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RADIO TUBES

Since 1915 -
Standard for all sets.

1 type in 1915

2 types in 1920

15 types in 1926
RADIO progress has set

a fast and exacting
pace these past few

years. One single type of
tube seemed adequate ten
years ago. Four years ago
two types apparently serv-
ed the purpose. And today,
with its greater and more
exacting demands for im-
proved radio reception, the
research and engineering
talent back of Cunningham
Radio Tubes contributes
its share to radio progress
with fifteen perfected spe-
cial purpose types, each
one efficiently mastering
its particular task.

FIFTEEN TYPES
0 in the 1/range and Illnr

Carton



Electrostatic Condensers
For All Purposes
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There are over 200 standard "FARADON" condensers
on which immediate deliveries can be made. Complete
new catalog sent on request.
Those interested in Carrier Current Coupling Conden-
sers should ask for copy of Bulletin 101.

The engineering staff of the Wireless Specialty Ap-
paratus Company will co-operate fully with those
having special equipment under consideration. Esti-
mating data, quotations or any other information
furnished promptly on request.

Wireless Specialty Apparatus Co.
JAMAICA PLAIN, BOSTON, MASS.

Established 1907



2134 Woolworth Bldg., New York

SOMETHING NEW
And Just What Radio Men

Have Been Waiting For

Real Pocket
Portable

Direct and Alternating
Current

Ammeters, Voltmeters,
Volt -Ammeters and

Wattmeters
ROLLER -SMITH

Types HTD and HTA.
Small enough for your
pocket, your tool kit or
your traveling bag.
Compact and light
enough to suit the most
critical.
Accurate and rugged
enough to suit the
most exacting require-
ments.
A wide enough variety
of ranges to cover
many tests, particular-
ly those encountered
in radio work, that
have heretofore re-
quired large portables.
Send for New Bulle-
tins K-110 and K-150.

"Over thirty years' experience
is back of ROLLER -SMITH"

ROLLER_ SMITH COMPAN
, Electrical Measuring and Protective Apparatus

MAIN OFFICE WORKS
Bethlehem, Penna.

Offices in principal cities in U. S. A. and Canada.
Representatives in Australia, Cuba and Japan.



Vacuum Tube Bridge
TYPE 361-A

The Type 361-A Vacuum Tube Bridge
provides a means for measuring quick-
ly and accurately the dynamic and
static characteristics of vacuum tubes.
Direct reading to two decimal places in
amplification constant and 10 ohms in
plate resistance.

Price $250.00

Bulletin 414X on request

GENERAL RADIO COMPANY
30 State Street Cambridge, Mass.



AmerTran Power
Transformer PF-52

$18.00 Each

By recommending AmerTran Ra-
dio Products for the purposes to
which they are best suited, we be-
lieve that the experimenter and en-
gineer will more quickly appreciate
the high standards of these pro-
ducts in design, construction and
performance.

The AmerTran Power transform-
er is thoroughly dependable used
as an ordinary half -wave Rectifier
(400 v 60 ma. D. C.) in conjunction
with the AmerChoke type 854 as a
filter choke. And the same trans-
former is adapted to an 800 v 60 ma.
D. C. double half -wave Rectifier
using two rectifier tubes and the
AmerChoke.

Transformers of larger rating and
higher voltages have been built for
various radio concerns by this com-
pany since the beginning of the in-
dustry. Experimenters and engin-
eers are invited to come to us for
information on any special appara
tus or on the use of standard
AmerTran parts. Write

The American Transformer Co.
178 Emmet Street, Newark, N. J.

"Transformer Builders for
over 26 years"

Other
AmerTran
Products

AmerTran De Luxe
1st and 2nd Stages

Each $10.00

AmerTran AF -7
and AF -6
Each $5.00

AmerTran Power
Transformer PF-64

Each $15.00

AmerChoke Type
854

Each $6.00

AmerTran Res stor
Type 400
Each $7.50

H-28 Heater
Transformer (for

A. C. Tubes)
Each $10.00

Iv



Grebe Flexible
Unit Control

makes theSynchro-
phase a set of one,
two or three -dial
control at your

option

Illustrates the
double range of
the S -I -F Con-
denser dials
which make it
easy to sepa-
rate stations,especially
those using
low - wave

lengths.

ISO 240 SSO

All Grebe up-paratu lecovered hr
oetentageent-
ed and Pend-

' s.

gh-e

Synchrophase -
One Dial

for Convenience

Three
for Precision

THE simplicity of one -dial control,
so much exploited today, was given

the Synchrophase in 1925 when the
Flexible Unit Control was installed.
But the convenience of one -dial opera-
tion was not made at the sacrifice of
individual dial setting-a great advan-
tage when extremely accurate tuning
is desired.
A review of radio development shows
that Grebe is usually well in advance:
viz., Binocular Coils, S -L -F Condensers,
Colortone, Low -Wave Extension Circuits,
etc.

Send for Booklet I which fully
explains them and shows how
they produce the reception for
which Grebe sets are noted.

A. H. Grebe & Co., Inc.
109 West 57th Street, New York

Factory: Richmond Hill, N. Y.
Western Branch

443 So. San Pedro St., Los Angeles, Cal.

This Company broadcasts through
stations WABC and WBOQ.
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The New WESTON
Battery Eliminator Voltmeter

THE increasing use of battery eliminators has created a need
-I- for a special type of Voltmeter to indicate the true value of

the voltage delivered. The ordinary type of Voltmeter used
with a battery eliminator will not give correct indications
because of the current such voltmeters require. Most
battery eliminators cannot maintain their voltage when
an appreciable amount of current is required. IWes-
ton, constantly alert to be of the utmost assist-

ance in the development of the art of radio,
again provides an instrument to meet this new
condition. CThis new Voltmeter, known as
the Weston Battery Eliminator Voltmeter,
requires only one milliampere for full
scale deflection and has a self-contained
resistance of 1,000 ohms per volt. It is
made in double range combinations of
200/8 or 250/50 volts and the latter
range can be supplied with an ex-
ternal multiplier to increase the
range to 500 volts. 11This Battery
Eliminator Voltmeter is hand-
somely enclosed in Bakelite and
is supplied with a pair of 30"
flexible cables

WESTON ELECTRIC INSTHITMENT
CORPORATION

Newark. -\. J.

STANDARD THE WORLD OVER

73 NNe..tott ANenue.

WESTON
Pioneers since 1888

VI



With the "Trouble -Shooters" of the North Atlantic
ICE -BERGS - towering, ponderous, deadly moun-

tains of ice drift southward from the ice field: -
of the Arctic into the traffic lane of trans -Atlan-

tic steamers.
Locating and destroying them is the perilous

and never-ending duty of the United States Coa3t.
Guard cutters.

Shell fire and high explosives, however, orten
fail to blow the bergs from the sea, and war -tugs
are then broadcasted by radio to every ship whose
course lies through the danger zone.

Smooth power, unfailing dependability over long
periods and under all conditions of service are quali-
ties demanded in the radio batteries used in this
dangerous naval service.

The fact that Burgess Batteries meet those re-
quirements recommends them to you for your own
receiving set.

Ask Any Radio Engineer
BURGESS BATTERY COMPANY

GENERAL SALES OFFICE: CHICAGO
Canadian Factories and Offices: Manara Falls aid Winnipeg

BURGESS RADIO BATTERIES



Cl-e 4r -u p the
to n -e -

Do you get a blast when you turn the volume
up a bit? Do you get sweet, clear tone at low
volume, but noise when it's louder? The trouble's
probably right in one tube- the tube in the last
audio stage. The Radiotron laboratories dis-
covered that no ordinary tube can.let big volume
through clearly. Change one tube to an RCA
power Radiotron. Then turn up the volume . . . .

and it comes through clear!

Bring your storage battery Jet up -to -dale with
a power RADIOTRON UX-171 or UX-I12
a detector RADIOTRON UX-loo-A

RADIOTRONS UX-201-A for all-round quality.

Bring your dry battery set up-to-date with
a power RADIOTRON UX-120

and

RADIOTRONS UX-199 for all-round qualityand

RADIO CORPORATION (11 AMI.RICA - NEW YORK CHICAGO - SAN FRANCIS(()

RCA--Ikadiotron
\ I .A I ) I 11 \ I II I \I \ R. I R ))) (II I I( A 1)1 ()I
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INSTITUTE ACTIVITIES
NEW YORK MEETING, DECEMBER 1.

At the December meeting of the Institute, held in the
Engineering Societies Building, two papers were presented :
one by Sylvan Harris, entitled "Notes on the Design of
Resistance -Capacity Coupled Amplifiers," and one by M.
Baumler entitled "Simultaneous Atmospheric Disturbances
in Radio Telegraphy." The latter paper was read by Mr.
D. K. Martin, and Mr. Harris' paper was read by Mr. D. E.
Harnett. There was a very thorough discussion of the
papers ; participated in by Dr. J. H. Dellinger, C. M. Jansky,
Jr., Roy A. Weagant, R. H. Marriott, Arthur Lynch and
others. About two hundred members attended the meeting.

DECEMBER MEETING OF BOARD OF DIRECTION

At the meeting of the Board of Direction, held at Insti-
tute headquarters on December 1, the following were pres-
ent: Donald McNicol, president; Dr. J. H. Dellinger, past
president; W. F. Hubley, treasurer, and the following Man-
agers : L. A. Hazeltine, Melville Eastham, J. V. L. Hogan,
A. H. Grebe, R. H. Marriott and L. E. Whittemore.

The following were transferred to Member grade : Bald-
win Guild, A. V. Simpson, L. E. Taufenbach, R. B. Stewart,
H. W. Holcombe, D. K. Martin, George Uzmann and K. S.
Johnson. Direct elections to Member grade : E. G. Widell
and R. W. Seabury.

Fifty-seven associate members and seven junior mem-
bers were elected.

Report was made of the establishment of a Section of
the Institute at Hartford, Conn.

MEMBERSHIP CARDS FOR 1927

The Card of Membership issued to Associates was first
distributed to all Associates in the year 1926. The new cards
for 1927 are ready and are being sent to all Associate mem-
bers upon receipt of dues for the coming year. The new
cards are of an attractive orange color.

SECTIONS COMMITTEE

The Sections Committee, D. H. Gage Chairman, held a
meeting at the chairman's office 253 Broadway, New York
on the afternoon of November 23rd. The committee has done

6



6 Institute Affairs
good work in connection with Section development and has
plans under way looking to the establishment of additional
Sections in territories where there is a large enough num-
ber of members of the Institute, or where such member-
ship could be built up.

News of the Sections

SEATTLE SECTION

The Seattle Section held a meeting on November 6th
in the Club Room, Telephone Building, Seattle, Washington.
The meeting was addressed by Mr. Walter A. Kleist on the
subject of "Picture Transmission as Employed by The Bell
System." The paper was illustrated by lantern slides and
was discussed by various members present including Mr.
Libby, Roy Batch and C. E. Williams. Twenty-five members
attended the meeting.

A meeting of the Section was held on December 4th at
which Mr. Albert Kalin gave a talk on the subject of
"Transformer Leakage."

ROCHESTER SECTION

The Rochester Section held a meeting on the evening of
November 19th. A paper was presented by Mr. H. A. Whee-
ler, of John Hopkins University on the subject "Applica-
tions of Thermionic Amplifiers". Fifty members were in
attendance.

The Section held a meeting on the evening of November
30th at which Mr. W. A. McDonald, of the Hazeltine Cor-
poration read a paper on the subject "Importance of Lab-
oratory Measurements in Design of Radio Receivers."

LOS ANGELES SECTION

The Los Angeles Section held a meeting in the auditor-
ium of the Y. M. C. A. of Los Angeles on the evening of
September 20th. Mr. H. Pratt gave an interesting talk on
the subject "The Problems of The Radio Engineer." Thirty-
five members attended the meeting.

A meeting of the Section was held in the Commercial
Club Rooms on the evening of November 22nd. A paper was
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presented by J. J. Jakosky on the subject "Phonographs
Adapted to Radio Amplifiers" and a paper by H. M. Tremain
on the subject "The New Electric Phonograph."

The meeting was preceded by a dinner. Thirty-five were
in attendance.

PHILADELPHIA SECTION

The Philadelphia Section held a 'meeting on the evening
of November 19th at which a paper was presented by Dr.
D. Galen McCaa on the subject "Development of an Anti -
Static Device". Thirty-five members attended the meeting.
The next meeting of the Section will be held in the latter
part of January, 1927.

CANADIAN SECTION

The Canadian Section held a meeting on the evening of
November 24th in the Electrical Building of the University
of Toronto. Professor A. M. Patience presented the paper
"Output Characteristics of Amplifier Tubes" by Warner
and Loughren. Twenty-one members attended the meet-
ing.

The Section held a meeting on the evening of December
8th, at which Professor E. F. Burton of the University of
Toronto presented a paper on the subject of "Physical Char-
acteristics of the Human Voice."

WASHINGTON SECTION

The Washington Section held a meeting on the evening
of November 10th in the Conference Room, Department of
Commerce. A talk was given by Dr. A. H. Taylor on the
subject "Recent High Frequency Progress". There were
seventy-five members in attendance.

A meeting was held on the evening of December 8th in
the rooms of Harvey's Restaurant of Washington. A paper
was prepared by Dr. J. H. Dellinger on the subject "Effect
of Fading on Broadcasting" was delivered by Dr. C. B.
Jolliffe. There were forty members in attendance. The
technical meetings of the Section are preceded by dinner at
Harvey's Restaurant.
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CONNECTICUT VALLEY SECTION

The Connecticut Valley Section held a meeting on the
evening of December 3rd in the auditorium of the Hartford
Electric Light Company. A paper was presented by Mr.
Allen D. Cardwell on the subject of "The Engineering De-
sign of High Voltage Variable Condensers." In addition
there were motion picture exhibitions of interest to com-
munication engineers.

ERRATA
The following corrections should be noted in the paper

by Levin and Young in the Proceedings for October, 1926.
Page 681, 10th line from top, i should be I.
Page 683, equation 17, X should be y : 13th line from

top, a-,-Bz should be a-=-137 : 7th line from bottom, trans-
mission should be transformation ; 6th line from bottom(a-1) should be (Z-1).

Page 686 top line i should be 1: 2nd line, -4i
2i

41 2 2
2/ : 3rd line from bottom, 7 should be

9-

Page 688, last term of first equation should read

'
27re- CV

A

should be



PIEZO-ELECTRIC CRYSTAL -CONTROLLED
TRANSMITTERS*

BY
A. CROSSLEY

(Naval Research Laboratory)

INTRODUCTION

The importance of producing vacuum tube transmitters
which generate a constant frequency has never been ser-
iously considered until recently, when the advent of broad-
casting stations and the increasing number of ship and
shore radio stations has demanded that such transmitters be
made available.

The Naval Radio Service has been faced with this prob-
lem for a number of years particularly in the operation of
the United States Fleet. Such a fleet generally consists
of a group of vessels, numbering from 150 to 200 ships,
which move as one unit and, for the greater part, their
movements are controlled by radio. These vessels have one
or more transmitters on board and are required to be in
constant touch with each other and also with a group of
shore stations. When we consider such a large number of
stations, as represented by this Naval force it is very easy
to imagine the confusion that will result if no means are
employed to maintain a constant frequency for each station's
transmitter.

Various means have been employed to hold constant the
frequency of transmitters, but no absolutely satisfactory
means has been devised which will maintain a constant fre-
quency in vacuum tube transmitters which employ self oscil-
lating circuits. This statement has special reference to
transmitters which are required to operate over a band of
frequencies and are dependent for plate and supply filament
power on the usual ship's dynamo or shore stations power
sources.
Received by the Editor December 10. 1926.



10 Crossley: Piezo-Electric Crystal -Controlled Transmitters

When we consider that the beat note of a continuous
wave transmitter has to remain within a certain tolerance,
say 350 cycles, it can be realized that the constant frequency
condition becomes harder to meet as the frequency of the
transmitter is increased. This can be readily seen when we
consider that the frequency of a 4000-kc. transmitter can-
not be changed more than 1/100 of one per cent before it
has exceeded the specified frequency tolerance.

Realizing, after years of experimentation, that we could
not meet the demands made on us by the Fleet with vacuum
tube circuits employing the self -oscillating principle it was
necessary to turn to some other means for meeting this
demand. One means which has proved successful is the
piezo-electric crystal -controlled transmitter. Such a trans-
mitter has been found to meet all our requirements if suit-
able means are provided to keep the temperature of the
crystal constant.

In order to cover development work undertaken at the
Naval Research Laboratory the following paper is pre-
sented together with a resume of the art as observed.

THE PIEZO-ELECTRICAL CRYSTAL

There are a number of crystalline substances such as
quartz, tourmaline and Rochelle salts which have excellent
piezo-electric and pyro-electric properties. All these are
from an optical standpoint doubly refracting and possess
asymmetric atomic structure. Bragg and Gibbs' show that
alpha quartz which is piezo-electrically active has an unsy-
metrical hexagonal atomic structure, while beta quartz
which has no piezo-electric properties is of a regular hex-
agonal atomic structure.

It is only natural to assume that any crystalline body
which has double refracting properties and whose atomic
structure is unsymetrical should be piezo-electrically active.
F. Pockels' states that 20 out of 32 crystalline substances
show some piezo-electric properties.

Considering the three commonly known piezo-electric
crystals, i. e., quartz, tourmaline and Rochelle salts, we find
that quartz is to be preferred. Rochelle salts although it
has ten times the piezo-electric properties of quartz is not
reliable. It is fragile, extremely hard to manufacture and
'Bragg & Gibbs-Proc. Royal Society, Vol. 109-1926.
BWinkelmanns Handbuch der Physik No. 2.
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its physical dimensions can be easily changed by handling,
especially when subjected to contact with water. It also will
not stand any electrical load; for instance, if used as a
resonator in connection with the output of an oscillator of
a few watts capacity it will break down. This breakdown
will either be in the form of a series of mosaic cracks
throughout the crystal or it will consist of a melting process
wherein the crystal suddenly flattens out and assumes an
isotropic state. If the power is increased the salts will re-
turn to a liquid state.

Repeated attempts have been made to make Rochelle
salt crystals function as well as quartz, for controlling the
frequency of a vacuum tube transmitter, but no success has
been obtained in this endeavor. The Rochelle salt crystal is
not mechanically strong enough to withstand the vigorous
vibration which is met with in the quartz crystal when
controlling the frequency of a vacuum tube transmitter. It
is also possible that the hysteresis losses in the Rochelle salt
crystal are such that they tend to damp out any properties
of the crystal for generating a return piezo-electric voltage
required for maintaining a vacuum tube circuit in an oscil-
lating condition.

There is no literature available which shows the appli-
cation of Rochelle salt crystals as a means for controlling the
frequency of a vacuum tube circuit.

Tourmaline is too expensive to be considered as a com-
mercial product and therefore resort has to be made to the
use of quartz.

Quartz can be obtained in reasonable quantities in
Brazil, Madagascar, Japan and the United States. Any
quartz which has no flaws, intergrowths or optical twinning
can be so manufactured that it has excellent piezo-electrical
oscillating properties. By this we mean that such a crystal
can be used to control the output of a vacuum tube oscillat-
ing circuit at one definite frequency and with maximum
output.

Quartz will retain its physical dimensions if kept at a
definite temperature. It will also stand considerable abuse,
which accompanies its use in oscillation test circuits, where
the crystal is heated momentarily to temperatures in excess
of 45 deg. cent. and is subjected to frequent washing. Ex-
perience has demonstrated that crystals will hold the orig-
inal oscillation frequency for periods in excess of ten
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months, when operated continuously in a high -frequency
transmitter system. Other exacting tests have proved that
quartz is the only material known which is satisfactory for
use in crystal -controlled vacuum tube circuits.

The quartz crystal is hexagonal in shape and when in
its true form has an apex at each end. The methods of
mining and also the process of growing are such that the
two apexes are rarely found on crystals which are purchas-
ed from the importers. In the majority of cases it is rare
to obtain crystals having sides and one apex which are not
chipped or cracked due to rough handling or poor mining
methods.

Figure 1

The usual crystal when received is similar in shape to
that shown in Fig. 1. In this crystal the optical axis is
parallel to an imaginary line Z which is drawn between
two apexes. The electrical axes are of two types, one which
is parallel to a line X drawn between the corners of the
hexagonal sides and the other which is parallel to the line
Y which is drawn between the opposite flat faces of the
hexagonal sides. From this we note that there are three X
electrical axes and three Y electrical axes and one optical
axis. The optical axis is always at right angles or perpen-
dicular to any of the electrical axes.



Crossley: Piezo-Electric Crystal -Controlled Transmitters 13

Now cut a slab of quartz from the crystal as shown in
Fig. 2 making this cut at right angles to the optical axis Z.
Then in order to obtain a workable crystal we cut a slice
from this slab as shown in Fig. 3. This slice is so cut from

z
Figure 2

the slab that the slicing produces a crystal which sides are
parallel to one of the Y electrical axes and at right angles
to one of the X electrical axes. We now have a crystal whose
thickness represents an X axis, whose length a Y axis and
the depth a u or optical axis.

Methods of manufacturing the crystal from this point on
to the perfect oscillating condition is being made the subject
of another paper.

Having completed the cutting of the crystal which we
will term the "Currie 3" or "zero angle cut" we find that
there are three frequencies to which the crystal will reson-
ate. One frequency corresponds to the X dimension, one to
the Y dimension and the other to a frequency which is be-
tween X and Y axis frequency and is termed the coupling
frequency. This coupling frequency depends on the dimen-
sions of the X and Y axes. In round crystals as shown by
Hund ' the X dimension will produce 104.6 meters per mm.,
'A. Hund. Proc. I. R. E. August 1926.
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the Y dimension 110.5 meters per mm. and the coupling
frequency is equal to 0.71 of the Y dimension wave length.
In rectangular crystals the meters per mm. for the X dimen-
sion varies from 103.5 to 105.0 while for the Y dimension
it varies from 110 to 117 meters per mm. The meters per
mm. obtained for the coupling frequency cannot be stated
because it depends on the dimensions of the rectangular
form which may be square or any shape which the require-
ments demand. These figures are based on the true Curie
cut and on crystals whose Y dimension is between 20 and
28 mm. If any cut is made which is at an angle from the
Curie cut the meters per mm. will be greater, especially for
the X dimension oscillation.

Rectangular crystals are to be preferred to round crystals,
first because they are cheaper to make and second because
they will control a greater radio frequency output without
cracking or chipping. The latter condition is probably ex-
plained by the uneven stress conditions present in round
crystals when they are oscillating under influence of radio
frequency currents.

HISTORY

P. and J. Curie' first investigated quantitatively the
piezo-electric properties of quartz and derived equations
showing the relation between the applied pressure and the
piezo-electric charge on the faces of the crystal. They also
showed the converse effect where an electric charge on the
crystal would produce a change in crystal dimensions.

Since this disclosure, various uses have been made of
piezo-electric crystals, namely, as pressure gauges, loud
speakers' and sound transmitters for underwater signalling'.

Cady' first discovered that quartz could be employed as
resonators and as such to be used as standards for precision
frequency determinations. Cady later discovered that crys-
tals could be used to hold the frequency of self -oscillating
circuits constant and also that crystals could be made to
control the frequency of a vacuum tube circuit. It is this
feature of crystal control that we are most interested in
and in order to present this subject we will consider each
step made by various investigators in producing vacuum

& J. Curie, Journal Physique. 2 series. Vol. 8. 1889-p. 149.
'A. Mc.L. Nicholson patent U. S. 1,495,429-May 1924.
'Paul Langevin British patent 145,691-July, 1921.
',Cady patent U. S. 1,450,246 Apr. 1923.
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tube circuits which would be capable of obtaining maximum
radio frequency output from a quartz crystal.

Cady's work may be summarized by reference to Figs. 4,
5, and 6. The circuit shown in Fig. 4 is essentially a self
oscillating vacuum tube circuit with a crystal placed across

Figure 4

the grid tuning condenser. When the circuit is adjusted to
the resonant frequency of the crystal there is a tendency
in the crystal to keep the frequency of the circuit equal to
that of the crystal. If the plate voltage, filament voltage
and load remain the same, the crystal will hold constant
the frequency of the circuit, but if one or more of the above
conditions are changed the circuit will oscillate at any fre-
quency which the circuit conditions permit.

Figure 5

Fig. 5 is an elaboration of Fig. 4 and is employed to
obtain a greater piezo-electric voltage for controlling the
frequency of the circuit. The greater piezo-electric voltage
is obtained by the use of the plate feed back principle repre-
sented by the extra set of plates on the crystal. The opera-
tion of this circuit is limited by the same conditions which
are cited for the circuit shown in Fig. 4.

It has been our experience that any method which de-
pends on any self -oscillating conditions in a vacuum tube
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circuit in addition to piezo-electric control is dangerous for
two reasons : i. e., first, because of the danger of frequency
shifting and second it is very easy to crack or chip crystals
in such circuits. This latter case is exaggerated when we
tie in the crystal oscillating circuit with an unbalanced am-
plifying system where the radio frequency current feed-
back from the amplifying circuit is sufficient to supply
enough additional current through the crystal to cause it
to heat up and crack.

--111111

Figure 6

Fig. 6 is the first circuit known to the art wherein the
crystal with the associated amplifying circuits comprise a
system in which the crystal is the only control for the gen-
erator frequency. In this circuit the initial piezo-electric
charge on the grid is amplified through three stages of
resistance -coupled amplification, and by the means of a
third contact plate on the crystal this amplified charge is
applied to the crystal in the right phase relationship to rein-
force the initial charge and by this process assist the cir-
cuit in generating radio frequency currents.

Pierce° later developed a circuit shown in Fig. 7 which
is capable of generating by the use of crystal control a
'Pierce Journ. AMN. Academy of Arts and Sciences, Oct. 1923.
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source of constant frequency. In this figure the crystal is
placed between grid and plate of a vacuum tube and a re-
sistance load is inserted in the plate circuit. A grid leak is
employed to hold the grid at a certain voltage with respect
to the filament.

Fig. 8 is a modification of Fig. 7, wherein an induc-
tance is substituted for the plate resistance. Both of the

Figure 8

Pierce circuits function in the same manner as the old De
Forest Ultraudion circuit. In the Ultraudion circuit, a tuned
circuit is interposed between grid and plate as shown in
Fig. 9 and a choke coil was employed as a load in the plate

Figure 9

circuit. This choke coil was so constructed that it acted as
a capacitive load for all frequencies to which the tuned cir-
cuit was resonant.

In the Pierce circuits the crystal functions as a tuned
circuit having a preponderance of inductance while the
plate load for the condition of oscillation has to be capaci-
tive. To accomplish this end, Pierce uses a very large in-
ductance coil in the plate circuit. The true inductance and
the distributed capacity of the coil system used in this cir-
cuit has to be such that it will resonate to a lower frequency
than that of the crystal before the circuit will oscillate. In
the case where resistance is used, as in the plate circuit -of
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Fig. 7, it is the distributed capacity of the resistance to-gether with plate -filament capacity that affords the capaci-
tive reactance required for the oscillation condition.

If the proper precautions are observed with the Pierce
circuit with respect to the capacitive plate load condition,
any crystal can be made to trigger off this circuit into the
oscillating condition. In view of the fact that a grid leak is
employed and the plate load is a resistance or a large induc-
tance it is not possible to obtain the rated power output from
a given tube with this circuit. This statement is based on
the fact that the PR losses in the resistance and inductance
are considerable and the grid leak method of biasing is in-
efficient for reasons which will be explained later in this
paper. There is another objection to the Pierce circuit and
that is the broad impedance curve of the plate circuit, which
permits the generation of a number of oscillations at one
time should the crystal be so constructed that there are two
possible oscillations, for the X dimension or the Y dimension
frequency may be very close to the coupling frequency with
the result that both frequencies will be heard.

PIEZO-ELECTRIC CRYSTAL RESEARCH WORK AT THE NAVAL
RESEARCH LABORATORY

Realizing the limitations of piezo-electric crystal cir-
cuits then known to the art, further development work was
carried on at the Naval Research Laboratory to determine
whether piezo-electric crystals could be employed to control
any system which could permit a reasonable radio frequency
output.

J. M. Miller formerly of this Laboratory developed the
circuit shown in Fig. 10. This circuit is similar to Pierce's

Figure 10

circuit with the exception that Miller employed a tuned
plate circuit and a variable tap on the inductance. The tuned
circuit permitted tuning to any desired frequency, thus ex-
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eluding undesired frequency oscillations. The variable plate
tap permitted matching of tube impedance to circuit im-
pedance whereby maximum power transfer was possible.
Low loss inductance and condensers were employed thus
reducing PR losses in the tuned circuit to a minimum

Miller also developed the circuit shown in Fig. 11, which
circuit is the fundamental Navy circuit. In this circuit the
crystal is placed between grid and filament instead of be -

Figure 11

tween grid and plate as in Fig. 10. With this circuit the
load for the plate circuit should be inductive in order that
a condition for oscillation be obtained. The action of this
circuit with reference to the oscillating condition is similar
to the well known Hartley self -oscillating circuit. This may
be better understood by stating that the crystal, being
equivalent to an inductance, is similar to the grid coil of the
Hartley circuit, while the inductive load in the plate circuit
of the crystal oscillator is identical to the plate coil of the
Hartley system.

Miller demonstrated that he could make both circuits
oscillate with crystals of different frequency ratings. Pre-
ference was given to the use of the circuit shown in Fig.
11 because in such a circuit there is no tendency for short-
circuiting the high -voltage plate circuit should the crystal
crack or slide out from between the contact plates thus caus-
ing the plates to come in contact with each other. Experi-
ments with high -frequency crystals show that good output is
obtained with high as well as low -frequency crystals when
employed in the circuit shown in Fig. 11.

The problem of obtaining greater output from the crys-
tal oscillating circuit and the amplification of this output on
low frequencies was assigned to A. Crossley. The Miller
circuit Fig. 11 was used as a foundation and efforts were
made to increase its radio frequency output.
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A study of this circuit showed that the crystal -controll-

ing voltage was reduced materially by the fact that a gridleak was shunted across it. This grid leak provided a shunt
path for the radio frequency piezo-electric control voltage
and at the same time carried the rectified grid current re-
quired for obtaining the negative voltage for biasing the
grid. Miller suggested the use of a choke coil in series with
the grid leak to eliminate that part of the radio frequency
voltage loss that is due to the direct flow of current through
the grid leak resistance. This materially increased the out-
put of the crystal oscillating system.

Crossley eliminated the second load on the crystal by
substituting a battery for the grid leak, connecting the nega-
tive terminal of the battery to the low radio frequency po-
tential side of the choke coil shown in Fig. 12.

Figure 12

The object of the use of the battery was to keep the
swing of the crystal-controlling voltage over on the nega-tive side of the grid voltage -plate current characteristic
curve, thus eliminating the load in the grid -filament path
which is obtained when the grid swings positive past the
zero grid voltage point on this curve. The act of swinging
over the positive side of grid voltage -plate current charac-
teristic curve causes a current flow between grid and fila-
ment which represents an PR loss. Any method for elimin-
ating this grid current flow or rendering it of negligible
value will also permit the crystal controlling voltage to be
kept at a maximum and therefore permit a maximum out-
put to be obtained from the circuit.

In actual practice, there is a small amount of grid cur-
rent flowing, but the grid voltage swing is for the greater
part over on the negative side of the grid voltage plate-
current characteristic curve. This grid current flow is due
principally to the fact that the grid battery employed does
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not block the plate current to zero, because a small amount
of plate current is necessary before the crystal circuit will
start oscillating.

The use of the battery increased the output of the cir-
cuit tremendously. Using a 600-kc. crystal it was possible
to obtain one watt output with the original circuit employing
the grid leak while with the choke and battery an output of
21 watts was obtained. The tube used in this experiment
was the U V 210 type rated at 71/2 watt allowable plate
dissipation. The efficiency of this circuit was 65 per cent
figuring plate input watts against radio frequency output.
The plate voltage for this test was 650 volts, while the grid
battery was 80 volts.

Further experiments with 50 -watt tubes and also special
tubes, have shown that as high as 100 watts output can be
obtained when employing high -frequency crystals in the
3000 to 4000-kc. band. It is not possible to obtain such
outputs when employing higher or lower frequency crystals.
With the lower frequency crystals the feed -back afforded
by the grid -plate capacity is proportional to the frequency,
while the capacity between crystal plates is reduced as the
frequency of the crystal is decreased. In other words the
charge on the crystal is reduced as the frequency of the
crystal is decreased and correspondingly the piezo-electric
controlling voltage from the crystal is likewise reduced. To
make up for the reduced charge on the crystal it is custo-
mary when using lower frequency crystals to increase the
plate and grid battery voltage.

There is, however, as stated before, a certain high fre-
quency where maximum output is obtainable and on either
side of this frequency there is slow decrease in output.
Around 3500 kc. is approximately the peak output frequency
point, while at 12,000 and at 100 kc. are the frequencies
where minimum output is obtained. These output ratings,
are based on safe crystal current -carrying ratings, which
was first shown by A. Hoyt Taylor. Taylor shows that for
the different frequency crystals there is a safe working cur-
rent at which the crystal can be operated and if this point
is exceeded the crystal will heat up and crack.

This condition can also be tied down to a safe wattage
dissipation in the crystal, but not knowing the resistance
of the crystal we can only consider it from a current stand-
point. In the 3000 to 4000 kc. band, electrostatic voltmeter
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and thermal ammeter readings in the crystal circuit show
approximately five watts loss in the crystal. It is only at
this and higher frequencies that an electrostatic voltmeter
can be used to measure the voltage across the crystal, be-
cause the shunting effect of the capacity of the meter at the
lower frequencies is such that it seriously reduces the out-
put. When measurements were made with a 500-kc. crystal,
the placing of an electrostatic voltmeter across the termin-
als of crystal holder was such as to reduce the output to
less than one-half of the original output. This reduction in
crystal piezo-electric controlling voltage is due to the fact
that the plate -grid feed -back voltage is divided between the
two capacities, i. e., the voltmeter capacity and the crystal
capacity, while at the lower frequencies the crystal capacity
is nearly equal to the voltmeter capacity.

This can be shown further by reference to Fig. 13 where
Cr is the capacity equivalent to the crystal, capacity Cv

r -

Cy r

Figure 13

represents the voltmeter capacity of Cf the grid -plate feed-
back capacity.

From the above figure we can note that it is not possible
to obtain true voltmeter readings due to the presence of the
shunt capacity Cv which divides the feed -back charging vol-
tage into two paths, thus robbing the crystal of the maxi-
mum charging voltage from the plate circuit. Although we
have cited the case of the shunt capacity afforded by the
voltmeter, it is also true than any extraneous capacities,
such as long leads from crystal to grid, poor design of crys-
tal holder which permits additional capacity other than that
of the crystal contact plates, and choke coils which have
high distributed capacities, will also produce the same
effect.
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The capacity between contact plates of crystals in the
range between 100 and 12,000 kc. respectively, varies from
12 to 125 micromicrofarads. When we consider the capacity
of the crystal and .the fact that the grid -plate feed -back
capacity is constant, it can be readily seen when using
the same plate voltage, that the charge delivered to the
crystal is reduced with the decrease of frequency. An ex-
ample of this case is cited by comparing charges delivered to
two crystals, i. e., a 500 and a 4000-kc. crystal when em-
ployed in a 71/2 watt U V 210 tube circuit. With the
4000-kc. crystal the charge is 64 times as great as that de-
livered to the 500-kc. crystal. This increased charge on the
crystal with the increase of frequency explains why it is
possible to obtain greater radio frequency output at high
frequencies and why we have to be so particular about low -
frequency crystals and their associated circuits. With the
low -frequency crystals it is imperative that we employ the
right amount of grid biasing voltage for the condition of
maximum output, while with the high -frequency crystals
it is possible to eliminate the biasing voltage and still obtain
good output. It is, of course, understood that the elimination
of the biasing battery means a reduction in the efficiency
of the circuit and sluggish oscillating action of the crys-
tal, especially when we use the crystal as a master
oscillator.

An improvement on the Miller circuit was made by
Crossley and is shown in Fig. 14. This improvement pro -

'pure 14

vides for the isolation of the radio frequency output circuit
from the high -voltage direct -current circuit thus preventing
the operator from accidentally coming in contact with the
high -voltage direct -current supply. The insertion of the
choke coil L and the condenser C in the circuit permits the
segregation of the radio frequency and direct -current cir-
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CURS. It is good practice to make the resonant period of the
plate choke coil L equal to a frequency which is lower than
that of the crystal, thus making the choke coil a capacitive
reactance at the crystal frequency.

CRYSTAL HOLDERS

The subject of crystal holders is very important. Ex-
periments conducted by Crossley, particularly in the low -
frequency range, show that the crystal will become inopera-
tive if any dirt or moisture comes in contact with the crys-
tal. If a crystal is placed in a circuit and started oscillating
and a minute drop of water or oil is placed on the crystal, it
will immediately stop oscillating. The stopping of oscilla-
tions may be explained when we consider that for best
operation the top crystal contact plate is separated by a
minute air cushion from the surface of the crystal when the
crystal is oscillating and the introduction of moisture in
place of the air causes a load to be placed on the crystal.
This latter condition is similar to the use of mercury as a
contact surface for the crystal, which type of contact ad-
heres so closely to the crystal that it damps out any
tion that tries to start up.

From the above facts it is imperative that the crystal
be placed in a hermetically sealed container where no mois-
ture or dirt can come into contact with it.

It is necessary that capacities other than that between
the crystal contact plates be kept as small as possible, thus
eliminating the charging losses occasioned by extraneous
shunt capacities. For reliable operation and maximum out-
put the crystal contact plates should be intimately touch-
ing the surface of the crystal. Lapped surfaces on these
plates are to be preferred, while the weight of the upper
plate should be kept to a minimum. No restriction of up and
down movement of the upper plate should be tolerated.
Light spring pressure can be applied to this plate but for
best results no pressure other than the weight of the plate
is necessary.

Retaining rings of bakelite or other insulating mater-
ial or brass retaining pegs can be employed to hold the crys-

 tal in one fixed position with respect to the sides of the
 container. A holder° having all these features together

'Crossley patent U. S. No. 1,572.773-Feb. 1926.
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with means for restricting the tendency for the crystal to
jump clear of the retaining pegs when being transported
is shown in Fig. 15.

Experience has shown that any air -gap between upper
surface of crystal and the contact plate means a great re-
duction in output and when used in regular power circuit
the air -gap causes brushing between the surface of the

Figure 15

crystal and the plate, which in turn causes the crystal to
heat and crack. Crystals which have been subjected to the
brushing effect show a discoloration on the surface of the
crystal at the place where the brushing occurred.

The frequency of any crystal changes with temperature
and for absolute constancy of frequency it is necessary that
some type of temperature control be applied either directly
or indirectly to the crystal. One method is to place the crys-
tal in a hermetically sealed container and by use of a ther-
mostat and heating unit in this container maintain the crys-
tal at a predetermined temperature. The second method is
to place the crystal in a crystal holder of similar type to
that shown in Fig. 15 and to secure this holder on a metal
plate which can be maintained at a constant temperature.
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The heat from the plate will be conducted through the low-
er crystal contact plate direct to the crystal.

The metal heating plate can be kept at a constant tem-
perature by circulating water through it, or a sub -compart-
ment with suitable heating unit and thermostat can be
attached to this plate. A thermostat can be employed with
the water circulating system to turn on or off the current
in a heating coil which is placed in the water intake line to
the plate. This latter water-cooling method was developed
by Taylor and applied by E. L. White to the high-power
high -frequency transmitters at this Laboratory.

The importance of constant temperature control is
appreciated when operating high -frequency crystals, as a
change of 10 deg. cent. will change the frequency as much
as one kilocycle in the 4000-kc. range. Extreme changes in
temperature met with on board Naval vessels when cruising
can change the crystal frequency as much as three kilocycles,
which charge is very detrimental to perfect communica-
tion conditions. A remedy for this is to provide a thermos-
tatic control which will maintain the crystal temperature
above that which is ever encountered, throughout the
year. This is identical with the practice now in force with
reference to our Navy Standard 25-kc. crystal calibrator,
which is used as a standard of frequency for the Navy.

Recent data on temperature coefficient in quartz crystals
obtained by the Naval Research. Laboratory show for the X
axis there is a frequency change of 25 parts in a million per
degree centigrade while with the Y axis a change of 50 parts
in a million is noted. These data on electrical characteristics
appear to show that the temperature coefficient of the elastic
constant along the Y axis is approximately double that of
the X axis, as we can assume that the frequency change
must tie in with the mechanical change. This statement is
based on our previous experiments on the resonant condi-
tion, in crystals, namely, the relation of meters per milli-
meter for respective electrical axes.

Several types of multiple crystal holders have been de-
veloped. One type employs the holder shown in Fig. 15
which was placed on a circular disk with a knob and pointer
on the front of a panel for rotating the disk. Two contac-
tors are placed behind the panel for making contact with
each crystal holder as it was rotated past the indicated
point.
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CRYSTAL CONTROLLED POWER AMPLIFIERS

Having obtained reliable operating conditions with the
crystal controlled oscillator our next and most important
problem was to amplify this output.

The first attempt to amplify the crystal oscillator output
was made by resort to two stages of amplification. The first
stage consisted of a 71/2 -watt tube while in the second stage
two 50 -watt tubes were employed. Grid leaks were used to
bias the grids of the amplifier tubes. An output of 96 watts
was obtained with this power amplifier at a frequency of
600 kc. Another stage of amplification consisting of three
250 -watt tubes was added to this amplifier and the maxi-
mum output obtained was approximately 700 watts.

About this time Dr. Taylor and L. C. Young demon-
strated that amplification of power from a 3000-kc. crystal
oscillator was possible.

Considerable trouble was experienced from self -oscilla-
tions in the amplifier system. Various methods were em-
ployed to eliminate these undesired frequencies with no
satisfactory result. Crossley discovered that these oscilla-
tions were in general of a high -frequency nature and that
the only method of eliminating them was to place a resis-
tance of a certain value in the plate lead, preferably as
close to the plate as possible. The location of this resistance
in the plate lead placed a load on the high -frequency circuit
and if sufficient resistance was inserted the load would be
too great to permit the grid -plate feed -back to cause a con-
dition of self oscillation. The maximum value of the resis-
tance did not exceed 300 ohms at 300 kc. and can be very
low on sets of very high frequency; that is, small enough
to have a negligible effect on the output of the amplifier
circuit at the amplified frequency. This can be better under-
stood when we consider that the plate circuit impedance at
the desired frequency is at least 5000 ohms at medium fre-
quencies for all types of tubes other than the one -kw. type,
and the additional resistance placed in this circuit for pur-
pose of stopping self oscillations never is greater than 6
per cent of the total circuit impedance. The impedance of
the plate circuit which it is resonant to the self oscillation
frequency is low, and the resistance referred to above is so
located that it is in series with this resonant circuit.

The importance of shielding each stage of amplification
was soon apparent and this was accomplished by providing
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metal containers for each stage. It was noted that there
was sufficient feed -back through the grid plate capacity of
the amplifier tubes to prevent maximum power amplification
per stage. L. A. Gebhard and Miller suggested and demon-
strated the power amplification gain which is possible when
neutralizing the feedback and also applying a high value
of biasing voltage to the grid of the amplifying tubes.

The neutralizing of the feed -back in the amplifier tubes
permitted maximum grid excitation while the use of the
high value of grid biasing voltage reduced grid -filament
circuit losses to a minimum. A power amplification of 80
is obtainable by the method proposed above. A concrete
case of this condition is cited when we amplified the output
of a 71/2 -watt tube circuit by use of a UV 851 one -kw. tube
and obtained 600 watts. From the above it can be noted
that it is possible to reduce the number of stages of ampli-
fication very materially, thus eliminating troubles exper-
ienced with the excessive number of stages which are
required when employing the old method of cascade ampli-
fication.

One more source of trouble was experienced in the de-
velopment of the amplification system, and that was in the
choke coils. It was found during numerous incidences that
the choke coils would burn up, particularly the plate choke
coils. These choke coils were of the single -layer and the
pancake universal -wound type. An investigation of the
reason for this burning effect showed that the burning oc-
curred at frequencies which were close to the second, fourth,
sixth, and other even harmonic frequencies of the funda-
mental of the choke coil. It then became necessary to make
our choke coils such that the danger or burning frequen-
cies would be other than that of the operating frequency of
the transmitter.

If the transmitter is required to cover a broad band of
frequencies a radical change has to be made in the choke
coils. This change consists of using at least three choke coils,
preferably of the universal -wound type, in a series connec-
tion. Each coil should have the same number of turns and
the same shape and arranged on a bakelite or pyrex rod or
form in such a way that the magnetic fields add. This mul-
tiple choke arrangement provides a method of obtaining in
a concentrated form a choke coil which has nearly twice the
inductance and two thirds the distributed canacity of the
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best type single -layer choke coil. It also has, by virtue of
the addition of impedance of the respective coils, a high
value of impedance at the dangerous harmonic frequencies.
This latter characteristic makes this type of choke well
suited for use in transmitters which employ the principle of
frequency doubling or tripling to obtain super high -fre-
quency oscillations. A choke coil similar to the type referred
to above is shown in Fig. 16.

Figure 16

Having solved the major problems involved in the crystal
controlled transmitter with reference to output the next
problem was that of keying the system. Various methods
were tried and abandoned due partly to sluggishness of
action or the fact that too large a load was taken from sup-
ply source which furnishes the necessary negative voltage
for blocking the grid of the control tube. A satisfactory sys-
tem was finally obtained and may be explained by reference
to Fig. 17.

In this figure there is shown one of the stages of am-
plification which it is intended to key. The grid circuit con-
sists of the blocking condenser 1, choke coil 2, relay 4, high
resistance 3 and the battery 5. Associated with the relay 4
is the key 7 and relay battery 8. The plate circuit is of the
conventional type and consists of blocking condenser 9, an-
tenna or dummy circuit 10 with the usual plate choke 11 and
plate potential source 12.

The keying is accomplished by changing the grid biasing
voltage from an operating voltage to a high blocking voltage
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through the agency of the relay 4 and the associated cir-
cuits. With the key 7 closed, current flows through the re-
lay 4 and closes the contacts, thus permitting the grid lead
to be connected to the low -voltage tap on the battery 5.
The high resistance 3 is then placed across the remainder of

Figure 17

the battery and, due to its high value, it takes no apprec-
iable load from the battery 5. When the key is up or in
the open position the contacts on relay 4 spring back and
disconnect the low voltage tap on the battery 5, thus through
the resistance 3 making a path for the high blocking vol-
tage to be impressed on the grid. The fact that there is no
current flow through the grid circuit also indicates that
there is no I R drop over the resistance 3, thus we can, by
means of the relay, change the grid voltage from an optimum
operating value to an absolute blocking value. The use of
the high -resistance also cuts down to a minimum the spark-
ing and sticking of the contacts on the relay. With this
method of keying it is possible to key at speeds in excess
of 100 words per minute.

COMPLETE TRANSMITTER

Further work on this problem of amplification at fre-
quencies from 150 to 600 kc. proved that it was possible to
obtain an output of 13 kw. into a dummy antenna system.
The complete details of the system which is capable of de-
livering this radio frequency power output may be explained
by reference to Fig. 18:
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In this figure three stages of amplification are shown.
The first stage consists of a 50 -watt impedance coupled
amplifier which feeds into a 1 -kw. tuned amplifier stage
and from this stage to a 20 -kw. amplifier circuit.

The crystal controlled oscillator consists of a multiple
crystal holder with the associated grid circuit which com-
prises the grid radio frequency choke and the source of bias-
ing voltage. The plate circuit of this oscillator employs the
parallel feeds through agency of the multiple choke coil, a
source of high direct voltage, a 0.004 radio frequency by-
pass condenser and a resonant circuit consisting of an in-
ductance and two condensers with suitable radio frequency
ammeter. Two condensers, one of which is variable are em-
ployed to permit tuning to resonance with the inductance
over a given range of frequencies.

Voltage required for exciting the grid of the first am-
plifier tube is obtained from a tap on the inductance of the
resonant circuit. Proper biasing voltage for the grid of the
amplifier tube is obtained from a potentiometer and flows
through the inductance of the resonant circuit direct to the
grid. This method of biasing the grid of the amplifier tube
eliminates the usual grid condenser and choke coil system.

The plate circuit of the first amplifier tube comprises a
multiple radio frequency choke coil with the usual high
voltage direct -current source and a resistance load circuit.
The radio frequency output of the choke coil is delivered to
the resistance load through the two by-pass condensers
shown in the diagram.

The choke coil system is so constructed that it is reso-
nant to a lower frequency than that of the range of the
transmitter and therefore provides a capacitive load. This
capacitive load prevents any tendency for feedback in the
amplifier, thus saving the crystal circuit from any surge
effects which tend to overload and break the crystal.

A variable contactor is used on the load resistance for
obtaining optimum controlling voltage for the grid of the
second amplifier tube. A 0.004-4. by-pass condenser
segregated the radio frequency resistance bad circuit from
the grid biasing system. It will be noted that the grid
biasing system of this tube includes the keying system re-
ferred to previously in this paper.

The plate circuit of the second amplifier has the usual
parallel radio frequency feed circuit and in addition there
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is the balance or neutralizing circuit which comprises the
counter -inductance and a 0.0002-4. variable air conden-
ser. This balance or neutralizing system is found to be very
reliable and easy to adjust.

The third amplifier stage is identical to the second stage
with the exception of the addition of the antenna load sys-
tem. As will be noticed, the voltage for feeding the antenna
is obtained from the drop across a condenser which is placed
in series with the plate resonant circuit. This condenser
was a 0.25-4 mica condenser with five taps of 0.054 each.
This condenser in addition to supplying required voltage for
the antenna system also functions by virtue of its low impe-
dance in reducing harmonic frequencies to a low value.

PROTECTIVE DEVICES

Various kinds of protective devices were employed in
this transmitter. The first and most important protective
device was tied in with the biasing battery circuit and func-
tioned in opening the filament and 2500 -volt supply when no
current was being supplied from the biasing battery.

The second device consisted of a water -flow protective
relay circuit. When there was no flow of water through
the water-cooled tubes the device opened the filament sup-
ply circuit and also the field of the high -voltage generator.

A circuit breaker was placed in series with the negative
terminal of the high -voltage generator and when an over-
load was placed on the generator it opened the generator
field circuit.

As a safety -first precaution, a condenser and a resistance
was placed across the coil of the circuit breaker. These units
maintained the negative side of the generator at ground po-
tential should the breaker coil accidentally open. They also
had a tendency to reduce line surges to a great extent by
acting as a damping means.

MISCELLANEOUS

Very small output is obtainable from a crystal on the
lower frequencies required of the transmitter and for this
reason a small amount of regeneration was employed in the
crystal circuit. The regenerative feature is shown in Fig.
18, by the grid feed -back coil in the crystal oscillator circuit.
On the higher frequencies this coil was short-circuited, for
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as previously stated in the paper, regeneration, especially
at higher frequencies than 400 kc. is liable to crack the
crystal.

The 50 -watt stage of amplification was required for
the low -frequency amplification, but can be dispensed with

IJ

Figure is

at the high frequencies. With well made crystals and proper
circuits it is possible to use only two stages of amplification
and obtain outputs in excess of 10 kw. when operating the
transmitter over the range from 400 to 600 kc.

There was no need for frequency doubling in this trans-
mitter and consequently no mention was made of it. Fre-
quency doubling and tripling circuits were developed by
Taylor and have been used very extensively in our numerous
high -frequency transmitters which are in operation at N.
K. F. This principle is also used in transmitters furnished
by the Naval Research Laboratory to the Coast Guard,
Army, Naval ships and stations.

The work covered in the construction of the low -fre-
quency transmitter was undertaken by A. Crossley with the
assistance of W. F. McBride. Messrs. Gebhard, Young,
White and Taylor were responsible for the development of
the high -power high frequency transmitters.

The development of the low power high frequency
transmitter which derives its source of plate potential from
alternating -current circuits was undertaken by R. B. Meyer.
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Meyer developed the crystal oscillator circuit which employs
one crystal and two tubes with the split transformer plate
supply circuit. Best results are obtained with such a cir-
cuit when the frequency of the supply source is 500 or more

300 0.0
5U PLY

Figure 19

cycles. The Meyer circuit is shown in Fig. 19. This circuit
is used in transmitters designed and built for the Army and
the Marine Corps. A schematic wiring diagram of this
transmitter is shown in Fig. 20. An inspection of this
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diagram will show the automatic balance which is obtain-
able in the amplifier circuits when resort is made to the
use of an alternating plate current supply. This balance is
obtained by using approximately the same number of plate
turns in each amplifier tube curcuit.

This transmitter is designed for frequency doubling and
is capable of covering a frequency range from 3500 to 9000
kc. The rated output of the transmitter is 500 watts.

Figs. 21 and 22 are photographs of this transmitter
showing front and side views.

Figure 21 Figure 22

A method for obtaining more piezo electric controlling
voltage was developed by Taylor'°. This is accomplished by
employing two crystals which have identical frequency char-
acteristics and connecting these crystals in parallel with
each other in the conventional circuit. Series stabilizing
choke coils are placed in each crystal circuit for the purpose
of holding both crystals in synchronism should temperature
effects tend to change the natural frequency of the respec-
tive crystals.
'°Taylor U. S. Patent No. 1,581,701-April, 1926.



36 Crossley: Piezo-Electric Crystal -Controlled Transmitters

Taylor also developed a method" for obtaining three-
phase source of radio frequency by employing three syn-
chronized crystal circuits which feed into a Y -connected
output circuit.

Among other developments of the Naval Research Lab-
oratory is a means" for obtaining a crystal -controlled oscil-
lating circuit which by use of stacked crystals and retun-
ing of plate circuit can be made to generate currents of
a frequency which corresponds to that of any crystal em-
ployed in the stack.

SUMMARY-A discussion of piezo-electric crystals and the early
history of the development of the art has been given.

The development of crystal -controlled vacuum tube oscillators by
the Naval Research Laboratory has been outlined and various means ofamplifying the output of a crystal -controlled oscillator are cited andthe best method is described. This method consists of balancing or
neutralizing the various stages of amplification and also observing
proper precautions for reducing grid circuit losses by using high valuesof biasing voltage.

A complete high -power low -frequency crystal controlled transmit-ter is described and a schematic wiring diagram of circuits employingin this transmitter is shown. Schematic wiring diagram and illustra-tions of one type of low -power high -frequency transmitter completethe subject matter covered in this paper.

"Taylor U. S. Patent No. 1,584,490-May, 1926.
"Taylor U. S. Patent No. 1,578,296-March, 1926.



SIMULTANEOUS PRODUCTION OF A FUNDAMEN-
TAL AND A HARMONIC IN A

TUBE GENERATOR*

BY

HOY J. WALLS

Assistant Electrical Engineer Bureau of Standards

Methods are available for the transmission and reception
of two or more frequencies from a single antenna. ' The
published methods, however, contemplate independent
modulation of the several frequencies and require a separ-
ate generating tube for each frequency. The method here
described involves only a single tube. The application imme-
diately in view was the simultaneous transmission of several
standard frequencies ; other applications are pointed out
below. The work, which was done under the direction of Dr.
J. H. Dellinger, was part of the standard frequency trans-
mission program of the Bureau of Standards. The reader
should understand clearly that the method is one of multi-
plex frequency transmission but not of multiplex signal
transmission, since there is only a single modulation.

The experiments were made in June, 1924, to determine
if it were practicable to operate a radio transmitting set
on two or more arbitrarily chosen frequencies simultaneous-
ly.' The results obtained when operating on two entirely in-
dependent frequencies were not as satisfactory as desired,
but very good results were obtained when operating on two
frequencies, one of which was a harmonic of the other.

The circuit arrangement used is given in Fig. 1. It is
similar to the usual "Hartley" circuit but has an additional
tuned circuit (L2C2) in series with the main tuned circuit
(L1C1) . The antenna circuit is similarly arranged (LA).
It was found that, when the tube was generating a fre-

 Published by permission of Director, Bureau of Standards.
See "Multiplex Radio Telegraphy and Telephony," by Ryan, Tolmie,

and Bach. I. R. E., 8, p. 451; 1920.
 Received by the Editor July 19, 1926.
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1
quency approximately f, V LiC, and the circuit L2C2

were tuned to some harmonic of f, that harmonic hf1 would
be materially amplified. The strength of the harmonic
could be readily controlled by varying the coupling between
L1C1 and L2C2, this coupling being the portion of L2 common
to both circuits. If the antenna, whose reactance has been

l000 v toy
Figure 1-Arrangement for Producing Fundamental and One Harmonic.

adjusted so that it is zero for the two frequencies fiand hf1,
is coupled to the inductance L1 both frequencies are radiated.

Such a tube arrangement, operating on a fundamental
frequency of 600 kilocycles with the third harmonic
(1800 kc.) strengthened, was coupled to an antenna tuned
to 600 and 1800 kc. Good transmission of both frequencies
was obtained over short distances. The transmission was
not tried over long distances, since a low power tube was
used while making the experiments.

Harmonics as high as the tenth (500 kc.) were strength-
ened with this arrangement when working with a funda-
mental of 500 kc. Higher harmonics could not be obtained
in this case as the limit of the second oscillatory circuit used

7 See Bureau of Standards Circular No. 74, pp. 41 to 68.
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was slightly over 5000 kc. With a fundamental 2500 kc.,
harmonics as high as the fifth (12,500 kc.) have been am-
plified, which was the highest frequency to which the oscilla-
tory circuit used could be tuned. Higher harmonics could
probably have been obtained if the oscillatory circuit could
have been tuned to higher frequencies. It is to be under-
stood that only one harmonic was amplified at a time. There
was no apparent increase in the strength of the other har-
monics.

It is evident that the operation of this circuit arrange-
ment depends upon the feedback principle. By inserting the
second LC circuit in series with the main tuned circuit and
tuning the second LC circuit to a harinonic, that harmonic
would be strengthened somewhat by virtue of the tuning.
The then slightly increased harmonic voltage is fed back on
the grid of the tube and is amplified, the strength to which
the harmonic is amplified being dependent upon the coupling
between the main circuit and the second LC circuit.

There are several important applications of this circuit
arrangement. In relay broadcasting, the main station trans-
mits the same program on two frequencies by means of two
independent sets. One frequency is the regular operating
frequency in the broadcasting band and the other a much
higher frequency, usually between 2500 and 7500 kilocycles.
With the circuit arrangement described here it would be
quite possible to transmit two frequencies on the same set
with any desired output within the capacity of the set on
either frequency. This would result in considerable reduc-
tion in operating expenses as well as making an additional
transmitting set unnecessary.

In calibrating a wavemeter by the use of generator har-
monics a generating set of this type is useful when the
wavemeter indicator is not sufficiently sensitive to respond
to the weak harmonics of the usual generating set. With a
fundamental frequency within the range of the wavemeter,
any harmonic or higher frequency can be simultaneously
obtained with a strength sufficient to operate the wavemeter
directly. By changing the fundamental frequency somewhat
a new harmonic will be obtained and an indefinite number
of points thus secured. To obtain lower frequencies the gen-
erating set is adjusted so that the harmonic amplified is
within the range of the wavemeter and the fundamental
will give the lower frequency.



DISCUSSION ON
REDUCTION OF INTERFERENCE IN BROADCAST

RECEPTION (GOLDSMITH)

J. C. Van Horn: The curve of percentages of complaints
shown in Figure 10 of the paper under discussion, with its
peaks and valleys, seems to me to correspond to what might
be called the periods of diminished and normal reception
conditions. It is therefore related to the electrical field
strength curves of distant stations such as have been des-
cribed by Dr. Heising in his papers on the measurement
of signal strength. I feel sure that if field strength measure-
ments had been made on a distant station (say 1,000 miles
from WJZ at Bound Brook) it would have been found that
when the field strength was least from distant stations in
territory normally served by WJZ, the percentage of com-
plaints was highest. Conversely, when the field strength of
distant stations was high, few complaints should have been
received.

During the period covered by the actual complaints, the
"radio weather" in the Eastern Pennsylvania territory was,
I am afraid, very poor. The field strengths from distant
stations were so low that radio dealers in the territory in
question were at their wits' ends to keep both new customers
and existing listeners in a contented frame of mind. The
customers complained almost universally that, "the only
station that we can hear is WJZ". However, in reality had
it not been for the existence of WJZ, very few would have
heard any broadcasting at all under such adverse conditions.

Received by the Editor October 25, 1926.



AN AUTOMATIC FADING RECORDER*

BY

THEODORE A. SMITH AND GEORGE RODWIN

(Technical and Test Department, Radio Corporation of America.)

A device for automatically recording signal intensities
is a most useful piece of modern radio laboratory equipment.
The value of this apparatus is at once apparent when long,
continuous records of signal strength are desired for fading
study or for tests of a similar character. It is almost im-
possible for one man to take a manual record for periods
exceeding one hour, when using the ordinary Shaw instru-
ment. Even for shorter intervals the work of keeping a
pointer centered on a meter needle is arduous, imposing
considerable strain upon the operator. An automatic re-
corder may be set and left alone to operate indefinitely.
Automatic records are also in general more reliable than
manual records as the human element is entirely eliminated.

The power required to operate the galvanometer of a
Shaw recorder is 0.45 microwatts. Obviously this limited
power is not sufficient to operate any ordinary type of gra-
phic galvanometer except one in which the recording is
made by a photographic process. Such an instrument is
advantageous in that it may be made to follow very rapid
fading, but it is inconvenient to use because the fading
cannot be observed visually, as well as expensive to con-
struct and operate.

Some means was therefore sought to increase the power
available from an ordinary receiver sufficiently to operate a
recording meter with a reasonably wide scale, so that fading
variations would be well spread out. The use of a radio
frequency amplifier of several stages was considered, but
was not attempted because of the difficulties in getting the
number of stages necessary, to operate stably.

It was desirable that the fading curves be proportional
to the carrier field intensity. /f a constant note modula-
----oRe,,eived by the Editor, July 30. 1926.
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tion could be provided at the transmitter, the resulting
audio frequency output of a receiver could be amplified
sufficiently to operate a recording milliammeter. However,
when fading records are desired, of radio broadcasting
stations, constant tone modulation is seldom available, and
even if such was the case, the resulting curves would show
fading of both carrier and sidebands together. An alter-
native is to supply the constant note modulation at the re-
ceiver and to filter out any other modulation which may
have been impressed on the carrier at the transmitting
station. An audio frequency power amplifier could then
furnish enough energy to operate a relatively insensitive
graphic meter.

Such an arrangement was suggested by Mr. Julius Wein-
berger of this Department, and it has been employed with
entirely successful results. Two sets were constructed, one
for use on broadcasting frequencies only, the other for
covering from 16.6 megacycles to 2 megacycles (18-150
meters) by the use of plug-in coils. With an external oscil-
lator tube, the range of the latter was extended to the band
from 300 to 100 kilocycles (1000-3000 meters) .

The two sets are similar electrically, each consisting of-
a superheterodyne receiver, a 1000 -cycle modulator, an
audio frequency power amplifier, a 1000 -cycle pass filter, a
rectifier, and a recording milliammeter. The broadcast re-
ceiver is a standard Radiola 28, eight -tube set. The short
 wave outfit consisting of a Standard six -tube "catacomb"
such as is found in the Radiola 25, but with the high -fre-
quency amplifier and oscillator external. A General Radio
1000 -cycle hummer furnishes the modulation which is intro-
duced into the grid circuit of the radio frequency tube, as
shown in Figure 1. The intermediate frequency amplifier,
second detector and two stages of audio frequency amplifica-
tion are contained in the "catacombs" of the receivers. A
parallel circuit tuned to 1000 cycles is placed between the
second detector and the first audio amplifier. This has been
found quite satisfactory in removing the broadcast modu-
lation to a degree insufficient to operate the recorder. A
power stage of audio amplification feeds into a rectifier to
which the meter is connected.

The recording milliammeter was furnished by the Ester -
line -Angus Company and is of the electrodynamometer type.
The power required to operate it at full scale with all coils
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44 Smith and Rodwin: An Automatic Fading Recorder

in series is about three watts. Its resistance under the
same conditions is 32, 940 ohms. Full scale current is 10
milliamperes. The meter can be used at record speeds vary-
ing from 60 feet (18.3 meters) per hour to 3/4 inch (1.9 cen-
timeters) per hour, and thus either short or long -period fad-
ing records can be obtained. A second pen marks along the
margin of the record and by closing a local circuit, indenta-
tion may be made on this trace for the purpose of noting
time or disturbances on the record.

With all coils in series, the fading record ordinates were
roughly proportional to the fourth power of the field
strength owing to the square law action of the detector and

Figure 2-Two Automatic Fading Recorder Sets

the use of a dynamometer type meter. However, as now
used, the meter field current is supplied from a local battery
and thus the ordinates are proportional to the square of the
field strength except at the extreme lower end of the scale.
As the record paper is printed with a squared scale, the
printed ordinates are proportional to the field strength.
This is a convenient arrangement, as the deflections are
roughly proportional to the audio output of a receiver.

The use of direct current in the meter field coils has
proved advantageous for changing scales, as by reducing the
field current by a known per cent, the deflection of the meter
can be reduced in the same ratio. This is a distinct advan-
tage where signals are to be compared or when the signal
is fading considerably and it would be difficult to change
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Smith and Rodwin: An Automatic Fading Recorder 45

scale in a known proportion by any other means. With one
set of coils supplied from a direct -current source, the power
required to produce full scale deflection on the meter is re-
duced to one-half, or about 1.5 watts, which may readily be
obtained from a UX210 power tube operated properly.

A six -volt storage battery furnishes the filament supply
for all tubes except the power amplifier which is run from
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Figure 3a
6 A

alternating current. The B battery current is supplied by
the power amplifier unit, shown under
Figure 2.

Provision is made for using a manual recorder in the
sets constructed. For measuring field intensities, known

Figure 3b

radio frequency voltages may be introduced into the input
circuit.

Sample records taken at various times are shown in
Figures 3 and 4. All reception was at the Radio Corpora-
tion Technical Building at Van Cortlandt Park, New York
City. Figure 3a is a portion of a continuous record taken
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in the evening of February 19, 1926 of station 1XAO located
at Belfast Maine, transmitting on 70 meters. (Belfast is
located 350 miles or 560 kilometers from New York City) .

This record shows the sudden change in period fading some -

Figure 4a

times encountered on short waves. Figure 3b is a daylight
record of WJZ at Bound Brook, New Jersey, transmitting
on 454.3 meters (660 kilocycles) .

Figure 4a is a record of static on a wavelength of 400
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meters (750 kilocycles) during a snow storm on February
10, 1926 at 10 A. M. Figure 4b shows fading encountered
in New York City from WGY in Schenectady in daylight

KDAA - ciw; .r.0.22, Nat

le   1./.

Figure 4d

on 380 meters (790 kilocycles) . The record in 4c is of short
wave transmission on 80 meters (3750 kilocycles) from
Schenectady, also in daylight. Figure 4d is transmission
from Pittsburgh on 63 meters (4760 kilocycles) at night.

SUMMARY-A device for automatically recording signal intensities is
described with the method employed to amplify the signal sufficiently to
operate a commercial type of graphic meter. Sample fading record3 of var-
ious transmissions are presented.





BEHAVIOR OF ALKALI VAPOR DETECTOR TUBES*

By
HUGH A. BROWN AND CHAS. T. KNIPP

(University of Illinois)

I-INTRODUCTION

Since the original investigation of certain alkali vapor
tubes used as detectorst was completed, new and more sen-
sitive types of tubes have been developed and put on the
market. Interest has centered around the comparative ef-
ficacy of the later tubes with the supersensitive (potassium
sodium alloy) tubes previously developed. It is the inten-
tion of this paper to point out not only the actual compari-
sons, but also the manner in which the comparative tests
were made. In the past, erroneous interpretation of com-
parative results have often occurred, due to variations in
the manner of conducting tests.

Some very peculiar and interesting features of behavior
of the alkali tubes will also be described and illustrated.
(These unique features will probably be the ultimate basis
for a scientific explanation of the physical phenomena oc-
curring within tubes of this type.) The observations are
confined to tungsten filament tubes into which the molecular
alloy of potassium and sodium has been distilled at a tem-
perature of 250 deg. cent. by the oil bath described in Bulle-
tin 138*. This particular treatment seems to yield finer re-
sults in detection than any other single alkali metal vapor
content. A few observations were also made of the effect
of forcing sodium through the glass walls, this latter treat-
ment yielding no sensitive detection performance whatever.

II-TRANSIENT PLATE CURRENT VARIATIONS

In order to produce a sensitive potassium sodium alloy
content detector it is essential to use a tungsten filament
Received by the Editor September 7. 1926. Presented at the I. R. E. Con-

vention. New York. January 11. 1927, 10:00 A. M. Session.
tSee Bulletin 147, Eng. Exp. tSa., University of Illinois.
See Bulletin No. 138. Univ. of Ill.. Eng. Exp. Sta., also Proc. I. R. E. Vol.

10, No. 6, p. 451.
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Brown and Knipp: Behavior of Alkali Vapor Detector Tubes
carrying 0.7 to 1.0 ampere which will produce sufficient heat
to make the tube walls fairly warm, say 40 deg. cent. on the
outside. The tube is not stable in its action until the tube
envelope gets hot, and this occurs in about one minute after
the filament current is turned on. As soon as the tube be-
gins to, warm up the plate current rises, slowly at first,
increasing its rate of increase as the tube gets warm; then
ceases to rise, and finally decreases to a steady value when
the tube walls have warmed up to the final temperature.
This phenomenon is shown in Fig. 1. The response of the
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tube as a detector is rather peculiar and is also indicated onthe curve sheet. The peculiar results shown in Fig. 1 do
not obtain for any type of high -vacuum tube or gas -content
tube now or formerly in general use. Whether or not the
tube be well or poorly outgassed when the alloy is intro-
duced, the results are the same in a general way. If there
is considerable residual gas the variation is greater as the
tube warms up than when the tube is well outgassed, how-
ever the writers have not been able to produce tubes which
do not show this peculiar quality, and are therefore not able
to say whether or not it is due to the presence of residual
gas. While the plate current is increasing, a hissing sound
occurs in telephone receivers placed in the plate circuit of
the tube, the sound increasing in intensity to a maximum,
then gradually reducing again until it is not heard when

M.
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the. plate current has reached its steady value. The more
"gassy" the tubes the more intense is the hissing sound,

The cause of the variation in plate current detector per-
formance has not been found. It is certain that as these
quantities vary the vapor pressure of the alloy within the
tubes is increasing until the tube walls reach a final tem-
perature. The increasing vapor pressure in some way af-
fects the behavior noted. The exact mechanism of this, is
however not understood at present.

III-PERFORMANCE CHARACTERISTICS

1. Variation of Response with Plate Voltage, and Input
Voltage. When a high vacuum tube is used as a detector
the optimum response will occur at low plate or anode bat-
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tery potential when the input voltage is very small. When
the input voltage is comparatively very large, producing an
optimum response having a directly measured audibility of
about 150 times, this optimum response occurs at the highest
plate voltage that can be provided just below the point
where residual gas atoms become ionized. This is usually
about 80 to 100 volts for the small amplifier tube now in use.
A soft detector tube will not respond at medium plate vol-
tages at all, due to intense ionization. But potassium sodium
alloy tubes respond to strong input or signal voltages with
increasing intensity as the plate voltage is raised as do high
vacuum tubes, even though these tubes contain considerable
"inert" gas, as a result of incomplete evacuation. Their re-
sponse under such conditions is greater than for all other
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commercial tubes tested except for the UX-200-A. This
will be discussed later.

The behavior of a potassium sodium alloy detector under
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conditions of strong and weak signal voltages is shown in
Fig. 2. This property is also possessed by the conventional
high -vacuum detector -amplifier tube. The condition of low
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optimum plate voltage is obtained for a much weaker signal
voltage in the case of a potassium sodium alloy tube than for
the conventional high -vacuum type. This is illustrated in
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Fig. 3. Not only is the potassium sodium alloy tube a more
efficient detector at low plate potentials and low signal volt-
ages, but it is also a more efficient one at high plate poten-
tials (40 to 50 volts) and strong signal voltages. The com-
parison is made using the optimum plate voltages for the
conditions of a strong and weak signal voltages, according
to the curves of Figs. 2 and 3.

2. Comparative Efficiencies. Fig 4. shows the results of
comparative tests on various typical tubes to illustrate the
present comparative efficiency of the potassium sodium
alloy detector. Since making this test the Radiotron UX-
200-A has been put on the market and one typical com-
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parison is added, showing it to be about as efficient as the
potassium sodium type, but requiring optimum plate volt-
ages of 40 to 50 as compared with 10 to 20 volts for the
potassium sodium tubes on weak signal voltages. For
strong signal voltages also higher plate voltages are re-
quired for the same degree of response as the potassium
sodium tubes give.

3. "Hard" and "Soft" Tube Peculiarities. Attention is
again called to the fact that increasing the filament tem-
perature gives the "gassy" potassium sodium alloy tube
characteristics of a high vacuum amplifier (See Bulletin
138 loc. cit.) . This is especially true of the shape of the
characteristic curves of such tubes also illustrated in the
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bulletin referred to. As a matter of interest Fig. 5 is given
showing how a potassium sodium alloy tube behaves during
the change in grid potential indicated by the abscissa of the
curves. - While the data taking operation is proceeding a
hissing sound occurs in phones in the plate circuit, then the
ranges of. Eg indicated, as if ionization were setting in, but
the curves are not "kinky" as those of gas content tubes, and,
for higher values toward (+Eg) the hissing ceases. This
tube,in use gives both the sensitive detector performance on
Wee*" and strong signal voltages, and the efficient amplifica-
tion Tof strong amplifier input voltages. In either service
it is, a considerable improvement over the same tube not

t

a
a

.1

pritnedt with the alloy. The degree of rise and fall of plate
eutrent during the warming up process and the attendant
hissing; noise were decreased by more thoroughly outgass-
ing the electrodes with the aid of a high frequency induc-
tion furnace. However, such tubes were seemingly just as
sensitive as those which were more "gassy." The transient
plate current characteristic shown in Fig. 1 could not be
elig4natpcil, by heat treatment and long continued evacuation,
hience it seems that the transient "warming up" current and
13isping is,riue,to increasing activity of the alloy molecules

the alloy vapor pressure increases. ,
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IV-"SQUARE LAW" VARIATION
It has been generally assumed that thermionic tube de-

tectors obey a "square law" relation, that is, the a -c. com-
ponent of plate current i, is: i,=K (eg)' where eg is the im-
pressed or signal voltage on the grid circuit. In general
ip,--K(e) z and for potassium sodium alloy tubes repeated
variations showed that x is more nearly unity than for
either "soft" or "hard" detectors. This is illustrated in
Fig. 6. This should mean quite an improvement in recep-
tion of radiotelephone currents, as it would give more nearly
the desired condition of the ideal linear rectifier.*

V-CONCLUSION

Further work has shown that alkali vapor detector
tubes, especially those containing the molecular alloy of
potassium and sodium, are ideal tubes for durability, true
tone reproduction and non -critical adjustment of plate and
filament voltages.





DISCUSSION OF
A METHOD FOR MAXIMIZATION IN CIR-

CUIT CALCULATIONS (RoBERTs)

0. 0. Roos: Mr. Roberts' interesting paper illustrates
a well known theorem concerning the "Hodograph" of Sir
Wm. Rowan Hamilton-the discoverer of quarternions.

The Hodograph is simply a polar curve of velocities,
which is capable of being divorced from all "imaginaries"
for the sake of graphical or mechanical analysis, using the
parallelogram of velocities.

"Maximization" of velocities and hence of all other
functions changing with time can by its use, be rendered
perhaps physically clearer than is possible by the use of
imaginaries, as I shall attempt to explain and illustrate
below. But first a word on the Hodograph itself is necessary.

In Fig. la is shown the path of a particle which
from point a to point g along the curve a b c d e f g. Its

3

A
Figure 1

B

velocity at each of these points is given in magnitude and
direction by the arrows a-1, b-2, c-3, d-4, e-5, f-6, g-7..

If we now collect all these arrows as vectors with their
initial points at 0 in Fig. 1B, keeping their directions un-
changed, we have the Hodograph 1-2-3-4-5-6-7, whose sec-
tors 1-2, 2-3, etc. 6-7 are a measure of the change of veloci-
ties of the particle as it passes between the corresponding
points a -b, b -c, etc. f -g, in Fig. la.

57
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In the limit, the Hodograph is a smooth curve and the
velocity at the end of the arrow (vector) from 0 as it passes
from points 1 to 7 is an instantaneous measure of the direc-
tion and magnitude of the velocity change, i. e. the accelera-
tion.

Now the applicability of the Hodograph to Mr. Roberts'
problem has long been known and is analyzed and applied
as follows. The fact is that any monogenic function can be

0
Figure 2-Analysis of Hodograph into Perpendicular

Components.

continuously resolved into two components at right angles
to each other and its growth in time is proportional to
their rate of exchange in time.

If we turn Fig. lb around and redraw it in Fig. 3, as a
polar curve 1-2-3-4-5-6-7, which is z, a function of ox (real)
and oy (imaginary) we may consider both ox and oy as
dependent variables, both being functions of time. Hence
we may consider them as velocities.

Let us postulate that the velocity at 06 is a maximum.
Hence the next elementary change in velocity 6-7 must be
right angles to 0-6 and measures the acceleration of this
maximum velocity. Then in Fig. 3 we decompose the velo-
city 06 into an X -component OX corresponding to energy
cyclically consumed, and into a Y -component OY, corres-
ponding to energy cyclically stored.

We now can lay off a shorter "maximum" velocity OX
along 06, making OX' equal to OX. It is now obvious that
the relative acceleration of OX' is the same as 06, since the
relative accelerations, 6-7 and X'-8' are the same. Hence
the X -component, if it has been changing with time, must
not change toward or away from R, but the acceleratiorp
must be at right angles to OR, from X, i.e. it must eq4,1
X-9 which equals X-8.
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Thus the X component is "stationary" or its rate of
change or acceleration is zero when X is the variable. A
similar argument shows that the Y -component must be
"stationary" when Y is the variable.

Of course the device of considering a physical quantity
like an impedance, as a velocity, has a priori no real justifi-

Ax;s of Energy Stored

A)CiS of Energy
Trans forrn tci

9
Figure 3-Decomposition of Physical Acceleration into

Wattful and Wattless Components.

cation. It is just a convenience. However, we have the
coincidence that impedances in the A. E. M. system are
velocities, an ohm being 10' cm. per sec. whether wattful
or wattless.

For those who are not familiar with vectors the Hodo-
graph is thus an aid to physical visualization of a polar
maximum.



REPORT CONCERNING THE OBSERVATION OF
THE INFLUENCE ON THE PROPAGATION OF

RADIO -WAVES OF THE SUN ECLIPSE OF
THE 14th OF JANUARY 1925 IN THE

DUTCH EAST INDIES

By
E. C. HOLTZAPPEL

In order to observe the influence on the propagation of
radio -waves of the sun eclipse of the 14th of January this
year, which lasted at Weltevreden (Batavia) from 0603
G. M. T. till 0844 G. M. T., the wireless stations at Malabar
(PKX on 15.6 km., ANA on 7.7= km. wave) and Tjililin
(ANF on 30=Meter wave) both near Bandoeng (Java)-
PKX and ANA at about 26 km. south, and ANF at about
18 km. west from Bandoeng-were ordered to transmit
simultaneously on the 13th, 14th and 15th signals on 15.600,
7700 and 30 meters during the period 0300 G. M. T. till
10.00 G. M. T.

The first wave was used by the 2400=kw. Poulscn arc
(PKX), the second by the high frequency alternator of
800=kw. (ANA) and the third by a 5=kw. short-wave
transmitter at Tjililin (ANF).

The foreign stations at Tananarive (Madagascar),
Guam (Pacific), Cavite (Philippines) and Saigon (French
Indo-China) were asked to listen in to those signals and to
report the results and if possible transmit themselves during
the time of the eclipse for observation at Bandoeng.

Further orders were given to listen in to the stations in
these Colonies at Sabang, Padang, Bengkalis, Palembang
and Sitoebondo, whereas our station of Bengkalis was asked
to transmit on her Poulsen arc of 6 kw. on 1650 meter
wave; furthermore the private stations at Tarakan and on
board ships were requested to observe the Bandoeng signals.
Signals of different stations were observed at our receiving
posts at Rantja-ekek and Padalarang, both near Bandoeng
and belonging to the Malabar system.

Cl
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General results of these observations have been negative
as was anticipated, that is, the observed influence of the
eclipse on the propagation of radio signals has been almost
inperceptible or did not exist at all.

For the stations at a great distance from the track of
the eclipse shadow on earth this could be expected, but
even at Palembang and Tarakan, lying directly in this track,
nothing has been observed of any such influence.

The only exceptions were observed at Rantja-ekek with
regard to the signals of Tananarive on 15600 m. and of
Bengkalis on 1650 m. which were actually weaker during
the eclipse.

On the contrary the signals of Saigon at Rantja-ekek,
and the Malabar signals at Sitoebondo during that period
were much stronger than ordinarilly which indicates reflec-
tion from the shadow zone.



!Weill,. mold,: bowing for Ztro Stra4tr unit.
mad, zi,;1 IN. Co.. Niqvark, N. I.

Bakelite housing
improves tonal quality

In the Zeco cone loud speaker Bakelite is used
for the housing primarily because of its high
insulating properties and the accuracy with
which it can be molded.
In addition, it has been found that, by using
Bakelite instead of metal for the housing, dis-
torting vibrations are eliminated and the
tonal quality of the entire speaker is dis-
tinctly enhanced.
Radio manufacturers are constantly discover-
ing new possibilities in Bakelite molded, and
are enlisting the cooperation of our engineers
and research laboratories in adapting the
advantages and economies of Bakelite to
their own particular needs. We welcome in-
quiries.

Write for Booklet ; 3

BAKELITE CORPORATION
217 Park Av... N,NV Y .I'k , talk,: Wit; W. 22nd St.
Bakelite Corp. of Canada, Ltd. 163 Daff,rin St., Toronto, Ont.

...BAKELITE
THE MATERIAL OF W A THOUSAND USES
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RADIO SUPREMACY

This Roister Radio Com-
pass is an investment in
safety of life and property
at sea.

16 Years
of remarkable

radio
developments

Responsible
for

-the development of
the continuous wave arc
converter for use on
shipboard-
-the first successful
commercial point - to -
point radio telegraph
system in the world-
-the Kolster Radio

. Compass, the use of
which permits the safe
navigation of vessels
during foggy or thick
weather.

And most recently ---

KOLSTER RADIO for the Home
Engineers will be interested in the complete bulletins

that are available upon request

FEDERAL TELEGRAPH COMPANY
SAN FRANCISCO

25 BEAVER STREET, NEW YORK CITY
JapanChina Representatives:

Sperry Gyroscope Co., Mitsui Building, Tokio



The Pacent
Superaudiofornser
No. 27

Audio Frequency
Transformers

EXTREMELY successful transformers developed by the
Pacent Engineers, who are primarily specialists in

Audio Frequency parts. Handsomely finished in dull
bronze in two types.
INPUT TYPE No. 27A, Ratio
3 to 1, Primary Inductance 124 OUTPUT TYPE No. 27B, Ratiohenrys, designed for use between 1 to 1, Inductance 7 henrys.any vacuum tubes, and also with
power amplification require- I Shielded $7.50 Unshielded $6.00ments in mind.
Shielded $7.50 Unshielded $6.00

Pacent Audio Choke
A type of Superaudioformer developed for use in filter circuits of
power amplifiers and battery eliminators. Unusually sturdy for
long usage.
CHOKE TYPE No. 29, Inductance 50 henrys (with no superimposed,
D. C.), Inductance 32 henrys (with 60 m. a. superimposed D. C.).
Shielded $6.50. Unshielded $5.00.

Inquire at your dealers or write
us direct for further particulars

PACENT ELECTRIC COMPANY, Inc.
91 SEVENTH AVENUE NEW YORK CITY

Canadian Licensed Manufacturer:
White Radio Limited, Hamilton, Ont.

Manufacturing Licensees for great Britain and Ireland:
Igranic Electric Co., Ltd., London

and Bedford, England
Makers of

Pacent Radio Essentials
AMMIVE/r 11,



Always specify
"ESCO" Maximum miles per watt
Power supplies for transmission.

"ESCO" has developed a line of over 100 standard 2 -bear-
ing Motor -generators for plate or filament. These include
D.C., A.C., single phase and polyphase motors.

"ESCO" two and three unit sets have become the accepted
standards for transmission. The "ESCO" line consists of
over 200 combinations. These are covered by Bulletin 237C.

Our engineers are always willing to cooperate in the de-
velopment of special sets.

"ESCO" is the pioneer in designing, developing and producing Genera-
tors, Motor -Generators, Dynamotors and Rotary Converters for all
Radio Purposes.

110 HOW CAN "ESCO" SERVE YOU?

ELECTRIC SPECIALTY COMPANY
TRADE " ESCO" MARK

300 South Street Stamford, Conn.
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PYREX INSULATORS

triumph at the North Pole

WITHOUT exception on ex-
peditions where life and
death depend on radio com-

munication, Pyrex Insulators have
always been used. Commander Byrd
selected Pyrex Insulators for the
radio equipment on the ship "Chan -
tier" and for the plane which he
flew to the Pole.

The message from the comman-
der from Spitzbergen, announcing
his successful flight, came on equip-
ment which used Pyrex Insulators.

*Pyrex Insulators are always
selected on such expeditions because
of their dependability in conserving
radio energy.

CORNING GLASS WORKS
Industrial and Equipment Division

Corning - New York

*T. M. keg. U. S. Pat. Off.



PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

The J. G. White
Engineering Corporation

Engineers-Constructors
Builders of New York Radio Central

Industrial, Steam Power and
Gas Plants, Steam and Elec-
tric Railroads, Transmission

Systems.
43 Exchange Place New York

Electrical 'resting
Laboratories

Electrical, Photometrical,
Chemical and Mechanical

Laboratories

RADIO DEPARTMENT
80th St., and East End Ave.,

New York, N. Y.

Duskis Sales
Company
Sales Entrepreneurs

Cable Address: RADIOPARTS
326 W. Madison St., Chicago, Ill.

Radio Engineers should consult
us immediately regarding parts
for set manufacturing, for popu-
lar and high-priced radio sets.

One of our factors builds radio
Chassis (wired set minus cab-
inet) to order.

Do you get our bulletins?

WILLIAM W. HARPER
Consulting Engineer

CHICAGO
Research and design problems
relative to improvements and
cost reductions - production
testing systems - develop-
ment special research equip-
ment - radio engineering

service
161 EAST ERIE STREET

Telephone Superior 7614

John Minton I. G. Maloff
JOHN MINTON, Ph. D.

CONSULTING ENGINEER
for

Developing - Designing -
Manufacturing

of
Radio Receivers, Amplifiers,
Transformers, Rectifiers, Sound
Recording and Reproducing ap-
paratus.

Radio and Electro-Acoustical
Laboratory

8 CHURCH ST. WHITE PLAINS. N Y.

Broadcast Motor Generators for Sale
I ('rocker -Wheeler Motor Gen-
erator Outfit. Motor 235 Volts D.
C., 1000 R.P.A1., 5 H. P., Genera-
tor Supplying 1200 Volts D. C..
2.5 Amperes, 1000 R.P.M.,
K. W.
1 Crocker -Wheeler Motor Gen-
erator Outfit, Motor 235 Volts D.
C., 1100 R.P.M., 3 H. P., Gen-
erator Supplying 30 Volts D. C.,
50 Ampers, 1100 R.P.M., 1-1% K.
W.
Addeo's PAUL 3. LARSEN, 70 Vaal
Cortlaodt Park South, New York City

Announcement to Executives and Advertising Managers
'!'he "Proceedings" becomes a monthly publication beginning with

this issue. This means that its value as an advertising medium is
greater than ever before for the advertiser who wishes to maintain
the merits of a dependable product before a distinctive radio
membership.

For further particulars address:
Advertising Manager

THE INSTITUTE OF RADIO ENGINEERS
37 West 39th Street, New York
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Wanted--

Radio Engineers

A large established
concern has open-
ings for radio en-
gineers and labora-
tory men. Write in
detail your age, ed-
ucation, experience
in radio, various
employments and
salary expected.

ADDRESS BOX 450
Care Institute of Radio Engineers
37 West 39th Street
New York City. N. Y.
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PIEZO ELECTRIC
QUARTZ CRYSTALS

We are at your service to grind for you
quartz crystals, ground to a guaranteed
accuracy of BETTER than a tenth of one
per cent of your specified frequency.

Crystals are so ground to produce their
maximum vibrations, thereby making them
suitable for use in power circuits, besides
excellent for frequency standards.

Crystals ground to any frequency between
40 and 10,000 Kilo -cycles. We will be
pleased to quote prices on your require-
ments.

Attention! Owners of

Broadcasting Stations

We will grind for you a crystal, ground
accurate to BETTER than a tenth of one
per cent of your assigned frequency for
$50.00. Why not have the most up-to-date
means of keeping your station on its assign-
ed frequency? Prompt deliveries.

Scientific Radio Service
BOX 86, DEPT. R. MOUNT RAINIER, MARYLAND
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The plant

Universally Specified by Electrical
Enginee:7s Everywhere

Every elec:rical engineer znd manu-
facturer kiows that there is a big
difference in magnet wire Regard-
less of size or type of insulation, the
best is always the cheapest in the
end. No electrical prod=t is any
better than the wire used in its
coils.

All Duclo wire is drawn from the
finest pure copper rod-insulated
with the very best materials-
produced, inspected and tested
by highly -skilled workers result-

ing in a procitxt of un
equalled quality b-om every
standpoint -p1 y sica I,
chemical and electrical.

Dudlo Magnet Wire is
Used by Thousands of

Manifacturers of
Small Motors for every

purpose
Radio, Radio Parts and

Accessories
Automot Ile Starting

Lighting and
Ignition Systems

AJtomobile Horns
Telephones
E ectric Meters
T-ansformers
Etectric Bells
Violet Ray and X -Ray

Apparatus
And may other

Electr cal Products

illustrated above is the largest In the world devoted exclusively to
Magnet Wire and Co'lls

DUDLO MANUFACTURING CORPORATION, Fort Wayne, Indiana
412 Chamber of Commerce Bldg. 160 North La Salle St. 4153 Bingham Ave. 274 Brannan St.

Newark, N. J. Chicago, III. St. Louis,Mo. San Francisco, Calif.

XVII



RADIO PARTS

Wizardry and black art harnessed and put
to work for entertainment in the home.
The Radio. In the expert design and con-
struction of the delicate parts which per-
mit the "talking air" to carry its magic
nightly to millions, Scovill takes first rank.
Here radio manufacturers find a scientific
understanding of their problems and a
large scale production which they can con-
vert into additional dollars of profit.

A SCOVILL PRODLCT
Scovill is the name of a broad si..rvicc to industry. It places acres
of factories, forests of machinery, hosts of skilled workmen,
metallurgists and modern laboratories at the disposal of those who
require parts or finished products of metal. Why not sae howScovill can serve you?

THESE ARE SCOVILL PRODUCTS
Brass Mill Products:
sheet, rod, wire, seamless
tubing. Manufactured
Goods Carried in Stock:
cap and machine screws,
snap fasteners, metal

buttons, butts and hinges.
Manufactured Goods to
Special Order Only: arti-
cles made from brass,
bronze, steel, aluminum,
etc.

SCOVILL MANUFACTURING COMPANY
Waterbury Connecticut

Member. evrer and Enos &march A 00( %WWI
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9BKR at Milwaukee
Show used Eveready
Layerbilt "B" Batteries
ALL who worked 9BKR during the
week of the Milwaukee Radio Show,
September 25th to 29th, know what a
pure DC note that station trans-
mitted. It was heard from New
York City on the east to California
on the west, in practically continuous
operation daily from 2 to 10.30 P. M.,
handling an immense amount of
traffic to all points in the United
States.

The plate supply consisted of a
bank of Eveready Layerbilt "B" Bat-
teries, putting 1000 volts on the plate
of the 50 watter. Plate current, 80
milliamperes, generally considered a
tremendous overload for even the
Layerbilt. Yet at the end of the
show, when Fred Catel, president of
the Milwaukee Radio Amateurs' Club,
and John M. Meyer, 9BKR, dis-
mantled the station to return it to
Mr. Meyer's home, the Layerbilts
each tested a full 45 volts.

"This was our first exneri2;ice ili
testing your batteries out no this kind
of service," says Mr. Catel, "and you
can note that the results were ver.

FIZUD p,,
I(.1,!i

1:1111..

gratifying:- They were not only grati-
fying bct significant. The Eveready
Laverbilt stands up even under con-
ditions that amount to abuse, which
is why transmitting amateurs are not
only recommending it to BCL's but
are using it themselves on low power
transmitters. The Layerbilt s, we
believe, the longest lasting and most
economical of "B" batteries.

Manufa.-tured and guaranteed 5y

NATIONAL. CARBON CO., INC.

New York San Francisco
Canadian ":ational Curium Co., I. miteil

Toronto, littario

Tuesday nigt t Eveready Hour Niuld
1'. 31., Last'sn Standard Time, thrcugh the

E 1, tot

EVEREADY
Radio Batteries

-they last longer



UBILIER condensers are used
in practically every radio in-
stallation of the United States

Army and Navy. They are the conden-
sers that have been tried by time and
found thoroughly dependable.

Dubilier manufactures every type of
condenser from the largest used in su-
perpower transmitting stations to the
smallest used in portable receiving sets.

As new condenser problems arise, the
Dubilier research laboratories will find
new and efficient ways to meet them.

Dubilier
CONDENSER AND RADIO CORPORATION

THE WHITLOCK PRESS. INC.
MIDDLETOWN. N Y.




