experiment be-
gin.

» COMPRESSORS . . In a recent
item we questioned the advisability of
amplitude compression produced by the
volume limiters now going into so many
broadcast stations. It looked like a
pure case of limiting the volume range.
There is no question about its ability
to increase the station’s signal. It
will do that and is, in fact, equal to
doubling the power output of the sta-
tion.

A peak limiter, however, is not only
a means of raising signal level but can
be operated actually to increase the
effective volume range. If peaks up
to about 6 db are cut off, the ear seems
not to know the difference. Therefore

Crosstalk

the average level of modulation can
be raised, elevating the lower levels
of modulation 6 db above the noise,
which means that 6 db more volume
range can be used. This figure of 6 db
is the limit, however, and cannot be
approached with safety. Manufactur-
ers recommend that only 3 db compres-
sion be permitted.

» SPIES . . Most individual and
concerns representing foreign manufac-
turers in this country serve legitimate
funections and are entirely respectable.
They supply trade information, act as
purchasing agents, etc. But competi-
tion among these purveyors of informa-
tion has developed a somewhat danger-
ous situation.

Certain of these services are buying
information on processes for sale
abroad, and while most of them do not
resell secret processes, there are others
who do not seem to be so discreet.
The more secret the process the higher
the pay. “Operatives” in the employ
of well known concerns are given an-
nual retainers. Agents find it easiest
to get information from men who are
on payrolls subject to a big turnover.
A man who feels insecure in his job
seems to have less reluctance about
selling his company’s blueprints.

Much information is gathered at no
outlay at all. Under guise of offering
a man a job, the agency pumps him
(and as many others as answer an ad)
of all he knows about the process on
which the foreign manufacturer wants
data.

What to do about this business, we
don’t know.

» INTRODUCTION . . A year ago
Electronics’ office boy and printer’s
devil, Kae Farrey, substituted the dic-
tator rule of a husband for the auto-

wWWwW americanradiohistorv com

KEITH HENNEY

Editor

eratic rule of several editors. During
this year the staff has been its own
office boy and printer’s devil in the
mistaken assumption that it was a good
idea. As someone has stated, the only
thing that makes American business
worth while is the secretaries.

We are now happy to state that the
great experiment is at an end; that
Miss Marthe Mattey is now devil and
boy and that our advice to anyone
considering firing a secretary is not
to do it. Miss Mattey was a member
of the cast of The Bridal Crown, a
Broadway production, which, fortu-
nately for Electronics had a short run.

» CANDOR . . After much scurry-
ing around, a technical employment
agency finally found a Ph.D. for a com-
pany who wanted a physicist who could
write. His job was one of translation so
the man in the street could understand
what his company was doing. In con-
ference with his prospective employer,
everything went well. His technical
qualifications were 100 percent. Finally
he was asked “do you write?”.

“Yes,” he said, “but the editors send
it all back.”

Pleased with the young man’s candor
they promptly gave him a better job
in another department, and at latest
reports the company was still trying
to find a physicist who can write.

» Q FEVER . . In the New York
Times we find that “a new fever has
appeared in Queensland and doctors
trying to discover its cause have named
it Q@”. It seems that W. D. McLaughlin
of Boonton Radio Corporation ought to
look into this. The outstanding symp-
tom, according to the Times, is head-
ache.



BEEHIVES . . . End seals on the nitrogen gas filled coaxial transmission line which connects

the new Western Electric 50-kilowatt transmitter at station WHAS, Louisville, with the vertical radiator
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HP6A: A Radical Departure in
Phonograph Pick-up Design

Unbelieveable response, flat within plus or minus 3 db. from 30 to 18,000 cycles, with a needle

pressure of 0.17 ounces, has been achieved by applying velocity-microphone principles.

UCH has been written in the

technical literature during the
past few years regarding the service
and fidelity limitations of instan-
taneous recordings. It has been
claimed, for example, that frequen-
cies higher than 6,000 cycles can-
not be recorded and that even if
such frequencies could be engraved
on the record they would be erased
within the first few playings. In
the field of commercial pressings in-
tended for home consumption it is
sometimes asserted that a wide fre-
quency range would not be desirable,
even if it could be secured, on
account of the accompanying high
noise level. This high noise level is
in turn explained by the necessity
of including an abrasive in the
shellac pressing material so that the
needle tip will be ground quickly to
fit the groove contour. Even when
so fitted the needle tip bearing pres-
sure remains far above the elastic
limit of the record material; both
needle and record groove wear rap-
idly, and the initially high noise
level steadily increases. It is the
writers’ belief that these limitations
on fidelity and service life should be
charged principally to the repro-
ducers which have been available
rather than to the recording and
pressing materials. If a simple and
rugged reproducer could be con-
structed which would have low
needle-point impedance and operate
with extremely low needle pressure,
several advantages would immedi-
ately be gained. The abrasive could
be omitted from commercial press-

This material was presented at the Ann
Arbor, Michigan, meeting of the Acoustical
Society of America, November 29, 1937.

ELECTRONICS — March 1938

By F. V. HUNT
and J. A. PIERCE

Cruft Laboratory, Harvard Universgity
Cambridge, Mass.

ings and both these and the lacquer-
coated instantaneous discs would
offer high-fidelity, low-noise repro-
duction with long service life, either
in the studio or in the home. Before
describing a reproducer which meets
these specifications we shall discuss
the background which led to its
design.

In preparation for the celebration
of Harvard’s Tercentenary the Cruft
Laboratory was commissioned to
make a phonographic transcription
of the principal proceedings. We
proceeded to acquire the best equip-
ment we could afford and to make
over-all frequency response measure-
ments. By dint of heavy equalization,
both in recording and in reproduc-
ing, we obtained good over-all per-
formance up to 6,000 cycles and the
Tercentenary proceedings were re-
corded under these conditions. A
few months later our attention was

Fig. 1—Head-on and quartering views of the HP6A reproducer.
The small-scale divisions are millimeters in each case

www americanradiohistorv com



CWERBLL CHERACTERTETIC
oF THE $STEM

AT

Fig. 2—Curves illustrating the method of calibrating the repro-

ducer for frequency response.

The lower curve is obtained by

subtracting the two intermediate curves from the upper one

called to an optical method, first
described by Buchmann and Meyer?,
whereby the recorded velocity ampli-
tude can be measured by viewing the
record under oblique illumination by
parallel light. We immediately made
test records under the same condi-
tions obtaining for our recording of
the Tercentenary proceedings and
discovered to our surprise that we
had recorded an essentially uniform
response for frequencies at least as
high as 10,000 cycles. Fortunately
we had regarded these records as too
valuable to play back with our con-
ventional reproducer until effective
steps could be taken for their ulti-
mate preservation. We had, there-
fore, with one or two exceptions,
given the reproducer no opportunity
to erase these high frequencies from
our records, so that if they had been
recorded they were gtill there. Our
problem, then, was to design a repro-
ducer which not only would recover
the high frequencies which we had
engraved, but also would allow the
records to be played frequently, for
editing, without damage.

When one considers that a useful
output can be obtained from a mod-
ern dynamic microphone when its
mechanical circuit is merely exposed
to an imponderable medium such as
air, it becomes absurd to think that
a weight of several ounces should
be required to couple the mechanical
system of a phonograph reproducer
to the relatively rugged groove on
a disc record. We began our inves-
tigation, therefore, by imposing the
condition that the total unbalanced
weight resting on the record should
not exceed a few grams, and certainly
should not be allowed to produce
needle-point pressures in excess of

11 GfBuchmann and E. Meyer, EN.T.,
147, 1930.

10

the elastic limit of the record ma-
terial. It follows, of course, that the
moving system should be extremely
light. In order to have as much out-
put as possible most of the mass of
the moving system should be active
electromagnetically. Furthermore, if
frequencies as high as 10,000 cycles
are to be reproduced, with their
correspondingly small amplitudes of
motion, it seems advisable to avoid
the use of ordinary pivots. If the
foregoing conditions regarding light-
ness can be met the wear on the
stylus tip will be extremely small,
so that this may well be a permanent
jewel.

Details of the design

Our problem, therefore, became
one of devising an extremely light
inductor element which could at the
same time serve as a pivotless me-
chanical system driven by a sapphire
stylus. Several models were made
incorporating these ideas and the
results with Model 6 are so satis-
factory that a description of its con-
struction and performance charac-
teristics forms the basis for this
paper. It will be seen from the pho-
tographs of Fig. 1 that the moving
system comprises a single-turn loop
of thin phosphor bronze ribbon
lying within a concentrated trans-
verse magnetic field. To the outer,
closed end of the loop is attached
the base of a conical shell of
aluminum whose apex bears a
sapphire stylus. In the forward por-
tion of the loop the ribbon is vertical
and is bent into channel form to
provide rigidity. A ninety-degree
twist brings the ribbon into the
horizontal plane in the rear portion
of the loop where it is firmly clamped
between insulating blocks. This yields

www americanradiohistorv com

a structure whose tip is quite rigid
for lateral displacement in the plane
of the loop but which is very flexible
in torsion. Thus a lateral displace-
ment of the stylus, which lies below
the plane of the loop, is converted
into a rotary motion of the stiffened
front portion of the loop. Damping
is provided by a membrane of pyra-
lin connecting the closed, outer end
of the loop to a small, stationary,
soft-iron pole piece lying within the
loop, and by two similar membranes
bridging the spaces between the
rear portions of the phosphor bronze
loop and the adjacent magnetic
structure. The impedance of the
loop is quite low and is matched to
200 ohms by a small transformer
mounted on the rear of the tone arm
and acting as the counterbalance.
Perfectly satisfactory tracking is
obtained when the counterbalance is
adjusted to produce a net weight on
the stylus of approximately five
grams. The needle-point impedance
is so low that this weight is suffi-
cient to keep the needle point firmly
seated in the record groove with
no observable distortion arising from
chattering. The total mass of the
moving system is approximately 50
milligrams (about one-fifth the mass
of a standard steel needle) and most
of this is concentrated close to the
axis of rotation. In spite of the
lightness of the moving parts the
gystem is relatively rugged. For ex-
ample, the reproducer head may be
dropped from a height of an inch
or more to the surface of a lacquer-
coated record without damaging
either the reproducer or the record.

Two testing methods were used
to determine the frequency response
characteristics of the reproducer.
The first of these is illustrated in
Fig. 2. The upper curve shows the
over-all playback characteristics of
a special test recording of a fre-
quency sweep. The second curve,
reading downward, is a calibration
of the record, made by measuring
the width of the optical “Christmas
tree” pattern referred to above. It
should be noticed that the two sharp
resonances indicated in the first
curve appear also in the “Christmas
tree” pattern. These correspond to
known resonances in the particular
recording head wused. The third
curve, reading down, is the fre-
quency response of the playback am-
plifier. By subtracting the second
and third curves from the first we

March 1938 — ELECTRONICS



can eliminate from the over-all play-
back characteristics the recording
gystem, the record material, and the
playback amplifier, leaving the fre-
quency response of the reproducer
itself {(including its step-up trans-
former). This is the fourth curve
shown in Fig. 2. An alternative test-
ing method consists in recording a
frequency sweep at one speed, for
instance at 33 rpm, and playing it
back first at 33 rpm and then at 78

point., Fig. 4 shows the result of an
endurance run. A lacquer-coated
test record was made at 33 rpm with
the frequency sweep adjusted to
yield the frequencies shown on the
abscissa scale of Fig. 4 when the
record was played back at 78 rpm.
Curve A of Fig. 4 shows the initial
playback response. The sharp drop
at 12,000 cycles represents turning
off the recording amplifier so that
the residual noise level on a blank

—-
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Fig. 3—Over-all frequency response of the reproducer and its
impedance matching transformer
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Fig. 4—Playback frequency response of a lacquer-coated test
record before and aiter subjection to an endurance test

rpm. This yields the response of
the reproducer at two frequencies
bearing a known ratio and for stylus
stimulations bearing a known ratio.
By choosing different pairs of fre-
quencies the relative response of the
reproducer over a wide range can
be obtained from a single recording.
It was possible, for example, to cali-
brate the reproducer response for
playback frequencies as high as 28
kilocycles. Using both of these test-
ing methods on three different test
records and collecting the results we
have the curve shown in Fig. 3. The
reproducer is seen to be uniform in
frequency response within =3 db
from 30 cycles to 18 kilocycles.

It is to be expected, of course, that
a weight of only five grams on the
sapphire stylus would produce very
slight reeord wear, but we were not
satisfied until we had tested the
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cut could be observed. The record
was then played 100 times with our
6A reproducer and after this treat-
ment yielded the over-all playback
response marked B. That is to say,
no detectable change in noise level
was apparent after 100 playings, nor
were any recorded frequencies as
high as 12,000 cycles erased by as
much as 1 db. Following this test
with our light-pressure reproducer
we played the same test record 50
times with a standard broadcast
transcription pick-up operating with
its recommended needle bearing
weight of approximately three
ounces. After 50 playings with the
transcription reproducer a check
playing with our model 6A yielded
the curve marked C in Fig. 4. While
no significant changes are observed
for frequencies below 4,000 cycles,
there is a large and aurally objec-

tionable increase in the background
noise level. The noise level increases
rapidly during the first few playings
and rather slowly beyond that time,
g0 that an increase of 9 db in back-
ground noise for 50 playings is not
so encouraging as one would like to
think. It is also interesting to note
that the high frequencies which are
erased by the transcription repro-
ducer all lie above the cut-off fre-
quency of this reproducer and in
the range where the needle-point
impedance  undoubtedly  becomes
large.

For comparison purposes we car-
ried out the calibration of three
commercially available reproducers
by the technique described above.
These results are shown in Fig. 5.
Curve A shows the response of the
commercial reproducer used with
our original equipment. We ought
to be grateful, perhaps, that this
curve is as smooth as it is, since
it led us to the elaborate high-fre-
quency equalization which we em-
ployed in making the Tercentenary
records. Curve B shows the response
of a standard oil-damped reproducer,
while curve C shows the response of
the transcription reproducer used
for the endurance tests. This head
was mounted upon an improvised tone
arm and the low-frequency irregu-
larity may be a spurious arm reson-
ance. These response curves are
made to match at 1,000 cycles for
comparison purposes. The electrical
output of our model 6A re;_)roducer
is approximately 50 db below the
output of reproducer C and about 30
db below the output of reproducer A.
An alternative comparison indicates
that a typical vertical-cut reproducer,
operating with approximately six
times the needle bearing weight and
somewhat less fidelity, has an output
level about 40 db above that of our
model 6A., It will be obvious from
an inspection of the photograph of
Fig. 1 that the output of our repro-
ducer can be improved significantly
by redesigning the magnetic circuit.
This magnetic structure was pre-
pared for model 4 and at that time
we had more confidence in being
able to build a sensitive amplifier
than in being able to build a faith-
ful reproducer! Model 7, which is
under construction, will have an im-
proved magnetic circuit. In spite of
the present weak magnetic field no
difficulty is experienced in keeping
the hum pick-up well below the level
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of record surface noise, and the out-
put of the reproducer on a normal
recording is somewhat higher than
the normal output of a velocity
microphone.

Harmonic distortion and poor
transient response in conventional
reproducers usually arise from non-
uniformity and non-linearity of the
magnetic field, non-linear damping,
and mechanical resonance and break-
up of the moving parts. The design
of our 6A reproducer is such as to
minimize each of these difficulties.
A mechanical step-down ratio exists
between the motion of the stylus
and the motion of the conductors in
the magnetic field so that it is eagy to
confine the motion to the portion of
the field which is essentially uni-
form. Since the magnetic field is
constant no distortion arises from
non-linearity of the B-H curve. The
conical shell connecting the stylus
and driven loop provides a very high
ratio of stiffness to inertia and there
is reason to believe that the elec-
trically active portion of the system
vibrates as a whole throughout the
uniform response range, i.e., to 18
kilocycles. Finally, the mass reac-
tance of the moving system is so
small that very little damping is re-
quired to secure resistance control
of the motion and the damping ma-
terial can be located almost on the
axis of rotation. Here the amplitude
of motion is least and any effect of
non-uniform elasticity of the ma-
terial is minimized. The use of a
stiff conical member connecting the
driving stylus to a loop whose motion
ig resistance controlled leads to small
phase shift and correspondingly
excellent transient response.

In measuring reproducer distortion
it is difficult to separate out the por-
tion of the over-all system distortion
which is actually engraved on the
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record. We have obtained typical
values of 3 to 4 per cent for the total
distortion of the complete system
from recording amplifier input to
playback amplifier output and there
is good reason to charge most of this
to the recording head. In contrast, we
have found that some commercial re-
producers are good harmonic genera-
tors, one otherwise acceptable unit
yielding 20 per cent total distortion
at 400 cycles. It is well known that the
effects of non-linear distortion be-
come more objectionable the wider
the transmitted frequency band. We
have observed this effect in the case
of some commercial symphonic re-
leases. When such a record is played
with a 5,000 cycle band width the
reproduction sounds quite “clean”;
when the reproduced band width is
expanded to take advantage of the
full recorded range the music takes
on new naturalness and “life” but it
is sometimes accompanied by slight
cross-modulation “burrs” on the
loud passages. We feel justified in
ascribing this distortion to the
original recording inasmuch as our
own ‘“choice” recordings referred to
below do not exhibit the effect. We
hope that the availability of the full
audio-frequency range, free from dis-
tortion, through a reproducer of this
type will furnish some incentive for
the manufacturers to improve the
distortion characteristics of record-
ing cutters. Parenthetically, one may
also hope that this .reproducer will
lend force to the request that com-
mercial recording companies make
available to the general public low-
noise pressings from existing masters
in some homogeneous material such
as Vinylite or cellulose acetate.
Aside from the wide-range fidelity
and the rugged simplicity of the
new reproducer head, its most sig-
nificant feature is the extremely low

COMPAAIGE BETWEEN HP E& AMD
THREE COMMERCIALLY AVALABLE REFRODMCERS

HEDD

FREGUENGY ™ CYCLES PER SECDWD

Fig. 5—Frequency response of HP6A compared with that of three

commercially available reproducers.

The curves are arbitrarily

shifted vertically to coincide at 1000 cycles
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operating needle pressure. It is
hard to realize the virtues of needle
pressures as low as this without try-
ing the experiment of allowing the
needle of your favorite reproducer
to drag across the uncut surface of
a lacquer-coated record. With the 6A
reproducer this leaves no visible
scrateh. In fact, it is possible to skid
the reproducer stylus back and forth
across the cut grooves of a lacquer-
coated record without producing
either a visible scratch or any blemish
which is audible upon subsequent
playing. We have not made extensive
tests regarding the wear of the
sapphire stylus produced by playing
commercial shellac records with this
reproducer, but at the low operating
needle pressure such wear should be
extremely slow. In any case, the
reproducer head in our later model
is detachable so that the sapphire
stylus may easily be replaced.

The question is frequently raised
whether the average listener really
wants to have a band width of 12,000
to 15,000 cycles reproduced from
phonograph records. Our experience
indicates that such a preference is
almost invariably indicated when the
listener is given an opportunity to
hear a low-noise, wide-range record-
ing reproduced with various band
widths. Of course the reproducer re-
sponse should always be limited by
electrical networks to the frequency
range that is actually recorded. Pro-
longed conditioning of the “average
listener” to home radio reproduction
and the vulnerability of high-fidelity
systems to all forms of distortion
may make it desirable to restrict the
frequency response still further. On
the other hand, we have prepared
records of symphonic music which
are sufficiently free from noise and
distortion and of such fidelity that
the insertion of a low-pass filter cut-
ting off at 11,000 cycles is distinctly
recognized as an undesirable im-
pairment in quality. Unfortunately,
lacquer-coated records of this excel-
lence are difficult to cut consistently
on account of wide variations in the
disc coatings. We hold it significant
that those in our audiences who
know best how orchestral instru-
ments should sound have been most
pleased with the reproduction from
these wide-range records, and that
the comparisons which have been
evoked have usually been referred to
the original performance rather than
to other reproducing systems.
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A VERSATILE LEVEL METER

MEANS for low level power

measurements at audio frequen-
cies is a great convenience and often
a necessity in modern broadcasting
operations. Typical examples of this
are the determination of hum and
noise levels, the equalization of plant
and remote lines, measuring cross-
talk between circuits, and the deter-
mination of frequency characteristics
of low level amplifiers. Measurements
of this sort can, of course, be made
using various pieces of equipment
generally found in a broadcasting
station but in most cases such equip-
ment is not flexible enough to per-
form adequately all the functions
that are desirable. Often too, the

By FRED SCHUMANN

KMBC, Midland Broadcasting Co.,
Kansas City, Mo.

set-up must be changed for different
applications due to lack of sufficient
range and seldom is the apparatus in
portable form.

The level meter herein discussed
was developed to overcome the appar-
ent lack of commercially available
equipment having all the features
that were considered to be important.

One of the deficiencies of most ex-
isting power level measuring devices
is the inability to read low levels.

Fig. 1—Right, schematic wiring dia-
gram of the complete level indicator
with associated power supply

Fig. 2—Above, level indicating me-

ter with a range from —65 db to 12

db, and with input impedances of
50, 200, 500, or 200.000 ohms
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The instrument described here was
theretofore designed to have a range
of from —65 to -+12 db. Zero level
was chosen as 6 milliwatts.

Another desirable feature incor-
porated in this meter is that it will
itself provide either a 50 ohm, 200
ohm or 500 ohm termination. This
is accomplished by means of a rotary
selector switch. A fourth position
of this switch gives a high input
impedance of 200,000 ohms.

A Dbuilt-in regulated power supply
for operation from 110 volt a-c lines
is included. In addition a switch is
provided so that external Dbattery
supply may be used under circum-
stances where no a-c line is avail-
able.

Circuit and Construction

Figure 1 is a complete diagram of
the circuit used. The input signal
goes through the input impedance
selector switch into the primary of
the transformer. The 500 ohm sec-
ondary feeds into a 500 ohm resistive
load. By means of a switch, a 30
db 500-500 ohm T pad may be in-
serted between the transformers sec-
ondary and its load. A 200,000 ohm
potential divider is placed across the
500 ohm load. This divider has 10
attenuation steps of 3 db each. A
total loss of 60 db can therefore be
inserted in the instrument when used
on any of the three lower input im-
pedances. When used with the 200,-
000 input impedance the transformer
and T pad are eliminated and in this
condition only 30 db total loss may
be had in the instrument. It should
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also be noted that the input is bal-
anced on the three lower input im-
pedance positions and unbalanced on
the high impedance input.

The amplifier and detector circuits
are fairly conventional and consist
of a 6C6 pentode first amplifier, a 76
triode second amplifier and a 6J5G
biased detector. The grid bias for
each tube is obtained through the use
of C-bias cells which have proved
very satisfactory provided a mount-
ing is used which assures good con-
tact between cells. The use of these
cells also obviates the necessity for
cathode resistor and condenser com-
binations which might adversely af-
fect the low frequency response.

High grade carbon registors are
used with the exception of those in
the 30 db pad and those marked R,
R., R; and R, which are wire wound.
R; and R, are variable with screw
driver adjustment and are discussed
later,

The plate supply is a well filtered
full wave rectifier and employs an 874
voltage regulator tube. This supply
was adjusted to give slightly less
than 90 volts and is free from the
effects of line voltage fluctuation.
When battery supply is to be used
the a-¢ d-c¢ switch is thrown to d-c.
The resistor R; was inserted in the
plus 90 volt battery lead to make
the instrument give identical read-
ings with battery supply as when
using the built-in a-c rectifier.

Due to various stray and tube in-
put capacitances the high frequency
response of the instrument was
bound to fall off and the necessary
corrective equalization was placed in
the grid circuit of the 76 stage. The
constants of this network would no
doubt require some readjustment in
any individual instrument.

A 200 microampere meter was
placed in the plate circuit of the
detector stage. With no signal the
current through this meter was ad-
justed to 5 microamperes by means
of R. A blank scale was engraved
to read directly in db below zero
level. The range marked on the
meter scale is from —65 db to
—48 db. ’

The entire ingtrument was fitted
into a black leatherette carrying case
measuring 13”x11”x 8” and is shown
in Fig. 2. A chassis type of con-
struction was used. The usual pre-
cautions as to shielding and place-
ment of parts were observed and no
difficulties were experienced with re-
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spect to feedback or undesired

pickup.

Frequency Characteristics
and Calibration

The frequency characteristic for
the 50 ohm input is shown in Fig. 3.
It may be seen that the total varia-
tion is 0.5 db for frequencies Dbe-
tween 30 and 10,000 c.p.s. The fre-
quency characteristics for the other
input impedances are all more ideal
within the same frequency limits
than the curve shown and were there-
fore not included. For broadcast
purposes the frequency characteris-
tics of the instrument are very sat-
isfactory.

Frequency in Cycles per Spcond

Fig. 3.—Frequency response of the
level meter used at KMBC for 50
ohm input

The calibration was made using a
vacuum thermocouple and associated
equipment in a manner familiar to all
communication engineers. At first,
high levels around 0 db were fed
into the instrument and the attenu-
ators in the level meter itself were
used to drop the level to within the
range of the indicating meter. Then,
as a check, th‘,g instrument was fed
with low levels and with no attenu-
ation inside the meter.. The two
methods of calibrafion agreed with
no discernible difference.

Since the calibration was engraved
on a blank scale, means were pro-
vided to insure that this same cali-
bration could be obtained when a
change of tubes became necessary.

This is accomplished by first adjust-
ing R, so that 5 microamperes will
flow in the plate circuit of the 6J5G
with no signal and then adjusting
the gain of the amplifier by means
of the 6J5G grid resistor.

Operation

When the input impedance selector
switch is in positions a, b or c the
instrument itself provides impedance
terminations of 50, 200 or 500 ohms
respectively. Thus, equipment de-
signed to work into any of the above
mentioned impedances may be cor-
rectly terminated by the input im-
pedance of the level meter itself and
output power level measurements
made.

In reading levels it is advisable to
first throw in the full 60 db attenu-
ation in the instrument and then to
gradually cut out some of this atten-
uation until an easily readable indi-
cation is obtained on the meter. Since
the calibration of the meter scale is
from ——65 to —48 db in 1.0 db
steps, and since 60 db of attenuation
is provided within the case in 3 db
steps the total range of the device is
from 4+ 12 to — 65 db, The actual
level is then simply the algebraic sum
of the scale reading and the attenua-
tion setting of the instrument. The
meter scale can easily be read to
0.5 db.

Another condition often encount-
ered is that in which an amplifier,
line or other piece of equipment is
already properly terminated and it is
desired to measure power levels in
this terminating load. For this pur-
pose the 200,000 ohm input of the
meter is used to bridge across the
load. An examination of the circuit
of Fig. 1 shows that the instrument

(Continued on page €65)

Fig. 4—Table showing the corrections to be added and the level
range over which the meter operates for various impedances
across the 200,000 ohm termination

Impedance across which db correction db
the 200,000 ohm to be added rande
input is bridged algebraically .
50 ohms 10 —8 to —55
900 ohms 4 —14.to —61
500 ohms 0 —18 to —65
1000 ohms —3 —21 to —68
4000 ohms —9 —27 to —74
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NGINEERING of photocell ap-

plications is of two kinds; first,
the invention and experiment, end-
ing in a laboratory model; and sec-
ond, the development, incorporating
performance experience, and ending
in acceptable industrial equipment.
The first kind of engineering is much
publicized in the photocell field, be-
cause of the marked interest in each
new application—the novelty of new
tools with which to work. The second
kind of engineering has not yet be-
come popular; but if the “bugs” are
to come out of new designs, if per-
formance is to match promise, then
there is much to be done.

An analysis of several years’ serv-
ice reports brings to light several im-
portant causes of servicing, and a
few elusive faults. In the following,
only the use of photocells in the
more standardized applications, such
as counting, conveyor control, ma-
chine control, alarms and signals,
are considered.

Looking over the accumulated re-
ports, it soon becomes apparent that
the photocell itself, after correct in-
gtallation, is one of the most stable,
least troublesome of the components.
Occasionally, a cell is smashed or
cracked, or the base becomes loose;
but rarely does it “go bad” without
sufficient cause, even after five years
of service. The more common ail-
ments of the photocell are traced to
improper installation, and include
several varieties of stray light, cur-
rent leakage, physical displacement,
and dirt,

Stray Light Troubles

Stray light would be considerably
less of a nuisance if it were not
for the uninformed factory worker
who finds it hard to appreciate that
the photocell responds to “ordinary”
light. It is commonly his opinion
that the necessary light has some
special character vaguely associated
with radio. The records show that
the electrician who installed the pho-
tocell system will unconcernedly in-
stall a drop light nearby, so that the
light enters the photocell. He will
become careless with his flashlight,
and will not consider a window as a
source of light capable of causing
interference with the operation of
a photocell.

Sometimes, stray light is difficult
to locate. In one installation of a
counting machine, cartons of mer-
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Photocell Experience

in the Factory

By ABRAHAM EDELMAN

Photobell Corporation
New York City

chandise travel on a conveyor,
parallel to an outside wall which has
a large, factory type window. After
two months of perfect operation, we
received the report that the counter
was missing several hundred counts
per day. For several days, each
afternoon, our service engineer ex-
amined the equipment, watched it
operate, and reported no trouble.
Nevertheless, the errors increased
slowly, and with regularity. After
five days, the conveyor was watched
in the morning, instead of in the
afternoon. Instantly, the source of
the error was revealed. The sun,
reaching in between two buildings,
illuminated the window and the car-
tons of merchandise as they passed,
and was reflected from the light
colored eartons, into the photocell.
In spite of a long tube over the
opening in the photocell housing, the
reflected light was strong enough to
cause this trouble, for a short period
each day. Due to the changing sea-
sonal angle of the sun, this had not
occurred previously. The remedy
for this condition was very simple,
and consisted of a screen which pre-
vented the sunlight from reaching
the side of the carton, when the
carton was close to the photocell.

Insulation Troubles

Insulation troubles affect the pho-
tocell and its connecting wires more
than they do any other part of the
equipment, because of the very slight
currents that pass through the pho-
tocell circuit. The selection of a
proper wire for the photocell con-
nection is a large part of the prob-
lem. Any wire, nearly, will work
well when first installed; but after
water has condensed in the conduit
which houses the wire, or perhaps,
after the grease and oil that are
in the conduit have softened the
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rubber insulation, trouble will de-
velop. In the keg house of a large
brewery, we discovered that the
photocell wire as well as some of
the other wires that lay in a short
length of conduit were giving trouble.
After disconnecting both ends of
the wire, it was found to have an
ohmmeter reading of less than 5,000
ohms between the conduit and the
copper. On pulling the wires out,
it was found that they were covered
with a fungus which had eaten up
the insulation. On other installations
of a similar type, this fungus would
cover the prongs of the photocell,
the socket, and the surface of the
glass as well. The proper remedy is
to leave no exposed metal connec-
tions, and to wipe all grease and
fingermarks from the equipment, es-
pecially from the light path. If this
is not done, the mould will accumu-
late on the grease, and obscure the
light.

Conduit which runs between two
rooms is quite likely to produce con-
densate, if there is a difference of
temperature between the rooms. In
such cases, the conduit must be so
designed that it cannot have a cir-
culation of air through it, or else
it must be arranged so that the con-
densate may drop off without reach-
ing any vital spot. With the proper
precautions, photocells may be in-
stalled permanently in the wettest
locations, without special mainte-
nance.

Several conditions affecting the
photocell current have no connection
with insulation. If the photocell
wires are long and heavy, they may
pick up interferences due to motors
and other electrical equipment. Also
the natural capacity between the
photocell wires and from them to
ground may slow down the responses
to the point of improper operation.
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Light wires, thick insulation, shorter
distances, and encasement in con-
duit, usually remedy such faults.

The light source also has its

. peculiar troubles. It requires fairly

regular maintenance, since bulbs de-
teriorate even if they do not burn
out. For long life, a bulb may be
operated at a yellow light, in which
condition it will sometimes last for
many years. But usually, after six
months, the glass has blackened, the
solder terminals have corroded and
have deformed due to constant pres-
sure from the socket, and the fila-
ment has weakened so much that it is
quite unsafe. At such a time, a surge
is quite likely to burn it out, and
so it must be replaced even though
it still appears good. Socket de-
terioration occasionally occurs due
to replacement of the bulb by inex-
perienced help; due to chemical
fumes that may be present; and
sometimes due to excessive tempera-
tures which occur when the bulb
wattage is too great. This latter
condition may weaken the springs
inside the socket, which produce
the pressure against the bulb ter-
minals. Displacement of the socket
while changing a bulb, so that the
beam of light no longer shines into
the photocell, is a common fault, In
the same way, grease and dirt will
be left on the bulb that is installed,
causing the bulb to overheat as well
as to give out insufficient light.

Improper installation of a bulb may
frequently permit excessive vibration
to shake the filament apart, or to
displace the beam momentarily so
that it does not reach the photocell.
Rigidly fastened housings, bolted
strongly to vibration-less surround-
ings, with sufficient space for bulb
changing, will prevent this.

In damp locations, the light source
may exhibit a condensation of mois-
ture on the inside surface of the
lens. This occurs shortly after turn-
ing the bulb on, because the housing
warms up quickly, while the lens
does not. Moisture inside the lamp
housing evaporates, and this con-
denses on the cold lens, dispersing
the light. To avoid such effects, the
bulb may be kept burning continu-
ously, or heating coils may be em-

ployed, near the lens.
The amplifier and its associated

equipment also require regular atten-
tion. Tubes require replacement
every 8ix months; vermin which have
entered the box must be cleaned out.
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Less often, contacts show pitting
and corrosion which may be traced
to initial dust particles; loose hang-
ing pigtail resistors corrode loose or
break off due to vibration; excessive
heat inside the housing causes the
deterioration of electrolytic condens-
ers and of rubber insulation. Acid
soldering flux begins to corrode the
terminals it was used on, and tiny
iron and steel particles from the air
cling to the relay core, and prevent
the armature from closing properly.

Tubes have been known to be
forced into the wrong sockets, or into
the rights sockets in the wrong way.
These are minor troubles, occurring
but rarely; however, they serve to
show the designing engineer some
new necessities.

Power Troubles

In many factories, power is gen-
erated on the premises, and this
power must be used for all equip-
ment. It is generally direct current;
occasionally alternating current.
Very often, the entire output is left
ungrounded, so that minor shorts and
grounds will shift the potential of the
entire system, but will not blow out
a fuse. The effect of such a sys-
tem on a photocell circuit is to
change the voltage on the photocell
through wide ranges, while other
conditions are apparently constant.
Thus, an intermittent ground, such
as has occurred when a commutator
segment sparks to ground, may easily
cause intermittent relay action in
time with the offending motor. Com-
plete shielding of the grid circuit,
with an insulated shield connected
to a fixed potential, is a certain rem-
edy. Photocells with higher output
may be used where shielding is in-
convenient, as this will decrease the
effect of the changing ground po-
tential,

In such ungrounded installations,
unusual effects may be discovered oc-
casionally. In one plant, the inter-
mittent operation of the photocell
counting machine, noticeably operat-
ing at a steady, uniform rate when
there was nothing passing through
the beam of light, reminded the
plant electrician that the large gen-
erator in the powerhouse revolved at
just about that rate of speed. Prompt
investigation disclosed that the gen-
erator was grounding a coil with
each revolution, and would soon have
broken down. '

Quite recently, in another plant of
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similar type, there were noticeable
variations in the brightness of our
light source bulbs, and these vari-
ations appeared to be related to the
changes in the potential of the elec-
trical system with respect to ground.
The investigation of this unusual ef-
fect disclosed that the bulbs were
defective in a peculiar way, and also
that most of the bulbs put out by
this very large incandescent bulb
manufacturer had the same defect.
The defect consisted of a leakage in-
side the base of the bulb, probably
due to a soldering flux, so that cur-
rent could pass from the normally
insulated shell to one of the solder
terminals. Since the base of the
bulb was of the double-contact bayo-
net type, with the base shell grounded,
a varying amount of leakage current
was passing through the filament to-
gether with the normal current.

Voltage fluctuation has been an-
other important source of service
calls. Unusual line surges have
caused bulbs and tubes to burn out;
excessively long and overloaded power
lines have caused large sustained
voltage drops which change the con-
ditions of operation of the equip-
ment; and occasionally, high fre-
quency effects are encountered where
they were not expected and designed
for, and have caused improper oper-
ation of the equipment. Such inter-
ferences are usually due to motor
brush sparking, when the motor is on
the same line; similarly, to solenoid
coils and small relay coils, when they
are on a direct-current line, espe-
cially. The remedy in each case is
filtering, of a type sufficient to ab-
sorb all of the offending frequencies.
For instance, simple filtering by elec-
trolytic condensers has proved to be
insufficient because these condensers
change their high-frequency capacity
with age. Also, filtering at the source
is desirable as well. Relay coils that
have a tendency to oscillate with the
power line must be shunted with a
condenser; contacts that make and
break an inductive load should be
shunted with an absorbing filter; and
nearby. machines that produce elec-
trostatic or electromagnetic interfer-
ences must be treated according to
their requirements.

Consideration of the foregoing ex-
perience enables the designer to avoid
a repetition of these faults and weak-
nesses, without the expenditure of
considerable time and money such
as these have cost.
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Electronic
Miscellany

These recent news photos illustrate the variety

of uses to which electronic techniques are now
apphlied

At Harvard University, Dr. Ralph R. Hultgen has developed a new

form of electronic furnace, capable of attaining a temperature of

4500° Fahrenheit without contaminating the metal charge enclosed

in it. The mechanical energy of electronic bombardment, similar

to that which heats the plates of transmitting tubes, heats the
crucible containing the charge

Ir Concord, California, Otto Mohr has perfected a device, energized

solely by the heat of the sun, which ionizes water vapor, collects

the hydrogen ions in one chamber, and the oxygen in another. The
hydrogen is used as a fuel. At right is the ionization chamber

At the Bartol Research Laboratories, Dr. A. J. Allen, of the Frankiin

Institute Biochemical Foundation, takes a drink of water containing

artificially produced radioactive sodium. He holds in his hand a

ionization chamber, connected to an electronic counter, which will

register the arrival of the radio-sodium at his finger tips, thus indi-

cating the time it takes the blood-stream to assimilate it and carry
it to all parts of the body

At the University of Pennsylvania, Dr. Leslie A. Chambers gener-

ates a super-sonic note, about two octaves above the piano range,

in a electronic oscillating circuit. The “noise” is capable of separat-

ing typhoid bacilli into two parts one harmiul, the other relatively
harmless




Measurement of Minute Changes
of Capacitance and Inductance

Determining changes in L and C of the order of 0.0005%, and temperature coefficients of
the order of 0.0001% by beat frequency methods. Suitable for measuring effect of tem-

perature changes on radio components

Fig. 1. LC circuit used in mathematical
analysis

HE development of a portable

radio transmitter having zero
frequency variation under all condi-
tions has been the goal of the radio
design engineer ever since portable
radio equipment has come to play
such an important part in aireraft
and police car service.

A thorough knowledge of the effect
of temperature, vibration, and pres-
sure upon the component parts of a
transmitter is essential before a
transmitter having zero frequency
variation can be intelligently de-
signed. Former study has shown
that change in temperature is the
predominant factor that causes a
change in the frequency of radio
transmitters.

There is an increasing demand for
transmitters for air service that are
flexible over wide frequency bands,
and that have a frequency variation
of less than 0.001 per cent per de-
gree Centigrade.

Quartz crystals have been devel-
oped within the last year that have
temperature coefficients as low as
0.0001 per cent per degree Centi-
grade. This development, although it
is a great advance in the art of
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By S. C. LEONARD
General Engineering Laboratory

General Electric Co.,
Schenectady, N. Y.

transmitter control, does not solve
the problem of covering the wide
frequency bands used in portable ra-
dio equipment, since separate crys-
tals must be supplied for each spe-
cific frequency. Therefore, until the
advent of the as yet, mythical “rub-
ber crystal”, the development of a
self-excited oscillator having a tem-
perature coefficient of less than 0.001
per cent per degree Centigrade seems
imperative.

The critical part of any self-ex-
cited oscillator as regards its fre-
quency characteristic is the tank
circuit, which usually consists of an
adjustable tuning capacitor and a
fixed inductor. Changes of the value

of either of these affect the fre-
quency of the oscillator in direct pro-
portion to the magnitude of such
changes. Therefore, the first step in
the development of a transmitter
having zero frequency variation re-
solves itself into making precise
measurements of the minute changes
of tank inductance and capacitance
incurred by changes of temperature,
in order to determine the magnitude
of such changes and to develop meth-
ods of reducing them to a minimum
value.

Various attempts have been made
previously to use bridge methods for
measuring changes of inductance or
capacitance produced by changes in
temperature. The magnitude of the
smallest change that could be accur-
ately measured on a bridge was
found to be greater than the largest
change in inductance or capacitance

Tuning Dial

Main Oscillater
Cabinet

v 9E

|
Thermomaber—sy

st SR O R T

Fig. 2. Test oscillator and sample oven used in measuring small changes in
L and C
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that could be tolerated in actual
transmitter design. For this reason
the method described below was de-
veloped.

Description of Apparatus

The test oscillator is of the tuned-
plate, tuned-grid type having a two
terminal tank circuit so essential
when samples of either inductance or
capacitance are to be inserted ex-
ternal to the main tank circuit. Fig.
8 is a wiring diagram of the oscilla-
tor and heat control circuits. Fig. 2
is a photograph of the test oscillator
assembly.

The main oscillator unit is
mounted in a heavy duralumin
shield, which is housed in a heat-in-
sulated temperature controlled cabi-
net. The temperature of the main
oscillator compartment is controlled
to better than 0.1° C. by means of a
heater wound on the inner duralumin
shield ; the amount of heat being con-
trolled by a precision type thermostat
imbedded in this shield. Uniform
heating is assured by a small air cir-
culating fan located inside the main
cabinet.

A vernier tuning dial (see Fig. 2)
is connected to the tuning capacitor
inside the main compartment by a
heat insulated coupling, so con-
structed that the dial is totally dis-
engaged from the tuning capacitor
after the final adjustment of the
oscillator is made. This feature
eliminates any defect that the expan-
sion or contraction of the front panel
might have on the frequency of the
oscillator.

The sample oven is a separate
heat-insulated cabinet with an ad-
justable bimetallic type temperature
control capable of covering the tem-
perature range from room tempera-
ture to 100° C. The two leads con-
necting the sample in the sample
oven with the main tank circuit of
the oseillator are two copper wires
six inches long and 0.010 in. in
diameter.

The additional equipment used for
measurement is the primary fre-
quency standard**** a standard
radio receiver, a precision audio
oscillator, and a pair of headphones.
(See sechematic layout, Fig. 4.)

Method of Measurement

The primary frequency standard
of the General Electric Company can
be depended upon to one part in a

ELECTRONICS — March 1938
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Fig. 4. Schematic diagram of measuring equipment

Temperorbure Rise, Deg.C

Fig. 5. Temperature characteristics of adjustable capacitors




Temperorture Rigse, Deg. C

Fig. 6. Temperature characteristics of fixed capacitors

million without correction and to
one or two parts in ten million
(0.00002 per cent) with corrections
as obtained by direct comparison
with the Bureau of Standards at
Washington through the medium of
the Arlington time signals*®*>,
Measurement against such a primary
standard is essential when attempt-
ing to detect changes in the order of
0.00019%. Direct comparison against
the primary frequency standard of
the Company is accomplished by
making the sample of capacitance
or inductance an integral part of the
test oscillator described above whose
frequency can be measured directly
against the standard.

The schematic arrangement of
the measuring equipment and the
method of tuning is shown in Fig. 4.
A rough calibration facilitates the
accurate adjustment of the test oscil-
lator (B) during the set-up and can
be made by any of the standard
methods of frequency measurement®.
The frequency of the driving crystal
in the primary standard (A) is 100
kilcycles>. The test oscillator (B)
with the sample of capacitance or
inductance in place is therefore
tuned within an audible beat to some
frequency that is a multiple of 100
kilocycles’. The frequency of 3,000
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kilocycles was chosen in this particu-
lar case since it was convenient for
the measurement of the samples of
capacitance (0 to 200 uuf) and in-
ductance (11 to 50 ph) being investi-
gated. Through the medium of the
non-oscillating receiver (C) the beat
note between the test oscillator (B)

and the standard (A) is measured
with the audio oscillator (D). Any
change in the audio beat is directly
proportional to the change in the
sample since the main tank circuit
of the test oscillator is held constant.
Thus by changing the temperature
of the sample in the sample oven the
corresponding change in inductance
or capacitance of a sample can be
calculated from the measured change
in frequency.

Caleulations

Let,
f = Nominal frequency of oscil-
lator at start of run.

Af = Frequency chamge measur-
ed.
9%Af = Total per cent frequency
change measured.
9%Af, = Per cent frequency change

caused by oven leads, etc.

9%Afs = Per cent frequency change
caused by the sample.

9% AC == Per cent capacitance change
proportional to %fs.

% ACs = Per cent capacitance change

of sample.

AC,; = Capacitance change in the
sample.

AL; = Inductance change in the
sample.

C: = Total capacitance to tune.
C; = Sample capacitance.
/4 Temperature rise in degrees
Centigrade.
% T.= Temperature coefficient ex-
pressed in per cent.

3.0
Time—Hours

Fig. 7. Temperature-time characteristics of inductors
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Then, %Af = Af”jiwo .
%Afs: %Af'—%Afo (2)
%AC = 2X %Afs (3)

for small values up to 0.5 per cent.
From Fig. 1 it follows that:

%ACs = %AC X Ce

Cs
as plotted in Fig. 5, 6, and 7.

C: and C, are determined by pre-
cision bridge methods. Then,

0 _ %AC,

% AT = T
as tabulated in the table.

The per cent change of inductance
is calculated from the frequency
change measured in the same manner
as outlined for the capacitance calcu-
lations.

Absolute values of capacitance or
inductance changes can readily be
calculated from the following equa-
tions:

ACs

AL,

(4),

(5,

% ACs X Cy
% A Ls X Lg

(6)
)

Results of Measurements

The table lists the various samples
measured and the average tempera-
ture coefficients determined from a
30°C change in temperature.

Fig. 6 shows the temperature. char-
acteristics of various fixed capaci-
tors. These capacitors are experi-
mental samples made especially to
determine the effect of using various
insulating materials as dielectrics,
and the effect of various methods of
construction (type of case, clamping
etc.) upon the temperature coeffi-
cient. The curves drawn in Fig. 6
show the possibility of using com-
binations of two capacitors having
equal opposite temperature char-
acteristics to obtain a capacitance
having practically a zero temperature
coefficient.

In Fig. 5 the temperature char-
acteristics of various adjustable air
capacitors are plotted. Sample 1 is
an ordinary midget type capacitor
of light construction. Sample 2 is a
two section capacitor of heavier con-
struction than those ordinarily used
in radio design. Three curves are
plotted for sample 2 showing the
difference in characteristic with
plates at full, one-half, and zero
mesh. A difference in the average
temperature coefficient of two to one
will be noted from zero to full mesh.
(See Table). Measurements on sam-
ples 3, 4, and 5; (Fig. 5 Table).

(Continued on page 66)
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Temperature Coefficients of Various Samples

of Capacitance and Inductance Measured

SAMPLE

CAPACL-
TORS
MMF

*TEMP.
COEFF.
PER C.
RISE
PER CENT

REMARKS

FIXED CAPACITORS

1

#1  Micalnsulation Aluminum Case 28.1 +0.0088
#2 Special Type Insulation not de- 60.6 +0.0011 Erratic while heating
signated. Aluminum Case. between 30° and
60° C.
#3 Special Capacitor as above. .. 48.7 —0.0024
#4 Sulphur Insulation Bakelite 47.0 —0.0032 | Sharp decrease after
Case. 60°C.
Erratic between 50°and
60° C.
#5 Fused Quartz Insulation. My- 38.7 +0.0027 Erratic between 60°and
calex clamps. 80° C.
#6 Fused Quartz Insulation. My- 30.4 +0.0030 | Became erratic at60°C.
calex clamps. Pocr Retrace.
#7 German Tubular Type Karafar] 112.5 —0.0211 Large Temp. Coeff.
Insulation. but excellent retrace.
ADJUSTABLE AIR CAPACITORS
#1  Midget Type Isolantite Sup- 25.0 +0.0017
ports. (Full Mesh)
#2 Special Two Section Type| 132.7 +0.0033 | Good Retrace
Heavy Aluminum Plates| (Full Mesh)
and Spacers, Mycalex Sup-
ports Rear Section.
#2 Special Two Section Type 69.1 +40.0065 | Good Retrace
Heavy Aluminum Plates| (2 Mesh)
and Spacers, Mycalex Sup-
ports Rear Section.
#2 Special Two Section Type 9.7 +40.0077 | Good Retrace
Heavy Aluminum Plates| (0 Mesh)
and Spacers, Mycalex Sup-
ports Rear Section.
#3 Special Type Invar Plates Brass 66.4 +0.0005 | Good Retrace
Spacers Mycalex Supports. | (Full Mesh)
#4 Special Type as above. ... .. 146.7 +40.0007 | Good Retrace
(Full Mesh)
#5 Special Type as above....... 75.6 +40.0010 | Good Retrace
(Full Mesh)
#6 Special Type Cadmium Plated| 168.2 +40.0016 | Good Retrace
Invar Plates with Mycalex| (Full Mesh)
Supports.
#7 Special Type Gold Plated| 1265 +40.0029 | Fair Retrace
Aluminum Plates Aluminum| (Full Mesh)
Frame Mycalex Supports. f
INDUCTANCES
TEMP.
INDUC- COEFF.
SAMPLE TANCE PER C REMARKS
UH RISE
PER CENT
#1  Fire Plated Coil on Grooved 11.8 +0.0013 Fair Retrace
Calit Form.
#2 Ordinary Coil # 18 Cu. Wire 14.4 +0.0020 | Erratic while heating
wound on grooved porcelain
form.

*Temperature Coefficients calculated on 30° Crise basis. The prefix (+) indicates a posifive

coefficient, and (—) indicates a negative coefficient.

Anmbient Temperature is 25° C
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Direct Disc Recording

In producing “immediate playback” records, careful attention must be paid to turntable,
cutter head, record blanks, and reproduction facilities. The second article in a series on

practical recording problems.

By C. J. LEBEL

Recording Consultant

1 — Ideal response pattern.
Gradual increase in level from 25
to 300 cps, flat from 300 to 8500.
(H.M.V. Record D.B. 4037, No. 10)

Fig.

N the last few years a new branch
of disc recording has become ex-

ceedingly important. It is the field
of direct recording, which may be
defined as the production of dises
suitable for immediate playback with-
out processing. They are used in
many applications, perhaps, half of
which are related to broadcasting and
the other half to a variety of other
purposes.

Before taking up the subject in
detail it is necessary to distinguish
between recording and reproduction.
The latter is relatively easy. The
sources of trouble are few and may
be directly traced. But the production
of records is another story. In broad-
cast transmitter practice, for ex-
ample, an instant’s overmodulation is
quickly forgotten. It does no per-
manent harm to the station’s reputa-
tion if not too often repeated. The
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equivalent in recording is a “cut-
over’—only one of which will per-
manently ruin the record. Other
sources of trouble are not so easy
to locate. Distortion may be due to
so many things—sounding quite alike
to the average ear. Hence the good
recording engineer is a very cautious
man, continually checking his equip-
ment. The broadcaster must emulate
him before attempting disc work,
otherwise he may be a failure.

High-fidelity recording

In considering the subject of di-
rect recording, high fidelity may be
broken down into four parts:

1. Stability of speed, i.e., steadi-
ness of tone.

2. Frequency range.

3. Minimum harmonic distortion.

4. Minimum noise level, low hum
level, scratch.

We come first to the driving
mechanism. Stability of speed is
the most important consideration.
Gear drives and steel ball friction
drives are at the present time the
most perfect and most durable—
when properly built. It is necessary
to use a mechanical filter to iron
out motor vibration and gear irregu-
larity, and this must be properly de-
signed and set up. Once adjusted,
such as system is, however, quite
stable. The one objection is cost.

An alternative method is the- use
of an endless woven cotton belt.
This is successful if the proper ten-
sion is maintained. One objection is
that sufficient reduction cannot be ob-
tained with a commercial motor with
one belt; two drives in series are
needed for each machine. The space
required may be inconvenient.

wWwWwW americanradiohistorv com

Another popular method is the
use of one or more rubber faced
rollers, driving the turntable rim
by friction. One the whole, such
machines have been satisfactory
when handled carefully to avoid put-
ting a “flat” on the rubber roller,
maintaining proper pressure, ete. It
is especially necessary to release
roller pressure when not in use. The
matter of speeds arises in connection
with the question of drive. Thereisno
question but that an installatfion
handling the general run of work
needs two-speed machines. Great
speed of changeover is ordinarily not
needed; however, the gear or steel
ball friction drives are usually
changeable at the throw of a lever;
other types may take at least a few
seconds.

The next question is one of feed
mechanism which establishes the
spacing of the grooves. This is not
quite as important as the turntable
drive; the worst defect is that of
periodic “twinning” in the feed, i.e.,
periodic failure to feed exactly, caus-
ing two grooves to be closer together
than the rest. This cuts down the
level which can safely be recorded,
which raises the relative level of the
surface noise. Twinning is a fault
of a particular machine or maker
rather than of a design.

In some designs it is difficult to
change the feed pitch; this is seldom
objectionable because even at the
worst the time required is not ex-
cessive, The overhead feed mechan-
ism, where the feed screw is exposed,
usually is poorest in this respect, for
the whole feed screw must be re-
moved. A built-in feed mechanism,
where the pitch is changed by a
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slip gear or a movable belt, is much
more convenient than this, but usual-
ly more expensive. The following
approximate pitches are desirable:
110, 96, 120 grooves per inch. The
last two are conveniences rather than
necessities.

This brings us to the choice of a
turntable and feed mechanism.
Ordinarily both are secured to-
gether from the same manufacturer.
. The first step is to start the motor
running. Touch the spindle at the
top while it turns. There should be
absolutely no vibration at 33% or 78
rpm. Vibration is completely inex-
cusable; it will record as hum on the
dise. Then fit a good wide range
cutter head to the feed and make a
record. Is it easy to maintain proper
depth of groove? Are there any
traces of wows in a piano recording?
For this test be sure that the play-
back pickup is wide range and the
playback turntable free from waver.
Finally hold the disc in a good light
and examine for traces of twinning.
General inspection, when held two
feet away, will usually show up
irregularities in the regular pattern
of the spiral. Some machines pro-
duce an irregular defect. Others—
especially some of the overhead feed
devices—tend to have twinning occur
regularly. Often one with a remov-
able screw will be all right with one
gerew and bad with another, evidence
of a bad gear.

Cutter head characteristics

The cutter head governs frequency
range. The importance of this is so
little realized that one successful
maker for several years put out a
complete recorder with an amplifier
with good response as high as 10,000
cycles, but a cutter head cutting off
completely at 2,500 cycles!

The perfect cutter would cut a
groove of constant velocity at all
frequencies between 300 or 500 cycles
and say 9,000 cycles. Below the lower
cutoff frequency the velocity becomes
proportional to frequency; this is the
go-called constant amplitude range
which is commercial standard. The
reduced bass allows more volume on
the record without overcutting.

The position and character of the
high frequency cutoff is of consid-
erable importance. A sharp cutoff
definitely sets the upper frequency
cutoff at f.. For good results this
should be above 5,000 cycles (5 db.

Fig. 2—Example of the use of re-
sponse patterns. The cutter alone
produced a pattern (below) having
poor high frequency response, With
some equalization (upper right) the
highs were brought up. Attempts to
introduce more equalization pro-
duced on objectionable peak (right)
in the middle-frequency range, due
to improper shape of the equalizer
curve

down) and preferably over 6,500
cycles if possible. Note that such
a sharp cutoff cannot be extended
far by equalizing.

On the other hand, a curve having
a less sharp cut-off can easily be
equalized. Such a cutter might be
12 to 14 db. down at 6,000 cycles,
perhaps even more, and would still
be satisfactory. A cutter of this
type sells for perhaps 20 per cent
of the cost of the first mentioned
type. A given wide frequency range
may thus be obtained with the poorer
cutter and an equalizer for much
less than the cost of a wide range
cutter.

Fig. 3—(a) Proper method of

head. An amplifier of known characteristics is required.

A cutter accessory, which is not
used as widely as it should be, is
the advance ball, a small ball or
shoe carried on an adjustable arm
next to the stylus and riding on the

uncut surface. Adjusting the ad-
vance ball regulates the depth of
the cut. The easiest way of illustrat-
ing its value is to examine the
ordinary record cut without such a
device. Under the microscope or even
to the naked eye there is unmis-
takable evidence of cutting light and
heavy, that is the depth and width of
cut are greater on one side of the
record than the other. In practice
few engineers realize the serious re-
duction of volume compelled by the
over-heavy cut, or by any deviation
from the equal width of groove and
land. An advance ball is an absolute
remedy for this.

Testing cutters

There are two simple methods of
testing direct recording cutters: the
playback and the pattern methods.
In the playback method a series of

feeding constant level to cutter
(b}

Another satisfactory feed method, replacing the amplifier output
impedance with a resistor after the volume indicator

indicotor

Cscillator
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various frequencies, at constant level,
are fed to the cutter. The cut record
is then played back on a reproducing
system of known, nearly flat charac-
teristics and the output measured.
Applying calibration data, the char-
acteristics may be plotted. The only
objection to this method is that
very few people have a calibrated
reproducing system of adequate qual-
ity. Some weird results have been
secured by assuming a phonograph
pickup to have a flat response.

The optional pattern method has
been used by wax recorders for sev-
era] years. It was described by Buch-
mann and Meyer, who give a proof
of its validity. In this method the
record is cut as before, then is ex-
amined in parallel rays of light. Sun-
light is parallel, as is the light from
a small lamp bulb some distance
away, or the beam from a spot-
light. By tilting the record while
looking at it from some distance,
a position will be found in which a
light pattern appears, shaped like a
Christmas tree silhouette. The
width of the pattern, measured at
right angles to the radius, is directly
proportional to the volume at that
point. The ideal cutter pattern might
appear as in Fig. 1. In the use of the
pattern method it is possible to take
advantage of the instantaneous op-
tical method of reading to secure a
continuous graph of the characteris-
tics, rather than a point by point
series. This is done by using a
heterodyne type of oscillator. The
oscillator is set for the highest fre-
quency to be recorded and the re-
cording machine is started, cutting
from the outside of the disc in. As
the cut proceeds the frequency is
gradually and continuously decreased
until at the end of the record the low-
est test frequency is reached. At vari-
ous reference frequencies the tone is
interrupted for two revolutions of the
turntable. This produces a distinct
series of lines to mark the important
points. The great advantage of a
sweep or glide pattern is that there
is no chance of missing large but
sharp peaks, which might be skipped
in cutting at only a few frequencies.
The continuous change in frequency
is best secured by using a verniei
dial on the oscillator condenser
shaft, and driving the slow motion
shaft from a geared down miniature
motor, preferably thru a flexible
shaft.

The following point needs to be
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very strongly emphasized to record-
ers who are not transmission engi-
neers. When cutting a pattern or a
test record for playback, be sure that
the cutter is properly fed. The
word “matched” has not been used
because matching cutter and ampli-
fier in the classical sense is not cus-
tomary. Proper feed does not mean
the far too prevalent practice shown
in Fig. 4.

As the oscillator frequency is
varied the volume indicator reading
is kept constant. This is completely
wrong for it has the same effect as
feeding the cutter from a source of
zero impedance—which completely
suppresses the effect of the cutter
impedance. The proper circuit would
be, with an amplifier of reasonably
flat characteristic, that shown in

Oscillater

curve builds up a hump in the middle-
register. In b an excessively sharp
curve produces a valley in the over-
all curve. Either effect is equally
undesirable; the goal is not wide
range, but high fidelity. Irregulari-
ties in a response curve may be more
objectionable to the ear than lack of
overall range.

While we are on the subject of
irregularities in response there is
one thing which is overlooked by
many newcomers to recording, and
that is that the ear is the final judge
of quality. If the measurements show
a set-up to be good and the ear pro-
nounces it bad, it is bad.

In purchasing styli it must be
remembered that they are the most
important single factor in the con-
trol of surface noise. An ordinary

Amplifier

Molume
|r'-.|_'l ||:=1_'.|§|:rr= I:u*h:r'_ £

T T

Fig. 4—Improper method of maintaining constant level at the cutter

Fig. 3-a. Here constant level is main-
tained at the input after a pre-
liminary adjustment for normal out-
put level at say 1,000 cycles.

If this method is not desired, due
to doubt of the amplifier calibration,
the best method is that of Fig. 3-b.
In this case  is equal to the actual
output impedance of the recording
amplifier as presented to the cutter,
not the nominal value. Constant level
may then be maintained by the vol-
ume indicator.

The proper interpretation of a
pattern is a subject in itself. No
commercial unit is likely to produce
a perfect pattern and the choice of
the best value is a serious problem.
Inspection of the sample patterns
shown in Fig. 2 may be suggestive.
In examining the characteristics, the
possibility of the use of equalizing
networks should be kept in mind.
When using networks be sure that
the equalizer and cutter curves match
well enough to produce the desired
effect.

In the diagrams in Fig. 5 we see
the effect of an incorrect equalizer.
In a the use of too broad a boosting

machine-made steel point is too rough
for first-class results. Steel styli
should be hand-lapped with diamond
dust; the cost is not excessive. At
the other extreme we have the
sapphire—the finest technical product
of the lapidary’s art. If properly
made, it will give an exceedingly
smooth and quiet cut. With record
blanks of modern commercial qual-
ity the life of a sapphire is long.
This brings us to the question of
examining styli. Most recorders
examine only the front surface under
their microscopes. This is only one-
third the job. The edge is formed
by the intersection of two back sur-
faces with the front plane. Any
flaw in any one of the three surfaces
will give a ragged, noisy groove,
hence all surfaces near the tip, must
have no less than a mirror finish.
An interesting improvement has
been the process of very slightly
dulling the edge of the stylus. If
carefully done, by one properly
skilled, the result definitely improves
the smoothness of the groove and
hence quiets it. The unskilled usually
overdo it and ruin the edge com-
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pletely. That is -why so few lapi-
daries—however skilled with jewelry
——can make first-class recording
jewels of any type.

Co-important with cutting points
in reducing noise is the character
of the material used. The first prac-
tical material used in this country
was aluminum. It is still in use,
though not for broadcasting. The
objection has not been to its durabil-
ity—which is excellent—but to the
noise level, which is a bit high for
many applications.

We come finally to cellulose nitrate,
usually coated on metal. This is un-
questionably the standard material.
It is quiet, moderately durable, and
can easily reproduce a high fidelity
cut. In handling cellulose nitrate
(usually miscalled ‘“acetate”) re-
member that the material is some-

-

Cutter-- BN

Response

Freguency

As a matter of fact a very good
monifor system, according to many,
is the use of a pickup and a separ-
ate amplifier, i.e., playback monitor-
ing while recording. The advantage
lies in the ease of detecting cut-
over, distortion, high surface noise,
and other defects while the recording
is in progress. This is satisfactory
for a carefully monitored radio pro-
gram recording, but for most work
the ability to hear the program as
well as read the volume indicator is
essential. Combining the two sys-
tems we have, in Fig. 6, what the
writer considers the most satisfac-
tory arrangement.

Thirdly, it should be very easy to
run a test. When it is necessary to
pull half the control room apart to
run a test—few tests are run. The
oscillator should be permanently

- O o]
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.
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Fig. 5—Effect of incorrect equalization on response characteristic

what unstable chemically, and fur-
ther that most makers use a rather
volatile material to preserve plas-
ticity. Open storage or heat will
embrittle the coating, producing a
very noisy groove.

One matter of safety is this: The
metal base makes a nitrate coated
blank quite safe, but the shavings
are violently inflammable. They
should be disposed of under water as
soon as possible. A dry can full of
shavings is not safe.

Auxiliary equipment

The well equipped recording chan-
nel includes a number of items not
usually included in a radio installa-
tion of equal quality. First, the
equalizers must be mounted where
readily accessible, preferably on the
mixing panel. Secondly, the monitor
system input should not be so posi-
tioned as to produce an unnatural
sound. This means that connecting
the monitor speaker directly across
the cutter may be unwise, particular-
ly when the cutter is inductive or
when the equalizing is great.
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mounted and wired, and a system of
jacks or clips should be provided to
simplify connections. If, as should
be the case, the optical pattern
method is used, a small motor drive
may be provided for the best fre-
quency oscillator to assure uniform
patterns. Hand operation by varying
the proportions of the pattern tends
to obscure the characteristic shape
and to that extent make it hard to

detect small changes in characteris-
tics at a glance—which in turn makes
it that much less likely that minor
troubles would be detected before
they become major.

This point is of more importance
than many realize—it cannot be
over-emphasized: A properly run
studio will check the entire system
quantitatively from preamplifier to
cutter every morning. This means
over-all gain runs from system input
to output, plus patterns for every
cutter to be used that day.

Finally, the reproduction facilities
should be exceedingly good. In di-
rect recording, dubbing is so often
necessary that excellent reproduction
facilities should be provided right in
the control room, preferably within
easy reach of the control engineer.
The proper tonal balance in a pickup
circuit used for dubbing is rather
weaker on bass than when used for
direct reproduction. Just enough
bass compensation should be provided
to neutralize the bass attentuation
in recording.

On the other hand, much more bass
compensation should be provided for
audition purposes. It used to be
said, with truth, that a record would
sound better anywhere than at the
studio which recorded it. The way
to avoid this reproach is to provide a
really good system for clients. The
extra bass compensation is needed to
compensate for the bass attenuation
of the human ear at ordinary audi-
tion volume. By extending this com-
pensation down to 40 cycles, and
using equipment specially designed
to produce little distortion at the
lower frequencies, startling realism
may be achieved. This greatly en-
hances the value of direct recordings
for audition purposes.

Fig. 6—Playback and menitoring set-up recommended for maxi-
mum flexibility
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Fig. 1

Circuit for utilizing volt-

age at grid ‘of power

tube as distortion limit-
ing potential

Distortion Limiter for Radio

Methods of preventing distortion arising from overload at first audio

or power audio grids from appearing in the output of receivers at

high volume levels

VERY desirable feature of a
radio receiver is to be able to

turn the volume control up to maxi-
mum, increasing the audible signal
without evidence of distortion re-
sulting from amplifier overload. An
amplifier may of course overload at
two places ordinarily, at the output
tube grids and the first audio tube
grid. The method described here
can be made to eliminate the distor-
tion at both ends of the amplifier.
The circuits used to produce the
desired results must employ as the
first amplifier tube one whose char-
acteristic is such as to produce no
appreciable distortion over wide
range of applied negative grid volt-
age. The 6K7 tube or equivalent
used as a pentode in a resistance
coupled audio amplifier does not pro-
duce the desired effect because of
the high resistances necessary in
the screen and plate circuits. The
6K7 or equivalent used as a triode,
however, produces exactly what is
desired, since the plate current vs.
grid Dbias characteristic is very
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nearly exponential over the range de-
sired. Measurements on the tube
have shown that as much as 55 volts
of bias can be applied, increasing
the input signal to produce the same
audio output as obtained with 3 or 4
volts of bias with a rise in distortion
of approximately one percent.

The circuits described below in
principle utilize the voltage of the
output tubes (either plate or con-
trol grid), rectify that voltage and
feed it back to the first amplifier tube
as negative d.c. to control gain. The
rectifier is delayed in some cases and
effectively loosely coupled in others.
The circuit feeding from the diode
rectifier to the input tube must be a
filter to prevent audio from feeding
back and also must have the proper
time constant to prevent too rapid
an action which might result in
“chopping” off peaks valuable to good
reproduction. Thus, with the nega-
tive voltage increasing on the first
amplifier tube, it does not overload
and prevents the output tubes from
overloading by limiting the power

wWwWw americanradiohistorv com

outputs to a predetermined setting
dependent upon the amount of dis-
tortion allowable.

The simple circuit of Fig. 1 shows
an amplifier consisting of three
stages. The signal for the volume
control feeding the system may be
the usual rectified audio signal from
the radio receiver. It will be noted
that the signal from the plate of the
one output tube is fed to the diode
(d) through a small capacitor (c).
This in conjunction with C, forms a
voltage divider which puts a small
percentage of the audio voltage
across the diode where it is con-
verted to d.c. and causes a voltage
drop across R, which is fed back to
the first audio tube which causes
the amplification to be reduced. At
the same time the grid bias of the
first tube is increasing so that more
signal may be admitted to the grid
from the volume control without
over-shooting the grid which causes
more voltage across the diode and so
limits the amplification of the whole
system to prevent the output tube
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and the input tube from overloading.
It is true that a small percentage of
maximum power available ordinarily
is sacrificed but this can be reduced
to a very small amount. It will be
noted that the network feeding the
bias from the diode to the first tube
is composed of resistors and capaci-
tors. These are so proportioned as
to prevent low audio frequencies
from feeding back to the first audio
tube (i.e. low frequency filter) and
also the values are so chosen as to
create a time constant long enough
to prevent “peaks” from being
chopped off. Thus, the circuit shown
limits distortion without cutting off
peaks. This circuit can be well ap-
plied to 6L6 output tubes where high
powers are available. It will be noted
further that the first tube in the am-
plifier is shown as a pentode con-
nected as a triode.

Figure 2 shows another method of
applying the same principle in the
grid circuit of the output tubes.
Here an amplifier is used, biased
from the grid of the output tube
where the audio signal is also ap-
plied. The amplifier tube used is a
6Q7 which has a cut-off point of
about 7 volts. The output system
used is a pair of 6L6 tubes operated
with inverse feed-back and produces
approximately 30 watts. The output
tubes are driven by a 6C5 tube and
the input tube is a 6K7 tube oper-
ated as a triode. The 6QT7 tube
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starts to operate at about 4 volts
peak which means that at 21 peak
volts across the grid of the output
tubes, the 6Q7 begins to operate.
Grid current begins to appear in
the output tubes at a peak voltage
of 25 volts which is its operating
bias. Therefore, within the range of
about four or five volts, the 6Q7
tube must “trigger” off and pro-
duce enough bias to reduce the gain
in the amplifier and limit distortion.
A slight delay is also applied to the
diodes to prevent residual current
from reducing the gain of the am-
plifier prematurely. The four-volt
peak occurs at about 25 watts out-
put, so that from 25 to 30 watts,
(which is the maximum the limiting
tube will allow under normal oper-
ating conditions) is the operating
range. With reversed feed-back on
6L6 tubes the power sensitivity is
less than that obtained in Fig. 1,
so that the limits between 25 and 30
watts can be maintained satisfac-
torily. Here again peaks will not
be chopped off because of the chosen
constants in the filter circuit.

The attached curves show the re-
sults in a radio receiver of this
circuit. Further work was done with
this method of “distortion limiting”
using the 6L7 tube. The limitation
of the 6L7 tube is that any great
difference of potential between the
two control grids produces distor-
tion. Unless the bias is fed back
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Fig. 2

Use of a 6Q7 tube to
reduce distortion occur-
ring when voltage sig-
nals at output tubes
reach 21 to 25 wvolts

By M. L. LEVY

Radio Development Laboratory
Stromberg-Carlson Telephone Mfg. Co.

to both grids the deviation will cause
distortion. Since one grid is sharp
cut-off and the other is more or less
remote cut-off, the change of bias
on the sharp cut-off grid will cause
bad distortion, although this grid
is not the signal grid. Also, a cer-
tain amount of motor boating en-
tered into the scheme probably be-
cause of cut-off on this grid.
Tubes other than the 6K7 type as
a triode will operate successfully if
a shorter range of control is satis-
factory. The 55 and even the 6C5
will not produce undue amounts of
distortion for short ranges of con-
trol. There is no reason why this
method cannot be adapted to sim-
pler systems and produce good re-
sults except that overload signals are
sometimes necessary in low power
amplifiers for commercial reasons.

Fig. 3

Effect of distortion lim-
iter in production receiver
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By REINHARD K., HELLMANN

Transatlantic Research and Infor-
mation Service, Inc.

URING the last few years, the

circuit shown in Fig. 1 has
attracted much interest in the field
of communication engineering, be-
cause some important modulation
problems can be solved by it in a
simple manner. It comprises two
generators of any frequency, Q, and
Q., and a bridge-like arrangement of
non-linear resistances into which the
currents are fed by means of trans-
formers tapped at their centers and
a choke. There is, moreover, a third
pair of terminals, which are con-
nected to a load resistance R. The
effect of the circuit is that across
this load a voltage is developed which
consists essentially of the modulation
sideband of the two original fre-
quencies, these original frequencies
themselves being suppressed in the
output.

Working Principle
In order to explain how this ecir-
cuit works, let us first consider the
circuit shown in Fig. 2, which under
certain assumptions is equivalent to
that in Fig. 1, as we shall show later.
The generator of frequency . is

T he

MODU

connected to a load, R, through a
device acting as a reversing switch
free of inertia. This switch is oper-
ated by the generator of frequency
Q. in such a way that the polarity of
e, is reversed after each half period
of Q..

The effect of such a treatment is
shown in Fig. 83a and 3b. The fre-
quencies Q, and Q. are shown in the
upper lines. For the sake of sim-
plicity it is assumed that Q, is of
rectangular shape. In Fig. 3a Q. has
nearly the same value as Q,, while in
Fig. 3b the ratio is high, as in the
case of an r-f carrier (Q,) modulated
by an a-f signal (Q.).

From the reversed output voltages
shown in the lower lines, it can easily
be seen that the main components
present are the sum and difference
frequency o = Q; — @, and o =
Q, + Q. and that there is no com-
ponent either of frequency Q. or Q..
But it seems as if the output voltage,
which somehow resembles the fa-
miliar picture of a modulated wave,
shows considerable distortion. In
order to investigate this we may
analyze the output voltage by putting

Fig. 1, Schematic wiring diagram of the modulator bridge
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e; = cos Q, t.f (Qut), where f (i) is
a function with period 2=, the value
of which jumps from —1 to +1 and
vice-versa after every half-period.
The Fourier analysis gives the fol-
lowing expression:

ey =

2 1
=@ [cos (=)t — 3 cos Bt +. ]

When this formula is applied to the
case of Fig. 3a where the term with
0. — Q. is the only “desired” modu-
lation product, it is seen that there
are no harmonics whatsoever of the
desired frequency. The only “unde-
sired” components present in the out-
put are Q,+ Q. and those in the
neighborhood of 30, 50, etc., so that
they can easily be eliminated by
means of filters if necessary.

The question is how to design a
reversing switch which, according to
our assumption, is free of inertia.
It is obvious that only an electronic
device is suitable for this purpose,
as soon as audio or even higher fre-
quencies are being considered. A
device which meets these require-
ments is incorporated in the circuit
shown in Fig. 1. Four electronic
rectifiers are connected so as to form
a ring, the direction of the flow cur-
rents being the same for all branches.
Let us assume that e; is much greater
than e, as in most practical cases,
and that the rectifiers are ideal ones,
so that a small positive voltage will
make their conductivity infinite,
while a small negative voltage will
make it zero. Thus, during the half
period of Q, where point @ (Fig. 1)
is positive in respect to b, rectifiers
1 and 2 will become conductive and
thus connect e with ¢, so that e, is
across f and ¢. During the next half
period, 3 and 4 are conductive so
that e, is across f and d, the polarity
thus being reversed. In this way,
the desired effect is accomplished,
and the same conclusions apply as in
the case of Fig. 2.

Though tubes have been found to
do the job, metal rectifiers are pre-
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ferred for low and medium frequen-
cies, chiefly because of their nearly
exponential i-e characteristic. The
relation between the resistance r =
¢/t and the voltage ¢ is shown for a
copper oxide rectifier in Fig. 4.
Within a large range this relation
may be represented by r = 7,¢™*’, the
value of k being as great as 18, A
similar curve is valid for the differ-
ential resistance de/di, the resistance
presented to the e.-current which
flows to the load resistance R. Since
the value of r is changed by several
orders if the voltage is changed from
zero to a few tenths of a volt, the
ideal characteristic assumed above is
approximated very closely.

A more complete analysis confirms
that in spite of these deviations from
an ideal reversing switch, the fea-
tures of the device taken as a modu-
lator can be summarized as follows:

(1) A suppressed carrier modu-
lation is obtained with practically no
distortion of the desired modulation
product.

(2) By means of proper design,
the amplitude of this modulation
product can, within broad limits, be
made independent of the amplitude

of the “carrier” frequency and

strictly proportional to the other
voltage e,.

(8) The attenuation of the energy
transferred from the signal to the
side-band is practically zero.

(4) The circuits connected with
the three pairs of terminals do not
interact with one another, as the
device operates as a balanced bridge.

Application in Communication Systems

Due to these features, the modu-
lator bridge, equipped with metal
rectifiers, is adaptable for many pur-
poses when high quality modulation
is required with a small and light
unit. So it has found wide applica-
tion, especially in the European
countries. In Fig. 5, a modulator is
shown which may be adapted to a
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Fig. 2. Simplified diagram illustrating modulator bridge

500-ohm line in order to transfer
the a-f message to a higher fre-
quency band. Such a bridge can be
used either as a modulator or as a
demodulator, if only the transform-
ers and the filters at the output are
matched according to the special pur-
pose. Thus, similar arrangements
can be used in suppressed carrier
systems both at the transmitting and
at the receiving station. Its range
is, moreover, not confined to audio
frequencies. Though the capacities
of the metal rectifiers cannot be ne-
glected at higher frequencies, cir-
cuits have been found to work satis-
factorily at frequencies as high as
several hundred kilocycles.

The modulator bridge has found
one of its most modern applications
in concentric cable circuits, where
several hundred carriers are each
loaded with a telephone message. In
such systems, the filter requirements
are very critical. They can be re-
duced materially by transferring
every 0-3000 cycle message to a
higher frequency band by means of
premodulating it with an intermedi-
ate carrier of, say, 6 ke. For, if the
lower side-band (8 to 6 kc.) is se-
lected and applied to a carrier of 50
ke. for example, the new side-bands
of 44 to 47 ke. and 53 to 56 ke. can
be separated by means of simple fil-
ters. Since the modulator bridge
unit, as described above, takes very
little space and also does not draw
any current from batteries, it will
not be difficult to place some hundred
of such premodulators in a single
booth.

It is specially interesting that the
device will work even if one of the
currents involved is d.c. If both
input frequencies, Q, and £, are
equal, a steady voltage is set up
across the load resistance, the value
depending on the amplitude of e. and
the phase relations. Thus, the modu-
lator can be used as a phase meter
or monitor.
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operation

Fig. 3. Effect of operating on the sine
wave with circuit of Fig. 2

Fig. 4. Characteristics of copper oxide
rectifier

Industrial Applications

Industrial applications have been
made with a circuit like that in Fig.
5 for such purposes as measuring the
humidity of paper in paper-mills. A
generator of 5000 cycles feeds a mod-
ulator bridge (I) as well as a second
bridge (II), one capacity branch of
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which is designed as a measuring
condenser. A part of its dielectric
consists of the material to be tested
in mass production, such as paper.
Thus, humidity changes in the latter
will cause changes in capacity and
will disturb the balance of bridge
(IT). The alternating voltage estab-
lished is fed through an amplifier

cylinder of an engine, for instance,
can be recorded without distortion.

The modulator bridge is of no less
importance in the designing of port-

able equipment for testing floors and *

laboratories. Beat frequency gener-
ators are the most frequently used
source of a-f voltage, but the full
advantage of testing arrangements

Fig. 5. Application of modulator bridge to measurement of humidity

into the modulator bridge (I), where
a deflection of the instrument will
result. The bridge (II) can be set
in such a way that positive and neg-
ative deviations from a medium hu-
midity can be read directly in per
cent. It is especially convenient that
the arrangement can be adjusted to
indicate changes in capacity only, no
matter how the loss-angle changes.
On the other hand, special loss-an-
gle measurements can be made for
continuously testing the uniformity
of insulating material, such as tape
ete. The device has been installed in
rubber plants to control the thickness
of the rubber band produced.

Most frequently, a measuring con-
denser is used the capacity of which
is varied with pressure. If the in-
strument is replaced by an oscillo-
graph, the pressure occurring in the
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based on it is only obtained if the
generator is practically constant over
the entire audio range. Ags the fre-
quency of one of the high frequency
oscillators used in such a generator
has to be varied, its voltage will have
to change too as a rule, unless the
percentage of the frequency change
is very small. Such small changes
mean high oscillator frequency and
hence reduced stability. The modu-
lator bridge is the type of modulator
in which the output amplitude can
be made independent of the control
frequency amplitude. Thus, if the
variable frequency oscillator is taken
as the voltage source e, and the fixed
one as e, a theoretically constant and
undistorted output voltage of the dif-
ference frequency will be developed
throughout the whole frequency
band. The sum frequency can be

eliminated by a properly designed
low-pass filter.

There are some limitations to this
ideal performance, which are essen-
tially set by the fact that the revers-
ing switch is not an ideal one. Pos-
sible non-uniformity of the rectifier
characteristics is another point
which must be considered carefully.
If the bridge is not exactly balanced
the circuits become coupled to some
extent. In the case of the beat fre-
quency generator, spurious h-f volt-
ages will appear across the output.
Moreover, a coupling of both oscil-
lators will occur resulting in in-
creased distortion towards the lower
end of the a-f scale. But after all
these subtleties have been investi-
gated, remedies have been found for
most of them, so that rather intricate
problems of measurement have been
solved.

One of them is the amplification
of frequency bands starting with fre-
quency zero. Designing stable d-c
amplifiers, as is well known, presents
difficulties which could be overcome
only by rather complicated means.
This task has also been materially
simplified if the modulator bridge
circuit is altered in such a way that
it can handle a steady voltage too
instead of an alternating voltage
only. Then, an output voltage of fre-
quency , will be produced across the
output terminals, the amplitude be-
ing strictly proportional to the fluctu-
ations of the d.c. Stable amplification
of this voltage can easily be secured
by means of an orainary resonance
or band amplifier. At the output of
the device an amplified d.c. is pro-
duced by a similar bridge circuit op-
erated as a demodulator.

A complete account of the possibil-
ities involved in the modulator bridge
could not, of course, be given in this
article, nor was an attempt made
to deal with the theoretical side
which also presents some interesting
problems. More applications and
more complete information on the
problems mentioned will be found in
the papers listed in the attached
bibliography.
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