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Night fighters came into prominence dur-
ing the blitz against Britain, and were in
effective use throughout the war. Radar ap-
paratus of various types was used for locat-
ing targets and tracking them until they
could be seen and destroyed. For the U. S.
Army Air Forces” P-61, the Black Widow
night fighter, similar radar equipment was
also used, but it was felt that the fighters
would be more effective if the radar equip-
ment could automatically track the target
so as to supply data to a lead computer,
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thus permitting the guns to be aimed and
firing started before the plane was actually
seen. To meet these objectives and to ob-
tain other improvements, the Laboratories
developed the AN/APG-1 radar. With this
equipment, the intercepting plane can au-
tomatically track a target and properly aim
its turret guns so that firing may be begun
as soon as the target has been identified as
a foe, and brought within the desired
range. Accuracy of fire is considerably bet-
ter than that of manually operated turret
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guns. Guided by his radar, the pilot may
also maneuver to bring his fixed guns to
bear on the target.

Two different functions are provided by
the APG-1 equipment: that of searching
the area ahead of the interceptor for tar-
gets, and that of automatically tracking a
specific target both in range and direction.
A cathode-ray scope and a range meter are
mounted at both the radar operator’s and
the pilot’s positions, and at the pilot’s posi-
tion, shown in Figure 1, is also a meter to
indicate the rate at which the target is be-

Fig. 1—At the pilot’s position are three instruments used
with the radar tracking equipment, which are retouched
on the above illustration to make them more conspicu-
ous. These include: the cathode-ray scope at the center,
an overtaking speedometer located at its lower left, and
a range meter at its upper right

ing overtaken. During searching no indica-
tion is given on either of the pilot’s meters,
and on his scope appears only a horizon
display that indicates the position of the
plane relative to the actual horizon. On the
radar operator’s scope, however, appear in-
dications of the range and azimuth of all
targets within range of the instrument.

m

RANGE SCALE SWITCH CN 20,000-YD POSITION

AZIMUTH SCALE — DEGREES

Fig. 2—Appearance of the radar operator’s in-
dicator during automatic search

Under the search condition, the radar op-
erator’s scope gives type B presentation,
range being indicated by distance above
the base-line, and azimuth by distance to
the left or right of the central line marked
zero azimuth. The appearance of the scope
under typical searching conditions is indi-
cated in Figure 2. The direction in azimuth
in which the antenna is pointing at anyv in-
stant is indicated by a faint vertical band,
and targets appear as bright irregular dots
at their proper range and azimuth. The
band moves slowly back and forth across
the face of the scope, and for each transit
requires about four seconds. As the band
moves, the target indications fade slowly,
and have not completely disappeared by
the time the band reaches them on its next
transit. Elevation indication is not provided
on this indicator, but the output of the in-
terceptor’s interrogation equipment may be
displayed on the indicator so that friendly
targets can readily be identified.

When the operator wishes to track a
specific target, he grasps a manual sighting
control, shown at the lower right of Figure
3. This is a movable pistol-like grip con-
nected to vertical and horizontal servo sys-
tems for positioning the antenna. A trigger
in the handle disables the automatic scan-
ning circuit, and allows the antenna to fol-
low the motion of the hand control. The op-
erator moves the control in azimuth to the
position where the target was noted while
searching, and elevates and depresses the
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hand control until the target is seen at
maximum intensity, which indicates that
the antenna is centered on the target in ele-
vation. A movable electronic range marker
is then brought into superposition with the
target indication on the oscilloscope, and
its controlling knob and the manual point-
ing control are released. The system there-
upon automatically tracks the target in
range, azimuth, and elevation.

As soon as the automatic tracking opera-
tion is initiated, circuits are put in opera-
tion that provide the pilot with meter indi-
cations of the range to the target being
tracked and the rate of change in range in
miles per hour. This lets him know how
fast he is overtaking or falling behind the
target, and enables him to approach it at
the optimum tactical rate. An indication of
the target’s position in both azimuth and
altitude relative to the plane’s axis is given
on his scope also, in addition to the horizon
line. The target appears as a short horizon-
tal line with a dot in the middle giving the
appearance of a single-engine airplane. The
length of the wings varies in inverse pro-
portion to the range to the target so that as
the target is approached, the wings grow
wider. A pair of short vertical lines on the
target-elevation axis indicates the optimum
range for the fixed guns. For “tail-on” inter-
ceptions, the pilot maneuvers so as to bring
the winged spot to the cross-hairs, and then
approaches the target until the wings on
the indicator touch the vertical lines. He
may then open fire with his fixed arma-
ment, having pointed his fixed guns at the
target without visual contact. The appear-
ance of the pilot’s scope under these con-
ditions is shown in Figure 5. The slope of
the horizon display shows that the plane is
banking to the left, and the depression of
the horizon display below the horizon-ele-
vation axis at the azimuth axis shows that
the plane is climbing.

After the radar operator has initiated au-
tomatic tracking, he may change his indi-
cator to another type of display wherein a
wandering circle, shown in Figure 4, indi-
cates the azimuth and elevation angles of
the target, which is at the center of the
circle. Azimuth is given to left or right as
before, but vertical distance now indicates
elevation instead of range.

June 1947

The antenna is mounted just inside the
nose of the ship, as shown in Figure 6. A
small dipole is mounted at the focus of a
parabolic reflector, and its currents are
phased in such a way that the axis of the
radiated beam diverges slightly from the
axis of the reflector. This dipole is rotated
by a small motor at 4,000 rpm, and thus the
axis of the radiated beam rotates at high
speed around a narrow cone. Radiation
from the dipole is greatest along the axis
of the radiated lobe. With increasing angle
from the lobe axis, radiation decreases

Fig. 3—Radar operator’s position showing his radar con-
trol unit and oscilloscope near right center with the
manual scanning control beneath it

slowly at first and then cuts down sharply.
As a result, there is only a small circle in
space from which effective echoes can be
received. Since the axis of the beam rotates
around a small cone, however, the total
area scanned by the beam in one rotation
of the dipole is the circle swept out by the
effective area of the lobe as it rotates.

The scanning procedure when the re-
flector is stationary is indicated in Figure 7,
where the central dot represents the axis of
the reflector, the heavy circle represents
the path of the axis of the radiated beam as
the dipole rotates, and the shaded areas—
shown only for four positions of the dipole
—show the effective area covered by the
beam when the dipole is in these four posi-
tions. One complete rotation of the dipole
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ELEVATION SCALE — DEGREES

AZIMUTH SCALE —DEGREES

Fig. 4—The radar operator’s scope employs C
presentation ‘during automatic tracking with a
bright circle surrounding the target’s position

covers the area within the dotted circle.

Under searching conditions, however, the
reflector is moving laterally, back and forth,
and thus the circles of coverage, all shown
within the dotted circle of Figure 7, move
continuously, but relatively slowly, as the
dipole rotates. As each pulse leaves the di-
pole, the electron beam of the oscilloscope,
which is being slowly carried across the
zero range-line of the scope, but in back
and forth oscillations in phase with the
position of the radiated lobe, is deflected
rapidly upward but at very faint intensity.
For each revolution of the dipole, twenty-
four pulses are sent out, and the twenty-
four pulses for the overlapping rotations
thus appear on the scope as a faint vertical
band 15 degrees wide—the width covered
by the dipole in one rotation. When a tar-
get sends back a reflected pulse, the elec-
tron beam is intensified, and thus in its ver-
tical travel will appear bright at a point
corresponding to the range of the target.

After a target has been selected and au-
tomatic searching is stopped, the servos
that control the vertical and horizontal mo-
tion of the reflector for searching are put
under control of the echoes from the target
in such a way as to hold the reflector on
the target at all times. With the reflector
centered on the target, the axis of the
beam, where the radiated power is greatest,
makes a circle around the target as the di-
pole rotates. At all positions of the beam,
therefore, the reflection from the target un-
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der these conditions is always the same,
since it is that corresponding to the inten-
sity of the beam at the same angular dis-
tance from its axis. The rectified pulses are
thus equal amplitude pulses of direct cur-
rent, and under these conditions both the
horizontal and vertical drive motors of the
reflector are held inoperative.

Connected to the motor that rotates the
dipole is a two-phase 66-cycle generator,
and the output of this generator is con-
nected to two phase detectors: one control-
ling the vertical and the other the horizon-
tal drive of the reflector. The envelope of
the rectified echo pulses is also carried to
these two phase detectors. When the reflec-
tor is not exactly centered on the target, the
received echoes will vary in magnitude at
a 66-cycle rate as the dipole rotates, and
thus their envelope will be a 66-cycle sine
wave. The phase detectors controlling the
drive motors compare the phase of this en-
velope with the output of the two-phase
generator connected to the dipole drive,
and are so arranged that when a phase dif-
ference is found, the reflector will be driven
in a direction to center it on the target. By
these means, the reflector is held centered
on the target in spite of all evasion efforts
that may be made by the target.

AZIMUTH AXIS

-

-
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TARGET
DISPLAY

*~ HORIZON
ELEVATION
AXIS

“HORIZON DISPLAY

Fig. 5—Appearance of pilot’s cathode-ray scope dur

ing automatic tracking

-
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In this description of how the antenna is
held pointed at the target during automatic
tracking, it has been tacitly assumed that
echoes from only one target are being re-
ceived. Since the radiation from the rotat-
ing dipole covers an appreciable angle from
the axis of the reflector, however, there may
be other targets within this area that send
back echoes, and thus means must be pro-
vided to insure that the echoes from only
the target selected will guide the position-
ing of the antenna. This is accomplished by
range tracking, which is one of the novel
features of the AN/APG-1.

The rectified echo pulses are passed
through a delay network, tapped at three
points corresponding to delays of 1, 1.25,
and 1.5 microseconds. In Figure 8, the
pulses from these three taps of the delay
circuit are indicated in their relative posi-
tions on a time axis. T, on this time axis
represents the time a pulse leaves the an-
tenna, and T,, which is a variable time after
T,, is the time the echo pulse is received.
Connections from the three taps on the de-
lay network are carried to three gate cir-
cuits which, under control of a range pulse,
will pass echo pulses only for 0.75-micro-
second interval after the range pulse is re-
ceived. This open-gate period is indicated

. 7T=Scanning pattern caused by rotation of dipole
zn the reflector is fixed
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on Figure 8 by the band below the time
axis. If it occurs at the time indicated, the
full pulse from the 1.25-microsecond tap
will be passed by its gate, while the other
two gates will each pass only two-thirds of
their pulses.

At the time automatic tracking is started,
the range pulse is set by the radar operator
so that its mid-position occurs at a time
corresponding to the range of the target

Fig. 86—The radar antenna consisting of a ro-
tating dipole in the center of a parabolic reflec-
tor is mounted in the nose of a ship

selected plus a 1.25-microsecond delay as
indicated in Figure 8. Thereafter, it is
adjusted automatically by the relative
amounts of the echo pulses passed by the
A and B gates. If the range to the target de-
creases, for example, T, on Figure 8, and
thus the three pulses, will shift to the left
relative to the open-gate period. As a re-
sult, more of the B pulses and less of the a
pulses will be passed. These a and B pulses
are compared in a differential integrator
circuit, and their difference shifts the time
of the range pulse so that it will occur
earlier. When the a and B pulses passed are
again brought to an equality by this shift
of the range pulse, correction ceases.
Should the range increase, a correction in
the opposite direction would take place. By
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time of the gate is automatically held to
correspond to the correct range, it is also
PULSES FROM DELAY CIRCUIT used to operate the range meters at the pi-

T N lot’s and radar operator’s positions, and its .
\ differentiated value is used to operate the
/ F | pilot’s overtaking speedometer.
\ The APG-1 radar was given prolonged

nrer TIME IN and exhaustive tests by the Army Air
To Ty 0.5 | 1.0 1.5 2.0 MICROSECONDS

Forces, and its performance was found

' NTERVAL 0F D bighly satisfactory. Arr'angen'lents were be-

ing completed for putting this radar equip-

Fig. 8—Range tracking is secured by variable time gates ment into operation in the Pacific theater
controlling the passage of the pulses when the Japanese war ended.

this means the gates are kept in a time posi-
tion to pass the full pulse from the 1.25-
microsecond tap on the delay circuit, and
this pulse is used to control the directional
scanning as already described.

Echo pulses from targets at all other
ranges are not passed by the gates, and
only the pulse from the selected target can [ Eisaetauss P
operate the directional tracking control. 2. == e e s e
Since the range voltage that controls the Radar operator’s control unit for the AN/APG-1

THE AUTHOR: J. B. Maccio was graduated in
1935 from Cornell University with the degree of
E.E., and received a master’s degree in communi-
cations at Harvard University in 1936. He joined
the Systems Development Department of the
Laboratories that summer, where he was associated
with the development of repeaters for carrier tele-
phone systems until 1940. During the latter part
of 1940 and 1941 he designed receivers for sonar
equipment, but from then until V-] day, he de-
signed airborne radar equipment for fire control
and for blind bombing. At present he is develop-
ing short-haul microwave systems for television.
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G. DEEG, JR.
Chemical
Laboratories

Rapid strides in the development of syn-
thetic resins have produced a great variety
of new plastics. To meet the diversified re-
quirements of the communications field, it
is necessary to evaluate these new products
for intended applications. Among these is
the use of plastics as impregnants, coating
or molding material to protect condensers,
crystals or coil assemblies from the delete-
rious effects of even small amounts of mois-
ture. The relative protection afforded by a
plastic can be predicted by permeability or
diffusion data.

The results of diffusion tests have been
available for a large number of these mate-
rials but they could not be compared on a
common basis because of indeterminate or
unreported variables. Lack of information
concerning the composition of the mate-
rials tested also limited the value of much
of the published data. To supplement these
results and permit a study of some of the
factors that govern permeability in plastics,
further investigations were undertaken by
the Laboratories on a number of materials.

Diffusion constants were obtained by de-
termining the rate at which moisture
passed from water in a shallow dish

through a membrane of the material into
the drier atmosphere of a desiccator in
which the dish was placed. The desiccator
contained phosphorus pentoxide or calcium

chloride to absorb the moisture. The dish
was 2 in. in diameter and % in. deep. It was
filled with water to within one-quarter of
an inch of the under surface of the speci-
men which was clamped air-tight onto the
dish. To prevent leakage, silk gaskets
coated with polyisobutylene were placed
on each side of the specimen and stop-cock
grease was applied to its exposed edge.
Corrosion of the dish, which was made of
aluminum, was prevented by applying sev-
eral coats of an alkyd varnish to it and
baking each coat thoroughly to remove vol-
atile constituents.

From the loss of weight of the cell per
unit time, the diffusion constant b was cal-
culated by Fick’s law p=nx/At(p,—p.),
where N is the grams of water that pene-
trate a cross-sectional area A in square cen-
timeters through a thickness x centimeters
in t hours. The difference in pressure of the
water vapor on the two sides of the plastic
pP: —Pp. was assumed to be 23.75 min. of mer-
cury for phosphorus pentoxide and 23.50
mm. for calcium chloride, at 25 degrees C.,
the temperature at which the tests were
made. The constant o thus shows the num-
ber of grams of water per hour that will
pass through a cube of the plastic, one cm.
on a side when the vapor pressure differ-
ence is one mm. of mercury.

To be certain that the specimen was in
equilibrium with respect to sorption, each
test was continued until a constant value
of p was obtained. This required from three
days to several months, depending on the
thickness, water sorption and permeability
of the specimen. The desiccant had to be re-
newed frequently and the number of alu-
minum dishes per desiccator limited to
avoid transferring excessive amounts of
moisture. None of the materials tested was
totally impermeable to water vapor. The
constant b was found independent of the
thickness of the specimen, which is in
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agreement with Fick’s law. It was also found
that diffusion constants of typical unplasti-
cized plastics varied more than a thousand-
fold. The lowest value, 0.1 x 108, was ob-
tained with phenol formaldehyde resin and
the highest, 114 x 10-%, with unplasticized
cellulose acetate. Values for other fre-
quently used plastics were polyethylene 0.2,
polystyrene 3.5, polyvinyl acetate 30, ethyl
cellulose 77, all multiplied by the factor 10-*.

In compounds made by combining two
polymers, the relative concentration of the
components changed the rate of diffusion.

CELLULOSE

cellulose acetobutyrate to 114 x 109 for
cellulose acetate, Figure 1.

Plasticizers may change the permeability
considerably. Dibutyl phthalate in ethyl
cellulose increased the diffusion constant
from 77 x 10-* without plasticizer to 118 x
10 when it became 45 per cent of| the
compound, Figure 2. A plasticizer may|also
decrease the permeability. This is illus-
trated by adding di-monophenyl phosphate
to ethyl cellulose. Increasing the content of
this plasticizer from 5 to 45 per cent| de-
creased the value of » from 77 to 22 x 10-2.
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Fig. 1-Unplasticized cellulose derivatives are Fig. 2—Plasticizers may increase or decrease the permeability
generally very permeable to moisture of ethyl cellulose to water vapor

The value of b for a compound consisting
of a copolymer of 87 per cent polyvinyl
chloride and 13 per cent polyvinyl acetate
was 1.1 x 10-%. For the chloride alone it was
0.5 and for the acetate it was 29.9 x 105,
Unplasticized cellulose derivatives are
generally very permeable to water vapor,
undoubtedly because of the nunerous un-
esterified hydroxyl groups in the cellulose
structure. The more complete the acetyla-
tion of the cellulose, the less the permea-
bility. Values of p vary from 52 x 10-® for
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In the polyvinyl 95 per cent chloride 5 per
cent acetate series, Figure 3, the diffusion
constants vary considerably for the equiv-
alent amounts of plasticizer as also did
those for the polyvinyl chlorides when
modified by incorporation of different plas-
ticizers. The relative rate at which the plas-
ticizer itself transmits water and its degree
of compatibility with the resin or polymer
probably are important factors.

Adding wax, an incompatible hydr<l-
phobic constituent, to an ethyl cellulose

1
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compound reduces the permeability, but
these systems are not always stable. The
diffusion constant of a composition contain-
ing 22 per cent of wax steadily decreased,
over a period of two months, Figure 4, with
visual evidence that the wax was being
forced to the surface of the specimen to
form a continuous layer.

Fillers also affected the rate of moisture
diffusion through plastics. Ethyl cellulose
compounds that contained 44 per cent
whiting had about two-thirds of the per-
meability of the same compounds without
filler. The plasticizer-resin ratio was con-
stant in the filled and unfilled compounds.
This is a greater reduction than would be
obtained on the assumption that the inert
whiting only displaced the water diffusing
constituents in proportion to.its volume in
the compound. This discrepancy may be
attributed to the blocking action of the
non-permeable filler which effectively in-
creases the diffusion path. On the other
hand, the incorporation of a water sorbing
filler in a resinous composition may pro-
duce the opposite effect. Whereas bakelite
resin alone has a constant of 0.1 x 10-3, the
permeability of a composition that con-
tained 50 per cent wood flour increased
thirtyfold. Whether a particular filler will
increase or decrease the permeability of a
compound to water depends on the mois-
ture sorption and diffusion characteristics
of the filler relative to that of resin.

The method of preparing samples also
may affect the diffusion constant. A cast
film of unplasticized cellulose acetate is
more permeable to water than a molded
one. The permeability also may vary with
the solvent used. When molding a material
like bakelite, which contains a considerable
amount of compressible filler, improper ap-
plication of heat and pressure produces an
internally porous film that will give erro-
neous results. Moreover, brittle materials
such as polystyrene may change during test
by crazing and consequently give an in-
creased rate of diffusion.

The diffusion constant is independent of
the vapor pressure differential according
to Fick’s law. Therefore, the same value
should be obtained whether a sample is
tested with a pressure differential at a low
or high relative humidity, i.e., the humidity

June 1947
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Fig. 3—Some plasticizers change the permeability of
plastics to moisture more than others
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Fig. 4—Adding wax reduces the permeability
cellulose compounds to water vapor
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of ethyl

conditions chosen to obtain p, and p,
should not affect the result. To check this
deduction, tests were made with water or
calcium chloride in the cell, and saturated
salt solutions outside it to establish the hu-
midity conditions. The data revealed that
the departure from Fick’s law is in some
way related to the sorption characteristics
of the diffusion specimen.

Results on polyvinyl chlor-acetate, a
compound of 87 per cent polyvinyl chloride
and 13 per cent polyvinyl acetate and on
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Fig. 5—The diffusion constant increases with water con-
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h
polystyrene, materials which sorb little or
no water, indicate the validity of Fick’s
‘law for compositions of this type because
practically the same constant is obtained

regardless of the humidity range used in
the test. Polymethyl methacrylate and poly-
ethylene sebacate, which sorb less than 2
per cent of water at saturation, illustrate a
slight departure from the law. For mate-
rials that sorb considerable water, such as
polyvinyl acetate, polyamide or most cellu-
lose derivatives, various diffusion values are
obtained which differ too widely to be ex-
pressed by an average. The results on poly-
amide show that modification of Fick’s law
to include the effect of water sorption is
necessary. The arbitrary selection of any
given humidity range and comparison of
all data on the basis of Fick’s law otherwise
would be misleading in the case of mois-
ture-sorbing systems.

The effect of moisture content on the rate
of diffusion of several plastics is indicated
in Figure 5. For these curves the water con-
tents at the vapor pressures were calcu-
lated from equilibrium sorption data by
assuming a linear vapor pressure gradient
across the specimen.

These experiments show some of the fac-
tors that have to be considered when the
diffusion of moisture through a plastic is
important. They do not present detailed
engineering data on the materials tested
nor pass on their relative merits for any
particular application. The choice of speci-
men thickness and other factors must be
determined by the design under considera-
tion and where it is to be used. In addition,
many plastics are available in a wide va-
riety of formulations, permitting the engi-
neer substantial latitude in choice of mate-
rials for his particular requirements.

THE AUTHOR: Grorck DEkg, Jr., was graduated
from the Pratt Institute School of Industrial Chem-
ical Engineering in 1925 and spent the four suc-
ceeding years with the Brooklyn Union Gas Com-
pany as chemist on corrosion problems. He entered
the Laboratories in 1930. After several years’ expe-
rience in corrosion and wood preservation studies,
he joined the plastics group in 1935. Since that
time Mr. Deeg has been engaged in the develop-
ment of test methods and the evaluation of plastic
materials for Bell System applications. He has sup-
plemented his work at the Laboratories with
courses at Brooklyn Polytechnic Institute.
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L. A. MEACHAM
Transmission
Research

In radar, the distance to a target is meas-
ured by determining the length of time be-
tween the transmission of a pulse of micro-
wave energy and the reception of its echo
from the target. The “timepiece” for meas-
uring this very brief interval is known as
the radar range unit.

For every pulse sent out—and there are
hundreds of them per second—the range
unit ticks off a time interval corresponding
to the setting of its controls, and marks the
end of this interval by generating a sharp
“range pulse.” When used with the com-
mon P.P.I. (Plan Position Indicator) type
of radar, the succession of these range
pulses appears as a circle on a fluorescent
screen, along with the map drawn by the
radar echoes. Such a presentation is illus-
trated in Figure 1. The range of a selected
target may be measured by turning a knob
on the range unit until the circle passes
through the image of the target. The time
interval indicated by this circle is then
equal to the round-trip travel time of the
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pulse, and the corresponding range may be
read in yards from the calibrated dial asso-
ciated with the range knob.

Many kinds of radar have been required
to meet a wide variety of military needs,
and likewise a number of different types of
range unit have been needed. An effort was
made early in the war, however, to develop
a timer of high accuracy that might be
adapted to more than one project in the
interests of economy and ease of training
the personnel. The result is the range unit
described in this article. Its accuracy has
made it particularly suitable for radars in-
tended for the control of gunfire. At sea it
has served aboard vessels of many classes,
from submarines to battleships, contribut-
ing to the accuracy of torpedoes, anti-air-
craft fire, and the big guns of main bat-
teries. In the air it has been a component
of some of the bombing radars, while
ashore it has supplied its range information
to anti-aircraft gun directors.

In early radars, the pulses had been
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transmitted at perfectly regular intervals
under the synchronizing control of a stable
oscillator, and the oscillator wave had been
conveniently available for timing the target
echoes. Later, to reduce possible interfer-
ence between nearby radar equipments,
and for other reasons, it was found desir-
able to vary the period between successive
transmitted pulses either by changing the
frequency of the controlling oscillator (thus
destroying its usefulness as a time base), or
in many cases by introducing random fluc-
tuations in the timing of pulse emissions.

OBSERVER

BODY OF
< -AND

|
RADIAL
SWEEP OF
ELECTRON
BEAM,0UTWARD

1
i
II
1
1
i
! FROM CENTER

FLUORESCENT
SCREEN
RANGE 'CIRCLE
Fig. 1-In a typical cathode-ray display using a radial
sweep, the radius of the “range circle” corresponds to
the time interval marked off by the range unit

As a result, the requirement was placed on
this range unit that it must be “asynchro-
nous.” That is, it must not depend upon
uniformity in the time of occurrence of the
outgoing pulses. Whereas the range unit of
the early synchronous radar had resembled
a continuously running clock (with the out-
going pulses leaving “hourly on the hour,”
so to speak), the asynchronous range unit
was required to function like a stop watch,
being started by a transmitted pulse, tick-
ing out its accurate time interval, and later
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being stopped and reset to wait for the next
transmitted pulse.

The general method chosen had been
used previously at lower speeds for measur-
ing telegraph distortion. It required an os-
cillator that could be started and stopped
suddenly enough to allow the independent
time measurements to be made in terms of
cycles and fractions of cycles of the result-
ing trains of oscillations. How this method
was applied is shown schematically in Fig-
ure 2 and illustrated by wave form sketches
in Figure 3. Corresponding letters in these

FROM PULSE
TRANSMITTER

A

SINGLE-TRIP
MULTIVIBRATOR
. —_—

B8 v —I B
TIMING-WAVE SAW-TOOTH
GENERATOR GENERATOR

cf]

RANGE KNOB
é PHASE LI l
SHIFTER
A PULSE | o
D SELECTOR
GEARS
CLIPPER
e ||
OuUTPUT
DIFFERENTIATOR AMPLIFIER
L —= |
F
TO CATHODE-RAY l H
INDICATOR 1

Fig. 2—Block diagram of range unit

illustrations associate each wave with the
part of the range unit in which it is found.

Input A is a series of pulses obtained
from the radar transmitter at times t,, t,/,
etc., each pulse triggering an independent
operation of the “single-trip multivibrator.”
The square-wave output B of this multivi-
brator controls the intermittent operation
of the oscillator or “timing-wave generator,”
starting the sinusoidal timing wave ¢ at
time t, and quenching it thoroughly soon
after t,... In most applications, the interval
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from t, to tg., is of the order of 300 micro-
seconds, and that from t, to t,” may have
any value greater than 500 microseconds.
A minimum time of 200 microseconds be-
tween tu., and t,” is needed for the range
unit to settle down before the next impulse
from the transmitter.

The frequency of the timing wave is
81.96 kc. This wave is passed through a
special “phase shifter” which, when a con-
trol shaft is turned, changes the phase of
the timing wave continuously. If this con-
trol is set at the point of zero phase shift,
the output of the phase shifter has the
same wave form as the original timing
wave shown in line c. For other settings,
the phase of the wave in each train is ad-
vanced or retarded, as illustrated for a
shift of about 270 degrees by the solid
trace of line p. In this line the wave for
zero shift is also shown (dotted) to facili-
tate comparison. When seen on an oscillo-
scope synchronized with the outgoing
pulses, the cycles of the phase-shifted tim-
ing wave appear to move toward the right
or left as the control shaft is rotated clock-
wise or counterclockwise, in much the same
fashion as the spiral seems to move on a
rotating barber pole. Cycles appear and
disappear at the beginning and end of the
recurrent wave train just as turns of the
spiral do at the ends of the pole. The wave
progresses one complete cycle for each turn
of the shaft—the total angular phase shift
being equal to the total angular mechani-
cal displacement.

After amplification, the phase-shifted
wave is converted into a square wave E by
a clipper-limiter circuit that -effectively
transmits only a thin horizontal slice of the
wave, taken near its center line. This
square wave is then “differentiated” by
passage through a small capacitor into a
resistance load, and becomes a series of
positive and negative timing pulses indi-
cated on line F. Only the positive pulses
are used. These are spaced a little over 12
microseconds apart, and represent range in-
tervals of precisely 2,000 yards.

As the phase-shifter control is turned,
these pulses, seen on an oscilloscope as be-
fore, appear to move along the time axis of
the oscilloscope pattern. With each com-
plete turn of the phase-shifter, every pulse
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except one moves smoothly over to occupy
the position previously held by its neigh-
bor; this excepted one shrinks and vanishes
as it runs off the end of the train, and a
new pulse is formed at the opposite end.
If a particular one of the pulses is selected
for attention, it may be moved at will to
any position from within a microsecond
after t, to tma,, and its time with respect to
t, may always be known by the total
amount the control shaft has been turned
away from a zero position that had been
calibrated previously.
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Fig. 3—Wave forins of voltages in the circuit of Figure 2

To the “pulse selector” is assigned this
task of picking out a particular pulse, fol-
lowing it wherever in the train it is moved
by the phase-shifter, and using it to trigger
the desired range pulse. This it does with
the aid of a saw-toothed wave, generated
by slowly charging and rapidly discharging
a capacitor under control of the square
wave of line B. The timing pulses ¥ are
superimposed on the saw-tooth, as shown
at ¢, and this combination is applied to the
grid of a vacuum tube. The cathode poten-

2
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tial of this same tube, which is also indi-
cated on line ¢, is obtained from a poten-
tiometer, the moving arm of which is
geared to the range control that also drives
the phase shifter. At the start of each rising
saw-tooth, the grid potential is far enough
below this cathode potential so that the
tube passes no plate current; but at the in-
stant one of the timing pulses extends
above the “cut-off” value (just below the
cathode potential), the tube becomes con-
ducting. The first small flow of plate cur- ¢
rent is used to trigger a multivibrator-like
circuit, labeled “output amplifier” in Figure
2, which delivers a single range pulse, line
H, at time t, and then blocks to prevent the
transmission of any more than the one tim-
ing pulse until the following microwave

TiMING
WAVE (C)

—_1+ 50 VOLTS

14—

Fig. 5-Simplified schematic of phase shifter anc
wave forms of potentials applied to the disc sector:
(d-c¢ omitted). This is accomplished with negligible

pulse leaves the radar transmitter.

The potentiometer mentioned above is
carefully designed, and is geared to the
shaft of the phase-shifter in such a way
that the cathode potential is changed by
the difference in height between the suc-
cessive pulses on the sloping line while the
pulse train is being phase-shifted the hori-
zontal distance between pulses. If the con-
trol, for example, were set so that a range
of 10,000 yards was indicated, the cathode
potential would be such that the sixth pulse
(counting one at approximately zero range )
triggered the range pulse. If the control
were now turned in a direction to increase
the range, this sixth pulse would move to
the right up the sloping line, and the cath-
ode potential would rise with it. The range
pulse would thus always be triggered by

TEMPERATURE
CONTROL OVEN
[,
] T
) 1
Vi
SQUARE | ! TIMING
WAVE (D) I ¢ | WAVE (C)
- I == L —_ .
: 7 I _L+ 300
\ | = VOLTS
| ! 1
1
+100
S ='voLTs
- {

distortion, even in the first cycle

this same pulse, which would become the
seventh, eighth, ninth pulse, and so on, as
a greater and greater range was indi-
cated. In this way the range pulse, at time
t, may be set accurately to occur at any
time interval after t,, from less than a
microsecond to the maximum range value
that is near tp...

For the sake of picturing the over-all op-
eration, some important features new to
the electron art have been skipped over
quickly. The almost instantaneous starting
of the timing wave at full amplitude and
steady-state frequency is accomplished by
means of the circuit shown schematically
in Figure 4. In its rest condition between
measurements, triode vi passes a steady
plate current through the tuning inductor
L. At time t,, the tube is suddenly made
non-conducting by the negative square
pulse applied to its grid. The current
through the inductor, unable to stop sud-
denly, and unable to flow through vi,
proceeds to charge the tuning capacitor c.
It can be shown that the circuit is then in
the same instantaneous condition it ac-
quires at one point in each cycle of steady-
state oscillation. Thus the suddenly started
oscillation continnes as though it had been

going on indefinitely. The voltage across
the tuning elements is applied to the grid
of the cathode follower v2, which acts as

Fig. 4—Simplified schematic of timing-wave generator
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a buffer amplifier; it provides a low-im-
pedance replica of the timing wave for use
by succeeding circuits. The oscillating fre-
quency of the L-c resonator is made very
stable with the aid of temperature control,
and low-loss elements are employed. To
keep the amplitude approximately constant
throughout each wave train, even the slight
dissipation in these elements is neutralized
by introducing a corresponding amount of
power from tube v2 through the resistor g.

At the time tu.,, vl is restored to its
conducting state, whereupon its low plate
impedance damps the oscillation within a
few cycles, and the steady flow of plate
current is reéstablished.

The problem of shifting the phase of an
intermittent wave, with negligible distor-
tion of its form throughout the steady-
state period, is also a novel one. As shown
in Figure 5, the timing wave is applied to
the grid of a tube v3 having resistance and
capacitance in its cathode circuit and re-
sistance and inductance in its plate cir-
cuit. By properly proportioning these ele-
ments, the wave form of the plate po-
tential may be made accurately the deriva-
tive of the cathode potential, and the
steady-state amplitudes may be made equal.
Then, since the cathode potential is a close
replica of the wave on the grid, and can be
represented by E sinw t, starting at t=o, the
plate potential turns out to be E cosw t,
jumping to its initial peak value within a
small fraction of a microsecond after t=o.

The operation of v3 may perhaps be un-
derstood more readily by imagining r, and
c, to be omitted. In this case the cathode
circuit would be like that of an ordinary
cathode follower, with the cathode poten-
tial E, closely following the grid potential,
and the cathode current having the value
E./R,. The plate current 1, is equal to
the cathode current. Passing through the
inductance L,, this would produce a plate
potential E,= —vr, d1,/dt=— (L, /R, )dE,/dt,
which is thus shown to vary as the de-
rivative of the cathode potential. Similar
reasoning leads to the same derivative re-
lationship if r, and ¢, are used while
L, and g, are omitted. To avoid practical
disadvantages in cither of these simple
schemes, it was found desirable to use a
combination of four elements, as indicated.
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With the aid of two inverter tubes, v4
and vs, four waves are thus produced, g,
E., E,, and E, equal in amplitude and
spaced accurately 90 degrees in phase.
These are connected to four sectors of a
circular metal disc, insulated from one an-
other. All of these sectors have capacitive
coupling to a separate continuous disc,
parallel to the sectored one. By rotating an
eccentric flat slab of insulating material
(having a dielectric coefficient different from
that of air) between the sectored and the un-
sectored discs, the four small coupling ca-
pacitances are varied, and by properly shap-
ing the eccentric slab, the output wave
picked up by the unsectored disc of this
phase shifter may be made to vary linearly
in phase and have constant amplitude.
The over-all accuracy is = (15 yards + 0.1
per cent of the measured range).

Fig. 6—This “brass model” of the range unit built as the
first step in the development operated with the re-

quired precision in a complete radar

Figure 6 shows the “brass model” of the
range unit—built in the laboratory as the
first step in development after a “bread-
board” version. An indication of the ur-
gency attending its construction is the tin
can used to house the temperature control
oven, shown at the rear right of the range
unit. Two dials were used to display the
range setting, one calibrated with ten yards
per division, from zero to 1,000 yards, and
the other with a thousand, up to 45,000
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yards. In manufacture, this eleven-tube cir-
cuit has been given several different physi-
cal forms to suit various applications. The
range dials are generally replaced by coun-
ters resembling those of automobile mile-
age indicators, illuminated for use in dark-

THE AUTHOR: L. A. MgacHAx received the B.S.
in E.E. degree from the University of Washington
in 1929. The following year he pursued graduate

ened surroundings. In some models, shafts
extending from the rear of the unit allow
it to be driven by an automatic tracking
device, and also provide for transmitting
the range information directly to a gun-
laying computer.

studies at Cambridge University in England, where
he received the Cambridge “Certificate of Re-
search” in 1980. That year he joined the Labora-
tories, and until 1940 worked on the development
of precision oscillators and other devices related to
standards of frequency. In 1939 Mr. Meacham
received the Eta Kappa Nu Recognition of Out-
standing Young Electrical Engineers for his “dis-
tinguished research in the generation of constant-
frequency currents and his participation in the cul-
tural life of the community.” During 1940 and
1941 his efforts were turned to the application of
electronic techniques to telephone switching prob-
lems. From that time until nearly the end of the
war he was engaged in radar development, and he
has since been concerned with pulse modulation
systems of multiplex telephony.

VOCAL CORD VIBRATIONS UNAFFECTED BY HELIUM GAS

A lecture audience can always be counted
on for a laugh when the speaker fills his
throat and mouth with helium and talks.
His manly tones are replaced by a comedy
falsetto, only to resume their original qual-
ity as the helium is replaced by air. The
helium gas, of density about one-seventh
that of air at a given pressure, raises the
resonance frequencies of the throat, mouth,
and nose cavities by a factor of about 2.6,
so that they act like cavities of less than
half normal size. However, motion pictures
taken at 4,000 per second of the vocal
cords in an atmosphere of helium show
that the cord vibrations are relatively in-
dependent of the acoustic load formed by
the cavities.
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The effect of density on acoustic reso-
nance is further illustrated by the observa-
tion that the speech of men working
under pressure, such as divers and caisson
workers, sounds unnatural when they are
supplied with a mixture of helium and oxy-
gen instead of air. The use of helium in
this case tends to reduce the occurrence
of bends.

Studies of the speech mechanism are
part of the research program of the Lab-
oratories, since the transmission of speech
is a basic function of the Bell System. A
thorough understanding of the interactions
between the cavities of the vocal tract and
the vocal cords is of importance in evaluat-
ing methods of speech transmission.
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During the darkest period of the war,
when Axis drives had nearly severed the
east from the west, an urgent need arose
for a submarine cable system to link two
strategic points in the hands of our Allies.
Through the Treasury Department, an or-
der was placed for such a system on the
International Standard Electric Corpora-
tion. Since urgent military necessity re-
quired that the cable system be engineered
and manufactured in the United States,
arrangements were made to have the Lab-
oratories undertake the over-all design of
the system, and the detailed design and
manufacture of the terminal and repeater
equipment,

Two sections of cable would be required:
one 125 miles long and the other 25 miles
long—with terminal equipment at both
ends and repeater equipment on an island
at the junction of the two cables. The ter-
minal equipment should provide four tele-
phone circuits and four telegraph cir-
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cuits, and in addition a telegraph order-
wire circuit from the repeater station to
each terminal.

The best solution appeared to be a car-
rier-frequency cable of the solid insula-
tion coaxial type, similar to that installed
between Key West and Havana in 1930.*
This had a tape stranded central conductor
and a return conductor consisting of flat
tapes wound over the outer surface of the
insulation. Such conductors give more cffi-
cient transmission than other forms. The
1930 cable was insulated with paragutta,
a thermoplastic insulation of very good
electrical characteristics. Materials for man-
ufacturing this type of cable, however, were
not available in this country.

Short lengths of carrier-frequency sub-
marine cable had been made by a number
of manufacturers in this country, in par-
ticular by the Simplex Wire and Cable
Company, using vulcanized rubber insula-

*Recorp, May, 1931, page 412.
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Fig. 1-The three types of submarine cable em-
ployed. At the left is the deep-sea cable; in the
middle is the intermediate cable; and at the
right is the shore-end cable

tion, wire-stranded central conductors, and
a return conductor consisting of a large
number of wires laid on the insulation.
Other forms were proposed by various
manufacturers, but they did not appear to
have over-all advantages. Rubber insulation
is not nearly so good as paragutta elec-
trically, and wire conductors are not so
efficient as the tape form used in 1930
cable. The best proportions for such a ca-
ble, however, were decided in the course
of a joint development program by the
Simplex engineers and the Laboratories. The
Simplex Company would make up perhaps
a twenty-foot sample according to our
specifications, and then one of their en-
gineers would bring it with him under his
berth in a sleeper to New York. The trans-
mission characteristics would be measured
at the Laboratories, and the next step
agreed upon. Arriving at a suitable design
was a matter of some difficulty, since, to
furnish the required number of circuits, it
was necessary to work toward proportions
that were close to the limit of what could
be done with a mechanically practicable
size of cable.

As finally designed, three types of struc-
ture were used to make up the complete
submarine cable. These are shown in Fig-
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ure 1. That at the left is a deep-sea cable
with smaller armoring than the others, since
at great depths mechanical injury is less
likely. It is used over the middle section
of the 125-mile cable. For the middle sec-
tion of the 25-mile cable, and for inter-
mediate sections between the deep-sea
section and the shore end of the longer
cable, the intermediate type shown in the
middle of Figure 1 is used. This differs
from the deep-sea type chiefly in having
heavier armor. For both shore ends of both
cables, the type shown at the right is used.
Like the intermediate cable, this also has
heavy armor, and in addition it has a layer
of thermoplastic material to protect the in-
sulation from oil. During manufacture, the
Laboratories made the transmission meas-
urements involved in acceptance tests.

Like all long submarine cable projects,
the equipment was designed to fit the char-
acteristics of the cable. In this case, it was
practicable to use Spiral-4 equipment* for
the telephone circuits and packaged equip-
mentt for the telegraph and order-wire cir-
cuits—all modified somewhat to meet the
changed conditions. The Spiral-4 system
uses the same frequencies in each direction
of transmission because it operates on a
four-wire basis, that is, a separate pair of
wires is used for each direction of trans-
mission. The submarine cable, however,
has but one pair of conductors, and thus
two-way transmission had to be obtained
by subjecting the messages in one direction
to modulation as a group so that they
could be transmitted over the cable at
higher frequencies. This group of fre-
quencies is demodulated at the receiving
terminal before entering the Spiral-4 equip-
ment. New modulators and demodulators
were designed for this purpose. Amplifiers
were provided to take care of the high at-
tenuation of the cables, and directional
filters were provided to separate the fre-
quencies for the two directions, and also
to separate the telephone circuits from the
telegraph circuits. Ringer and testing
equipment were also provided. The equip-
ment designed especially for this system
was made at Bell Telephone Laboratories,
while the standard equipment was fur-

*Recorp, December, 1943, page 168.

tRecorp, March, 1946, page 97.
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nished by the Western Electric Company.

At the top frequency, the attenuation
over the 125-mile cable circuit is about 90
db. The signal level at the ends of the sec-
tions of the cable is extremely low, and a
number of precautions had to be taken to
reduce the effects of noise. One was to di-
vide the equalization between the two ter-
minals, which resulted in an improved
signal-to-noise ratio. Another was to use
batteries for the power supply instead of
an a-c source as is used with Spiral-4. Each
battery has its own rectifier for charging,
and in addition, each has a spare rectifier.
At the terminals, these rectifiers operate
from 115-volt, 60-cycle power supply taken
either from commercial lines or from an

Fig. 2—The five
bays of tele-
phone and tele-
graph equip-
ment employed
at the two ter-
minals

and the telegraph bay. At the repeater sta-
tion, two bays house all the necessary tele-
phone and telegraph equipment. The cabi-
nets for this equipment are of sheet steel
construction, 7 feet high, and have full
length front and rear doors.

Because this equipment was to be in-
stalled in remote locations and operated by
those not familiar with Bell System design,
the instructions for operation and mainte-
nance were prepared in unusual detail,
and comprise two large volumes. In addi-
tion, large photographs of the equipment
with foreign-language descriptions were
fastened to the inside of the front door of
each cabinet. The apparatus numbers
which appear on the wiring diagrams were

TELEPHONE HIGH

GROUP BAY

emergency gas-engine-driven
Gas-engine-driven generators
used at the repeater station.
The telephone and telegraph equipment
at the two terminals occupies five bays, as
shown in Figure 2. From left to right, these
are the telephone high-group bay, the tele-
phone low-group and channel bay, the sig-
nalling bay, the test and order-wire bay,
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generator.
alone are

TELEPHONE LOW GROUP
AND CHANNEL BAY W

e i,

SIGNALLING BAY TEST AND ORDER
IRE BAY

stamped on the inside of the rear doors op-
posite the apparatus for identification pur-
poses. To assure the equipment would oper-
ate satisfactorily, the complete system was
set up in the Laboratories, and over-all tests
were made using networks to simulate the
two sections of the cable. These measure-
ments matched with slight variation the
calculated results made at the start of the
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job. The 125-mile section of this system is
about the same length as the cable between
Key West and IHavana, which has the dis-

THE AUTHOR: W. F. MavronE joined the Engi-
neering Departinent of the Western Electric Com-
pany in 1917, where, in the Systems Drafting
Department, he engaged in the preparation of draw-
ings and specifications for the first panel dial offices.
In 1923 he transferred to the Equipment Develop-
ment Department and for the next eight years
prepared manufacturing information for models
and trial installations of new equipments. During
this time he was responsible for supervising the
installation of the Key West-Havana submarine
cable and the transatlantic radio control equip-
ment at 24 Walker Street, New York. Since then
he has been engaged in developing equipment
for carrier telephone circuits over cable pairs, vari-
ous types of key telephone systems, and is, at the
present time, developing equipment that is asso-

tinction of being the longest carrier tele-
phone cable circuit that is in existence
without intermediate repeaters.

ciated with crossbar switching systems. During
the war he developed equipment for air raid de-
fense and the equipment described in this issue
of the Reconp.

GUN DIRECTOR MECHANISM MOVES MICROSCOPE FOR
CROSSBAR SWITCH MEASUREMENTS

With a traveling microscope, R. E. Cole-
man, Jr., of Bell Telephone Laboratories,
measures the positions of springs on a ver-
tical unit of a telephone crossbar switch
before and after exposures to extreme dry-
ness and humidity. Measurements on twen-
ty-four units involved 48,000 hand-made
revolutions of the microscope lead screw
with 2,400 pauses to read the scale for
distance. To reduce this laboi, Coleman
geared the microscope to a precision mech-
anism (shown by his right hand) which
once formed part of a wartime gun di-
rector. Driven by the electric motor, the
device swiftly moves the microscope to
within one-thousandth of an inch of the
desired mark. A push button under his left
hand starts and stops motor. The counter,
which is shown at the center, records the
number of revolutions of the lead screw
and hence the distance traveled.
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E. E. ALDRICH i
Transmission -
Apparatus ;"_’
Development *

A new application for power retardation
coils arose, during the war, from their
need in pulse generating circuits developed
for radar systems. Power retardation coils
are used chiefly as the series elements of
“LC” filter circuits to suppress the ripple
or noise from d-c circuits. A typical circuit
of this type is shown in the center of Fig-
ure 1, with the input voltage wave at the
left and the output at the right. In this
example, the input is obtained from a
single-phase full-wave rectifier and thus
consists of a series of half-cycle sine waves,
which are smoothed by the filter to d-c
with a low amplitude ripple. In a pulse-
generating circuit, the action resembles the
reverse of the filtering action referred to
above, since in a pulse circuit a d-¢ voltage
is applied across the input terminals of a
coil-and-condenser combination and a pul-
sating voltage is obtained across the out-
put terminals. An important difference
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between these two circuits is that the filter
circuit operates under steady state condi-
tions while the pulse circuit may be con-
sidered as operating under a controlled
transient condition.

A simple type of pulse circuit, which
differs from the filter circuit of Figure 1
only in the addition of a synchronous
switch, is shown in Figure 2. If the switch
is left open and a d-c voltage, Equ., is ap-
plied to the input terminals of the circuit,
the voltage across the condenser will be
as shown in the middle diagram. If the
switch is adjusted so that it closes at the
instant the condenser voltage reaches a
maximum and opens as soon as the con-
denser has been discharged, the voltage
across the condenser will be as shown in
the lower diagram. This is essentially the
action obtained in a pulse-generating cir-
cuit of the “resonance” charging type. The
magnetic* type of pulse generator is also
used extensively in radar work, and al-
though in operation it differs somewhat
from that of a resonant charging type of
generator, they both use retardation coils
which perform similar functions in their
respective circuits.

To make use of these pulses in a radar
system, it is necessary, for reasons which
are beyond the scope of this article, to
modify the above circuit by connecting a#
transformer in series with the condenser
and replacing the condenser by a network.
From a circuit standpoint, this will not ap-
preciably affect the voltage across the net-
work provided the input impedance of the
network at the pulse frequency approxi-
mates that of the condenser it replaces, and
the input impedance of the transformer is
low compared to that of the choke at this
frequency. These characteristics are ob-
tained in the design of the apparatus, and
the circuit becomes that shown in Figure 3.

*Recorp, December, 1946, page 450.
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Fig. 1—An “LC” filter circuit, middle, with the input wave, left, and the smoothed output, right

S

each half cycle, and is zero at the time
the switch closes, since at this time the
network is fully charged. During the time
the switch is closed, the charging choke
is connected across the d-c¢ voltage supply,
and if this condition existed for any ap-
preciable length of time a large current
would build up in the coil. The switch
remains closed for only a few millionths
of a second, however, and since a choke
tends to resist any sudden change in cur-
rent through it, the current remains very
close to zero. The current through the
charging choke and the voltage across it
are shown graphically in Figure 4. The
switch closes at point x, and remains closed
until the voltage across the coil has reached
the d-c supply voltage, E,., at which point
the switch opens again and the cycle is
repeated.

The d-c voltages required for the opera-
tion of the radar circuits for which charg-
ing chokes were designed ranged from
1,200 to 13,000 volts and, as previously ex-

SYNCHRONOUS
SWITCH

|
AN

VOLTAGE —»

TIME ——

VOLTAGE —»

TIME —>

Fig. 2—A simple pulse circuit, top; the output when
switch is open, middle; and with switch opening and
closing, bottom

The voltage across the network remains as
shown in the lower diagram of Figure 2.
' Because the circuit is in resonance, the
voltage across the network rises to a value
practically twice that of the d-c voltage
supply. Since one end of the charging
choke is connected to the network, it must
follow the network voltage, whereas the
other end, being tied to the d-c supply,
remains at the supply potential. This re-
sults in a sine wave of voltage across the
coil that is cut off at the middle of each
half cycle by the closing and opening of
the switch. The network charging current,
which is the same as the choke current,
is a sine wave interrupted at the end of

42

plained, these are doubled in the pulse
circuits. Thus these coils not only operate
at high voltages to ground but also have
high voltages across the windings as well
as superimposed direct currents in their
windings. The pulse rates ranged from
200 to 10,000 pulses per second, and some
of the circuits were required to be oper-
able at more than one pulse rate.

For a power filter choke, it is usually
sufficient to specify only the minimum in-
ductance. Since a pulse-generating circuit,
on the other hand, operates at a pulse rate
equal to twice the resonant frequency of
the “LC” circuit, the inductance of a charg-
ing choke is required to be held within
limits of + 5 per cent. A power filter
choke generally operates at low flux den-
sities and therefore has comparatively low
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core losses so that the greater portion of
the heating is caused by the losses in the
copper. Because of.the space and weight TE'—"L—'C'E@%G.{E'G
requirements, the higher frequency of op- 0=
eration, and the high voltages under which

a charging choke is required to operate,
it is designed to have core losses equal
to or greater than the copper losses in or-
der to achieve minimum size and weight
for the allowable temperature rise. Some
radically different designs resulted from
these requirements, including the use of
0.006-inch-thick permalloy laminations in
the cores. Due to the high operating volt-
ages, particular attention was given to the
winding insulation in order to eliminate the
harmful effects of corona.

Several types of construction are repre-
sented in the charging chokes designed for NN
radar circuits, the choice having been gov-
erned by requirements as to currents, volt-
ages, size, weight, moisture resistance, etc.
These included open type coils with “Flex-
seal” treatment, air-insulated coils with
self-supporting duolateral windings, and oil-
insulated types with either paper-filled or
duolateral windings. Some of the types of
construction are shown in the illustration
on page 241. The weights of these coils
vary from 6 ounces to 40 pounds. Several
thousand of the various types were manu-
factured for the Armed Forces during the TIME —>
war by the Western Electric Company and  Fig. 4-Current through charging choke and voltage
its subcontractors. across it when a synchronous switch is operating

\_ NETWORK

[ SYNCHRONOL’JZI
SWITCH

__ 1_ .
TRANSFORMER <

R UNE R,
oY
e}

Fig. 3—As modified for use in radar circuits, the con-
denser of the pulse circuit of Figure 2 is replaced by a
network, and a transformer is added to supply the output

TIME —»

VOLTAGE
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=]
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THE AUTHOR: E. E. Aupricu received a B.S.
degree in Electrical Engineering from M.IT. in
1927 and joined the Technical Staff of the Labora-
tories in 1930. Since then he has been with the
Transmission Apparatus Development Department
where he has been chiefly concerned with the de-
sign and development of networks, transformers,
and repeating and induction coils. During the
war he devoted his time to the development of
power transformers and charging chokes for radar,
and communication equipment for the Armed
Forces. Since the close of the war he has been en-
gaged in the design and development of pulse
transformers for use in radar, pulsed communica-
tion systems, and television circuits.
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MOBILE RADIO TELEPHONE m
Leernniiies

Since radio transmitters in vehicles

equipped for radio telephone service must
be of low output in the interest of economy,
reasonable battery drain, size and weight,
their range for dependable transmission is
relatively short. Satisfactory service with
such limited range is achieved by installing
receiving sets at a number of carefully
selected locations throughout the area
served. For transmission to the mobile units,
however, size and weight of the trans-
mitter are not determining factors. The
“land” stations for the mobile service, there-
fore, have been engineered on the basis of
using one, or two, transmitters of much
larger output. Preliminary studies indicated
that an output of 250 watts would be ade-
quate, and that a transmitter of this size
could best be provided by using an exciter
similar to the mobile transmitter which
would drive a 250-watt radio-frequency
amplifier. Such a combination with the ad-
dition of power supply and control equip-
ment comprises the 540A transmitter.
As finally arranged, the 540A transmitter
consists of seven units assembled in a steel
cabinet with front and rear doors shown
in the accompanying illustrations. The up-
per unit is a meter panel, and is mounted
behind glass above the top of the front door
so that the faces of its four meters will
be visible when the door is closed. The
other units, from top to bottom, are the
250-watt 137A amplifier, the 40A radio
transmitter, the 575A control panel, the 2A
frequency monitor, the 24A low voltage
rectifier, and the 25A high voltage rectifier.
The 40A transmitter is quite similar elec-
trically to the 38B transmitter designed for
vehicular use, but modifications were in-
corporated to make it suitable for relay
rack mounting. In addition, the dyna-
motor was removed, and heater type
tubes were substituted for the filamentary
type throughout the set. Whereas the 38B,
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with the help of its dynamotor, was oper-
ated from the 6 or 12-volt car battery, the
540A is operated from the 60-cycle a-c
commercial supply through its two recti-
fier units. It can be controlled from a re-
mote operating point to the extent that
both tube filament and high-voltage sup-
plies are under control of the central-office
operator. The 2A frequency monitor, which
is mounted in the transmitter cabinet, is
used to transmit an alarm over a telephone
line extending back to the control point
should the transmitter carrier-frequency
deviate beyond the specified tolerance. As
already described,* this monitor affords an
indication that the transmitter is in opera-

*Recorp, April, 1947, page 137.
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tion at its proper frequency and thus that
it is available for handling traffic,
Included in the cabinet of the 540A trans-
mitter are two blowers: one for cooling the
tubes in the power amplifier, and the other
for circulating air through the entire cabi-
net. Air is taken through a filter in the rear
door and is exhausted through the top of

THE AUTHOR: A. E. Harrison graduated from
the University of Colorado with the degree of B.S.
in E.E. in 1931, and spent the next three years as
radio technician for the American Airways and the
Denver Police Department. In 1934 he joined the
U. S. Department of Commerce as Airways Engi-
neer, and engaged in developing radio aids to
navigation. During 1941 he was with the Aeronau-
tical Radio, Inc., Washington, D. C., codrdinating
engineering for the domestic airlines, and was also
Secretary of the Radio Technical Commission for
Aeronautics. Later, attached to the Joint Radio
Board in Washington, he was consultant for the
Navy on aircraft radio equipment. In 1942 he
joined the Laboratories Technical Staff, first work-
ing on the development of very-high-frequency
airborne radio communication equipment and sub-
sequently of ultra-high-frequency airborne com-

June 1947

the cabinet. Both this rear door, which
gives access to all wiring, and the front
cover on the 40A radio transmitter unit
are equipped with safety interlocks to ren-
der the set inoperative when either the
rear door is opened or the cover removed
from the 40A. No such protection is pro-
vided for the front doors since, with the
exception of the 40A, none of the front
panels has points of dangerous voltages.

Considerable attention has been paid to
the development of mechanical and elec-
trical arrangements which will insure re-
liable service. Xenon gas-filled rectifier
tubes, for example, are used instead of the
mercury vapor tubes commonly employed.
Mercury vapor tubes become inoperative
at temperatures below freezing, while the
gas-filled tubes remain operative at tem-
peratures of 40 degrees below zero. An-
other frequent cause of trouble in service
is high resistance contacts in variable ele-
ments of the tuning circuits. In this trans-
mitter, an output circuit was designed in
which there are no moving contacts carry-
ing radio-frequency currents. This careful
attention to all factors affecting operation
has resulted in a transmitter that will fur-
nish reliable service continuously under the
wide variety of conditions encountered in
Bell System service.

munication equipment for the Navy. Since the end
of the war he has been developing fixed station
radio transmitters for the Bell System urban and
highway radio telephone service.
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This Croix de Guerre avec Palme was re-
cently received by Lt. Col. Frank A. Parsons
from the Belgian Government. It was awarded
to him on May 2, 1946, for the part he played
during World War II in the liberation of
Belgium. Colonel Parsons also holds the
French Croix de Guerre as noted in the
REcorD for September, 1946

Pulse Code Modulation

A radically new technique which promises
freedom from noise and interference in long-
distance telephone communication was de-
scribed by W. M. Goodall in a paper pre-
sented before the Union Radio Scientific
International on May 5 at Washington, D. C.
Known as PCM, for pulse code modulation,
it is a method of transmitting the human voice
by various patterns, or codes, of electrical sig-
nals. Each pattern conveys certain informa-
tion about the voice at a particular instant
and from a succession of such patterns an en-
tire conversation can be reconstructed.

The conversions from voice to pattern and

NEWS AND PICTURES

OF TRE MONTH

back from pattern to voice—known as the
coding and decoding processes—are accom-
plished electronically at almost unbelievable
speeds. If enough patterns are used, these
conversions can be made with incredible fi-
delity and so smoothly that the human ear
is completely unable to detect the processing.

Although the new system is expected to
be used primarily as an adjunct to the tele-
phone network, it can also be used to trans-
mit radio programs, pictures and teletype-
writer signals.

A description of the basic principles of PCM
will appear in an early issue of the REcorp.

L. F. Morehouse, 1874-1947

Lyman F. Morehouse, who retired from the
A T & T in 1939, died on May 1. Born on
October 21, 1874, he was graduated from the
University of Michigan in 1904, where he
remained for two years as professor of
electrical engineering. In 1934 his Alma Mater
honored him with the degree of Doctor of
Engineering.

Dr. Morehouse joined the Western Electric
Company in 1906 and was soon sent to Eu-
rope as its Transmission Engineer. He re-
turned in 1909 and was transferred to the
A T & T as Equipment Engineer concerned
with the development of central-office equip-
ment, making many valuable contributions in
this field. When the D & R consolidated with
the Laboratories in 1934, he became Assistant
Director of Systems Development. A year later
Dr. Morehouse went to London as Technical
Representative in Europe of the A T & T and
the Laboratories. He retired from the Bell
System in 1939. During World War II he
was associated with the O.S.R.D.

Third in a series of Laboratories PBX pictures
to be published in the Recorv is this trio of
operators and their supervisor, Dorothy Carl-
son, standing, of Murray Hill. Left to right,
the operators are Paulina Ryan, Mary McKay
and Margaret Kerrigan
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E. J. Kane Goes to Western

E. J. Kane, Switching Development Engi-
neer, has been appointed Patent License
Engineer of the Western Electric, reporting to
Vice-President Best. After graduation from
Brooklyn Polytechnic Institute in 1921, Mr.
Kane entered Equipment Development where
he worked on step-by-step, panel and No. 1
crossbar systems. In 1941 he was appointed
Switching Development Engineer. During the
war, his department was responsible for the
development of flight
trainers for the Navy
and pre-production
engineering of ship
radars. Since the
war, Mr. Kane has
been responsible for
the switching labora-
tories, for perform-
ance phases of
switching apparatus,
and for various cur-
rent developments.
He received the de-
gree of Bachelor of Laws from Fordham in
1929 and was admitted to the New York State
Bar in 1930.

J. M. Hayward Receives Legion of Merit

In a recent ceremony at Fort Slocum, New
York, Colonel John M. Hayward, of Station Ap-
paratus Development at Murray Hill, received
the Legion of Merit Award from Colonel G. A.
McHenry of the Air Corps. The citation reads
as follows: “As Chief, Technical Data Lab-
oratory, Headquarters, Air Technical Service
Command, from January, 1943, to Septem-

ber, 1945, Colonel Hayward created and su-
pervised the activities of a unit dealing with
the compilation, verification and codrdination
of highly important flight data, technical in-
formation and engineering evaluations of do-
mestic and foreign aircraft and equipment.
Colonel Hayward’s noteworthy attainments
and his exemplary devotion to duty reflect
great credit upon himself and the Army Air
Forces.”

Army Signal Association Meets at
Fort Monmouth

The First National Convention of the Army
Signal Association was held at Fort Mon-
mouth on April 29. Following a business ses-
sion, the delegates were given the opportunity
to see a great many excellent exhibits of the
latest in communication, electronic and photo-
graphic developments for the Armed Forces.
In addition to the exhibits which proved most
interesting, an overseas teletype conference
was demonstrated consisting of about 25,000
miles of circuit that included Tokyo, Japan,
Frankfort, Germany, and several other stations.
R. D. Parker, recently retired from the Lab-
oratories, was one of the conferees at Tokyo.

A banquet, sponsored by the New York
Chapter No. 1 and attended by about 500
delegates and members, was held the evening
preceding the convention at the Pennsylvania
Hotel. As President of the New York Chap-
ter, Brig. Gen. Carroll O. Bickelhaupt of
the A T & T welcomed the guests. The re-
tiring Chief Signal Officer of the U. S. Army,
Major General H. C. Ingles, and the new
Chief Signal Officer, Major General Spencer
B. Akin, were guests of honor and attended

During the First Quarter of 1947 the United States Patent Office Issued Patents
on Application Filed by the Following Members of the Laboratories

H. L. Barney T. L. Dimond A. C. Keller (2) L. A. Meacham J. W. Rieke

A. C. Beck W. A. Edson W. M. Kellogg E. D. Mead V. L. Ronci (2)
T. A. Becker (2) F. S. Farkas A. R. Kemp O. R. Miller A. L. Samuel (2)
B. S. Biggs C. E. Fay A.P. King H. Morrison J. C. Schelleng
A. R. Bonorden C. B. H. Feldman N. Knapp, Jr. I. F. Muller R. W. Sears

A. E. Bowen (2) T.R.Finch (2) P. V. Koos O. Myers (2) R. B. Shanck

O. E. Buckley H. T. Friis 1. A. Krecek R. C. Newhouse W. Shockley

I1. T. Budenbom E. M. Fry E. Lakatos R. S. Ohl G. K. Teal

A. ]. Busch M. S. Class W. V. K. Large B. M. Oliver F. M. Thomas
D. M. Chapin H. W. Coff C. A. Lovell C. V. Parker E. J. Walsh

11. Christensen W. M. Goodall A.N. Luce D. B. Parkinson (2) E. F. Watson

I. E. Clark P. L. Hartman (2) T. A, Marshall J. R. Pierce (2) C. A. Webber
C. A. Dahlbom J. R. Haynes W. P. Mason (6) ]. A. Potter (2) J. W. West (3)
J. W. Dehn R. E. Hersev (2) R. F. Massonncau R. K. Potter W. Whitney

C. Depew C. N. Hickman R. C. Mathes 1. B. Retallack A. S. Windcler
W. A. Depp (2) E. W. Houghton D. A. McLean (2)  F. W. Reynolds W. R. Young, Jr.
E. Dickten, Jr. P. A. Jeanne 7. O. McNally C. D. Richard
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Whippany has a new stenographic department with hectograph and TWX facilities under the supervi-
sion of Harriet Filmer, who is also supervisor of secretarial services. Members of the stenographic group
shown are, left to right: Dorothy Clothier, Ann Riley, Betty Engstrom, Ruth Soranno, Marie Dempsey,
Ruth Leonard, to whom these girls report, and Mrs. Filmer

both the banquet and the convention. Eighteen
members of the Laboratories attended the
banquet in New York, and the following at-
tended the Monmouth session: W. O. Arnold,
E. W. Conger, W. H. Edwards, L. L. Glezen,
W. W. Maas, T. A. McCann, L. Pedersen,
T. N. Pope, W. J. Smith, Morton Sultzer,
W. P. Turpin and R. C. Winans.

News Notes

Dr. Vannevar Bush, President of the Carnegie
Institute of Washington and a Director of the
AT & T, visited the Laboratories on March 19
and again on April 16.

GENERAL review conferences, held in Chicago
with Hawthorne engineers, were attended by
A. F. BennETT, R. Bown, R. M. Burns, A. B.

“The Telephone Hour”
NBC, Monday Nights, 9:00 p.m.

June 9 Bidu Saydo
June 16 Gladys Swarthout
June 23 Olga Coelho, Andres Segovia
June 30 Maggie Teyte
July 7 Nelson Eddy

CLark, H. A. Freberick, A. G. Ganz, F. J.
Given, W. C. Jones, A. C. KeLLer, M. ].
KeLry, W. H. MarTiN, R. G. McCurpy, D. A.
QuarnLes, H. O. Siecayunp and E. B. Woon.

WiLrLiam FonbpIiLLER spoke on Industrial Re-
search in Electrical Communication before the
A.LE.E. Student Chapter at the College of the
City ot New York.

D. A. QuarcLes attended a Board of Directors’
meeting of the AILE.E. in Worcester, Mass.
He also attended a meeting of the Committee
on Electronics of the Joint Research and De-
velopment Board in Washington.

M. B. Lonc was one of the six vice-presidents
elected for a two-vear term, beginning July 1,
by the Telephone Pioneers of America.

R. K. PorTER appeared on WCBS-TV, the Co-
lumbia Broadcasting System’s New York Tele-
vision Station, where he demonstrated and ex-
plained Visible Speech, using the newly devel-
oped plavback device.

HarveEy FLETCHER, at the invitation of the In-
stitute of Radio Engineers, gave a demonstra-
tion lecture on The Pitch, Loudness and Qual-
ity of Musical Tones using the tone synthesizer
at a joint meeting of the Montreal Section of
the LR.E., ALE.E, and the Engineering Insti-
tute of Canada on March 13 at Montreal. At
the invitation of the Royal Canadian Institute,
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he gave the same lecture at a joint meeting of
the Toronto Section of the A.LLE.E. and the
Royal Canadian Institute on March 15 at the
University of Toronto. A. R. SorrFEeL, S. BaLa-
siexk and P. B. O~cLey accompanied Dr.
Fletcher as his assistants.

A. N. Horpen addressed the New York Miner-
alogical Club at the Museum of Natural His-
tory in New York on Growing Crystals From
Solutions. The Laboratories recently exhibited
real and synthetic crystals at that museum.

C. E. Suannon spoke before the Mathematics
Colloquium at Harvard University on The
Transmission of Information. He repeated the
talk before the Colloquium of Applied Mathe-
matics at Brown University.

W. L. Bonp and EL1ZABETH ARMSTRONG at-
tended a meeting of the Crystallographic So-
ciety at Annapolis. Mr. Bond gave two papers,
one entitled An Alignment Chart for the Polar-
ization Correction in the Equi-Inclination
Weissenberg Method; and the other, Making
Crystal Plates for Piezoelectric Research.

Dr. ArmstronG gave a talk on The Voca-
tional Opportunities for Students Majoring in
Geology on April 21 at Barnard College of
Columbia University.
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W. A. MacNaig, C. H. Townes, E. J. MurpHY
and L. H. GerMEer attended meetings of the
Metropolitan Section, American Physical So-
ciety, at Columbia University.

K. K. Darrow recently went to Philadelphia,
where he attended the American National
Conference on the United Nations Educa-
tional, Scientific and Cultural Organization
and prepared a report on the proceedings of
its Division of Natural Sciences. Dr. Darrow
has been appointed to the United States Com-
mittee of the International Union of Physics.

E. C. WENTE attended a meeting of the Board
of Editors of the LR.E. in New York.

W. A. Munson, F. M. Wiener and J. E. Kar-
LNy discussed electro-physiological measure-
ments with Dr. J. E. Hawkins at the Merck
Chemical Laboratory in Rahway.

H. W. HErmancg, C. W. MaTTson, A. J. EN-
ceLBERG and O. C. Eriason participated in a
codperative study in Chicago of atmospheric
contamination.

F. S. MaLMm, H. PETERs and C. M. HiLL vis-
ited the Vulcanized Rubber and Plastics Com-
pany at Morrisville, Pa., to discuss hard rub-
ber problems.
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Scope of the present Bell System’s mobile radio telephone service
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“At Lunch”

A birthday party for Margaret Schiehser, ready to open
her present, is the occasion for this happy gathering.
Clockwise around the hooth, the girls are Virginia
Ahearn, Mary Mallard, Mrs. Schiehser, Edna Ruckner
and Margaret Haunfelder

A trio, formerly of the Club Store staff, enjoy luncheon
get-together where G. J. Wolters is giving his order to
their favorite waitress, while S. M. Ray and C. R.
Schiramm enjoy ribbing him

R. C. Pratow and W. Orvis discussed adhe-
sives al the Armstrong Cork Company in Lan-
caster, Pa.

C. S. FuLLEr spoke before a panel on new
non-metallic materials at the Chicago Produc-
tion Conference. M. Fuller’s topic was New
Non-Rigid Plastics. He also visited Hawthorne
for discussions on plastic problems.

I. Levrtritz, R. Burns, C. J. Froscu, C. S.
FuLLER, G. DEEG and I. L. Hopkins attended
the A.S.T.M. meeting in Cincinnati at which
Mr. Leutritz presented a paper on The Effect
of Fungi on Plastics.

D. H. WENNY, Jr, I. V. WiLLiams and J. R.
BoETTLER spoke on modern fabrication meth-
ods at the Deal-Holmde! Colloquium held at
Holmdel on April 8. Their talks covered die-
casting, precision-casting, permanent-mold
casting and centrifugal casting. At the May 2
colloquium, also at Holmdel, RaLpn Bown dis-
cussed Research Topics.

F. G. FosteEr has been made a fellow of the
New York Microscopical Society, an affiliate of
the New York Academy of Sciences.

HArvEY FLETCHER visited the Physics Depart-
ment at Rutgers University, New Brunswick,
where he attended a meeting of the Advisory
Board of the Research Council. He also at-
tended the National Academy of Sciences
meetings in Washington.

THE FOLLOWING engineers attended meetings
of the American Mathematical Society and the
Institute of Mathematical Statistics at Colum-
bia University: H. W. Bobg, R. M. BozorTH,
D. L. DietzoLp, R. W. HaMmMixG, L. A. Mac-
CoLL, B. McMmLLaN, C. E. SHanNoON, W. A.
SHEWHART, J. W. Tukey and O. ]. ZoseL.
Mr. Bozorth presided at the May 3 session,
which was devoted to the Solid State.

J. R. Tow~senD has been elected Chairman of
the Board of Review of the American Stand-
ards Association.

A. R. Kemp selected Recent Trends in Rubber
and Plastics as the topic for his talk before the
Monmouth County Section of the American
Chemical Society on April 10 at the Squier
Signal Laboratory, Fort Monmouth.

<« Apparatus Development Department engi-
neers who frequently go to lunch together are,
left to right, E. S. Savage, W. H. Sellew, and
A. B. Reynolds, who continued their lunch
undisturbed by the Laboratories cameraman,
Jack Stark
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R. M. Bunns traveled to the Pacific Coast in
March. Dr. Burns conferred with engineers of
I'he Pacific Telephone and Telegraph Company
in Los Angeles and San Francisco and of The
Mountain States Telephone and Telegraph
Company in Boise, Idaho. He also visited the
California Institute of Technology, Stanford
University and the University of California at
Berkeley. At the Western Metal Congress at
Oukland he spoke on The Theory of Corrosion
and Protective Coatings.

C. H. Townes spoke on Aicrowave Spectros-
copy at the Physics Colloquium of Columbia
University and at the Joint Physics Colloquium
of Duke University and the University of
North Carolina at Duke University.

AxronG THE LaBonaTonies engineers who at-
tended the American Chemical Society na-
tional convention at Atlantic City were R. B.
GieNEY, S. O. Morcan, W. McMasoN, L. Ec-
entoN, W. G. Strartirr, C. J. Froscy, C. S.
FuLLer, F. H. Winscow, J. H. Hesss, Jr., G.
H. Wiriams, B. A. Stiraterir and J. B.
DeCosTE.

G. T. Kouman and W. G. Strarmirr attended
a conference at Allentown on growing crystals.
Mr. Kohman and M. D. Rictermnk discussed
silica gel with members of the Davison Chemi-
cal Corporation in Baltimore. They also at-
tended the annual meeting of the American
Ceramic Society at Atlantic City with A, W,
TrepTOW, J. R. FiscHER, W. F. JaANNSEN and
J. F. POoTTER.

A. M. CrocsTEN spoke on A Type of Electron
Motion in Crossed Electric and Magnetic
Fields and Applications on April 30 at Murray
Hill at a conference of the Electron Dynamics
Research Group. At the same conference, A. T.
Norpsieck gave a talk on the Theory of the
Traveling Wave Amplifier for Large Signal
Amplitudes.

U. B. Tuomas, Jr., and G. S. Pureps visited
the National Battery Company at Depew,
N. Y., where they discussed lead-calcium grids
for storage batteries. Mr. Thomas presented
a paper, The Oxidation of Metals, ol which
W. E. CampPBELL was co-author, at the Spring
Congress of the Electro-Chemical Society in
Louisville.

Here a table of engineers crowd a fireplace —»
corner in one of the more popular restaurants.
Clockwise they are B. F. Lewis, Switching Ap-
paratus; S. P. Shackleton, Systems Develop-
ment; R. W. Hamming (hidden), Research;
and J. L. Sherry, Apparatus Staff
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“At Lunch”

The girls at this teble in one of the restaurants well
patronized by Laboratories people are, left to right:
Vivian Kilpatrick, General Service; her sister, Mildred
Kilpatrick, Personnel; Margaret Wardlaw, Systems De-
velopment; and Joyce Thompson, Staff Department

K. F. Rodgers of the Transmission: Apparatus Develop-
meni Department, and his wife, formerly Allegra Ham-
ilton of the Laboratories, relax with an after-luncheon
smoke in a nearby vestaurant
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J. C. OsteEN attended the Paint and Varnish
division meeting of the American Chemical
Society in Atlantic City.

V. ]J. Ausano presented a paper on Electro-
Chemical Factors in Underground Corrosion
of Lead Cable Sheath at the Chicago conven-
tion of the National Association of Corrosion
Engineers. Others attending included K. L.
MaUrer, R. Pore, H. M. TrueBLooD and
A. MENDIZZA.

J. H. Herss, Jr., attended a meeting of the Of-
fice of Rubber Reserve Research Group in
Washington, where he presented a paper on
Molecular Weight of Microgel, of which W. O.
BAkKER was co-author.

C. S. FuLLer spoke on Behavior of Polymers
in the Solid State at a symposium arranged by
the Polytechnic Institute of Brooklyn.

B. D. HorLsrook and S. C. HicHT conferred on
radar in Washington with members of the
Naval Research Laboratory and the Bureau of
Ordnance.

W. SnockLEY attended the conference held at
Princeton University on the program for the
Brookhaven Laboratories, Long Island.

J. R. HaynEs spoke at Rutgers University to
the Physics Seminar on The Print-Out Effect
and Its Use in the Study of the Motions of
Electrons in Silver-Halide Crystals in an Elec-
tric Field.

G. E. Mooge visited the General Electric Com-
pany in Schenectady.

A. H. WHrtE was in Toronto on April 25-27
visiting the University of Toronto.

~ Tr

j. D. HTDonNray, professor of crystallography
and mineralogy at The Johns Hopkins Univer-
sity, spoke on Twinning in Crystals on May 2
in the Arnold Auditorium.

W. L. Bonp and G. C. DanieLsoN attended a
one-week course on Diffraction and Spec-
trometry sponsored by the North American
Philips Company. Morning lectures were given
by outstanding authorities and afternoon ses-
sions were devoted to laboratory work.

J. R. EricksoN was technical advisor on studio
scenes for a Western Electric picture being
made in Chicago featuring telephone sub-
scribers’ instruments.

H. F. Hopkins and N. R. STRYKER presented a
joint paper entitled A Proposed Loudness Effi-
ciency Rating for Loud Speakers and the De-
termination of System Power Requirements for
Enclosures at the Society of Motion Picture
Engineers’ meeting in Chicago.
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L. VietH, F. S. Corso, J. R, Powgr, W. KALIN,
J. M. Rocig, R. E. PrescotT and T. H. CraB-
TREE were in Burlington in connection with
the manufacture of hearing aids and other spe-
cialty instruments.

G. F. ScuMipt was in Burlington concerning
problems on the hand-held lip microphone.

F. F. Romanow attended a meeting in Wash-
ington of the American Standards Association
Subcommittee devoted to Fundamental Sound
Measurements.

W. L. TurrNeLL, D. T. EiciMEY and W. G.
TurnBULL, at Archer Avenue, Chicago, dis-
cussed handset problems and attended a qual-
ity survey on the new operator’s telephone set.

Retirements

Recent retirements from the Laboratories
include A. W. HornE, with 46 years of serv-
ice; C. D. DusHECK, 44 years; J. M. FIxNcH,
36 years; RuboLru SLoveENz, 27 years; WAL-
A. HENSZEY

TER CLARNER, 26 years; and S.
with 24 years of service.

S. A. HENsZEY

J. M. Fincu

James M. Fincu

After attending Columbia University, Mr.
Finch joined the Installation Department of
the Western Electric Company in 1910. The
following year he transferred to the Chemical
Laboratories of the Engineering Department
to work on chemical development and con-
trol of insulating materials. Mr. Finch has
bheen concerned with the development of elec-
trical insulating papers, sheet insulating ma-
terials, including phenol fibre and vulcanized
fibre, plastic films, textiles and enameled wire.

His work on insulating paper for the con-
ductors in lead-covered cable promoted the
gradual change and improvement in this in-
sulating material from the original manila
hemp fibre to the present paper which con-
sists largely of wood pulp and is a stronger
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C. D. DusHECck

paper of better electrical characteristics and
of longer life than the earlier version. Sim-
ilarly, Mr. Finch participated actively in the
development of capacitor paper from the days
when 0.5 mil linen base paper was the best
available material to the present time when
0.2 mil Kraft tissue is becoming available.
This development has permitted the design of
our present-day small size capacitors. Mr.
Fincl’s contributon to paper technology in-
cludes the development of tests for wet
strength, edge tear, and thickness, all of
which were subsequently adopted by the
American Society for Testing Materials and
the Technical Association of the Pulp and
Paper Industry.

SAMUEL A. HENSzEY

Mr. Henszey joined the Installation Depart-
ment of the Western Electric Company in
1923 as an employment interviewer. In 1928
he transferred to the Headquarters Depart-
ment at 195 Broadway and was responsible
for personnel services. Eleven years later he

RupoLpPH SLOVENZ

was assigned to the Telephone Sales Depart-
ment in charge of a group editing supply in-
formation for the A T & T Technical Informa-
tion Letters sent to operating companies. Mr.
Henszey came to the Laboratories in 1942 and
since then had been in charge of the Men’s
Division of General Employment.

Cuarres D. Dusneck

Mr. Dusheck of Equipment Development
started as a draftsman at the old Clinton Street,
Chicago, plant of the Western Electric Com-
pany in 1902 where Messrs. Gray and Barton
were still active. Except for a brief period
with the Wisconsin Telephone Company, he
remained with the Western Electric Company
or the Bell Telephone Laboratories until his
retirement. In 1913 he came to New York
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to work on the Newark semi-mechanical and
early full mechanical panel installations, be-
coming a circuit drafting supervisor in 1920.
In 1927 he was made supervisor of all Systems
drafting. Since 1939 he had been engaged in
general equipment standards engineering work.

RuboLrH SLovENZ

Mr. Slovenz came to the Laboratories as an
instrument maker in 1920. Five years later he
was assigned to the precision shop and since
that time had specialized in tool and die work.
The more important projects with which he
was associated included television apparatus
used in the 1927 and 1929 demonstrations,
high-speed motion picture cameras and, dur-
ing the recent war, molding dies for making
plastic details.

WaLTER CLARNER
Mr. Clarner joined the Laboratories in 1920
as a millwright in the old Building Shop. In
later years he was assigned to duties in the
Building Operation Department.

WaLTER CLARNER

ArTHUR W. HORNE

The first seventeen years of Mr. Horne's
telephone career was with the New England
Telephone and Telegraph Company. In 1917
he joined the Signal Corps and saw service
overseas. Returning to the New England com-
pany for a short period, he then came to the
Western Electric Engineering Department to
work on line finders and district selectors for
the panel system. Between 1920 and 1923 he
was in Omaha and Seattle on the initial in-
stallation of panel equipment in these two
cities. The next two years he was engaged
in field inspection work in the eastern part of
the country. Since 1925, with what is now
the Switching Development Department, he
has been concerned with circuits that are asso-
ciated with senders, decoders and markers.
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The Bridge Club Takes Its Game Seriously

This foursome, arranging cards just picked from the
hoard, was entirely unaware that a photograph had
been taken. Left to right, they are T. L. Tanner, R. W.
DeMonte, T. ]. Grieser and C. M. Morris

News Notes

M. H. Cook attended general review confer-
ences at Hawthorne and visited the University
of Illinois at Champaign.

J. T. CauLFieLp visited the Naval Air Test
Center at Patuxent, Maryland.

J. H. Cook made a short visit to the Douglas
Aircraft Company, Santa Monica, California.

R. W. BeNFER related his recent experiences
with Task Force Frigid at Fairbanks, Alaska,
in talks before the Whippany Camera Club
and the New York “N” Club.

H. A. WuITtE spent two weeks at the Radio
Shops in Winston-Salem.

V. I. Cruskenr’s visit to the Harris-Seybold Com-
pany, Cleveland, concerned antenna problems.

H. A. Baxter, B. H. NomrpstroMm and P. H.
Traver discussed Navy equipment at the Pal-
mer-Bee Company in Detroit. Mr. Baxter
conferred on radar components at the Gorham
Manufacturing Company located in Provi-
dence, Rhode Island.

F. W. Kausch, E. P. Furst and G. T. Mc-
CanN have returned from Burlington, where
they assisted in the preparation of manufac-
turing drawings for 10-kw and 3-kw frequency
modulation broadcast transmitters.

F. E. Ninmvicke and J. H. HErsueEy were at the

Navy Bureau of Ordnance in Washington for
radar discussions.

G. R. Bensoxn, J. F. BrennaN, A. G. CosTEL-
LanNo and J. J. Siatox are assisting in the prep-
aration of manufacturing drawings of airborne
radar equipment at Winston-Salem.
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Isolde Graham, second from the left, studies her hand
while her opponents, Marguerite Johnston and Molly
Radtke, extreme left and right, await her bid. Mrs.
Graham’s partner is Florence Costello

H. C. Lroyp, M. N. Yarsoroucy, F. L. Lanc-
HaMMER and E. L. Bricut have been spend-
ing considerable time at Winston-Salem on an
airborne radar project. Mr. Yarborough, Mr.
Langhammer and F. C. WiLLIs participated in
discussions on the antenna for that project at
the Brooks and Perkins Company in Detroit.
Mr. Willis was also in Dayton for a conference
with the Air Matériel Command on various
radar equipment.

P. W. BLyE participated in the March- 5 Sci-
ence Forum broadcast over Station WCY,
Schenectady. His topic was What's News on
the Party Line. Science Forum programs help
to acquaint the radio public with the achieve-
ments of modern research and engineering,
and to promote on the part of laymen lis-
teners an interest in scientific endeavor.

Beatrice Koukol and her partner, W. L. Gaines, ap
pear to be down at this point. H. H. Felder, left
watches closely as his partner, G. H. Downes, lead.
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W. H. DorERTY presented a paper on Western
Electric FM Broadcast Transmitters during the
Broadcast Engineering Conference at Atlanta,
sponsored by the Georgia School of Technol-
ogy, the Georgia Association of Broadcasters
and the Atlanta section of the Institute of
Radio Engineers.

K. K. Darrow was in Washington to attend
meetings of the National Research Council
Committee on International Scientific Unions,
the National Academy of Sciences and the
American Physical Society, and in Philadelphia,
meetings of the American Philosophical So-

AT THE ACOUSTICAL SOCIETY OF AMERICA
meeting, May 8 to 10 in New York, Harvey
FLETCHER, Program Chairman, presented a
paper An Institute of Musical Science—A Sug-
gestion. A demonstration of electronic instru-
ments, many of them experimental or home
workshop projects, was given by various
engineers including L. A. MgeacHaMm, J. E.
KarLiy, R. N. Larson, R. H. NichoLs, Jr.,
P. B. OncLEY, J. R. AnpeErson and C. D.
LINDRIDGE.

D. W. BobLE was in Atlanta recently in con-
nection with the natural lightning studies the

T. C. Rice, extreme right, has just taken a trick and is
now leading. His partner is N. C. Brower; his opponents,
W. F. Brown, extreme left, and A. A. Catlin, opposite

Edna Aamodt, having taken a trick, studies her op-
ponent, L. C. Roberts. Her partner is C. L. Dell-
“water; her other opponent, B. B. Mann, extreme right

ciety. In a broadcast on May 3 on the Adven-
tures in Science series of the Columbia Broad-
casting System, his topic was The Meeting of
the American Physical Society. Dr. Darrow
has been appointed a member of the Visiting
Committee, Physics Department, of Union Col-
lege and of the National Research Council,
Division of International Relations.

C. H. WiLLiams spoke on Radar before the
Lions Club at Mine Hill, N. J.

O. H. DanieLsoN and F. C. Masex conferred
on a Government project at the Watson Lab-
oratories, Eatontown, N. J. They also visited
the plant of the Reeves Corporation in New
York with W. C. Tivus in connection with the
manufacture of a Navy project.

F. W. CunningHAM and J. F. MorgisoN at-
tended committee meetings and technical ses-
sions of the Radio Manufacturers Association
Annual Spring Meeting, held from April 28
to 30 at Syracuse.

S. E. MILLER is the author of Considerations
in the Design of Centimeter-Wave Radar Re-
ceivers in the April, 1947, Proceedings of the
Institute of Radio Engineers.
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Laboratories is conducting in codperation with
the Long Lines Department on the Atlanta-
Birmingham “A” cable.

F. F. Lucas attended the President’s Confer-
ence on Fire Prevention held at the Depart-
mental Auditorium in Washington.

At THE WASHINGTON MEETING of the Ameri-
can Physical Society, papers presented by
members of the Laboratories were: On the
Dissociation Energy of CO by H. D. Hac-
STRUM; Surface State and Space Charge Lay-
ers in Semi-Conductors by JouN BARDEEN;
Electrical Conductivity of Alkaline Earth Ox-
ides by D. MacNamr and A. H. Wurre; Elec-
trical Conductivity and Thermionic Emission
of Ozxide Coated Cathodes by N. B. HANNAY;
A Survey of the Theory of Bubble Pulsations
by Convers HerrinG and The Positive Ion
Transient in Townsend Discharge Tubes by
R. R. NEwTON.

W. K. Oser observed a demonstration of the
production and utilization of Fiberglas during
a conference of the wire and cable industry at
the Huntingdon, Pa., plant of the Owens-
Corning Fiberglas Corporation.
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June Service Anniversaries of Members of the Laboratories

35 years 25 years P’. S. Olmstead Jacob Jacobsen Chapin Cutler
. H. L. J. Siedentop \i. E. Maloney J. 1. Dowd
Stephen Gasparick . J. Abbenseth D. O. H. Weston H. G. Och M. W. Dring
C.S. Gordon W. C. Babcock M. L. Wilson E. G. Olsen A. C. Ekvall
R. H. Kreider E. C. Blessing J. R. Power R. S. Graham
1. T. Lowe L. I1. Campbell 20 years 1. W. Quinn G. E. Helmke
30 years \V. E. Cantwell W. C. Schmidt R. H. Kendall
R. E. Collis E. 8 ano\'(:lr {{[ui]&] 1l\iltl\i\en }Y.E.Sstlmll\)son ﬁ {4 I\ﬁu11(11relcl'l
0eh P. G. Edwards CA. Blake . L. Stark elen Lordan
B' E 83&%2& J. M. Eglin ]. E. Conwell P.W. SWeE§PH Elsie R}elro)’
L. 1L Germer Il V. A Doughas R L Jombling ey
. W. Flint . M. Doyle s b Yk s
g \\A\// ggc{;fht R. L. Hastings S. L. Eppel Adele Vieta James Paterson
: f George Wascheck  T. C. Rehm
J. B. Johnson A. A. eberlein T. G. Fischer S. D. Whit B. 11. Simons
A. L. Johnsrud f:fogm]m Insley E:I I Fggarty P e B. Stiratelli
R. W. Kin A. G. Jensen Mary Gregory .
L. A. Leat%erman John Maas O. D. Grismore 10 years W. T. Wichman
J. W. Schmied P. E. Mills W. G. Gustafson Robert Beattie
G. B. Thomas E. L. Norton W. M. Hill E. B. Cave

s

R. C. PLatow and D. J. Maccia attended a
meeting in Philadelphia of the A.S.T.M. com-
mittee on adhesives. Mr. Platow is chairman
of this committee.

J. M. Duxnam conferred with engineers of the
James R. Kearney Corporation in St. Louis re-
garding fuses for the M1 carrier system.

R. H. CoLLEy, C. H. Amapon and G. Q.
Lunmspen attended the annual meeting of the
American Wood-Preservers’ Association held
in Portland, Oregon. They also visited offices
of Associated Companies and wood preserving
plants at Spokane, Seattle, San Francisco, Los
Angeles and Denver.

C. D. Hocker attended the meeting of Com-
mittee D-7 on Wood Poles of the A.S.T.M.
held in Chicago.

D. C. Smrt and C. D. Hocker were at Mas-
sachusetts State College, Amherst, Mass., in
connection with the study of squirrel damage
to cable sheath.

F. V. HaskeLL conferred at Camden with en-
gineers of the O & E and the New Jersey Bell
Telephone Company on problems involved in
lashing aerial cable.

THE LaBoraTORIES were represented in inter-
ference proceedings at the Patent Office in
Washington by W. L. Dawsox before the Pri-
mary Examiner.

A. P. Jann recently made an inspection of the
wire specimens undergoing atmospheric cor-
rosion tests for the A.S.T.M. at Bridgeport,
Sandy Hook, State College and Pittsburgh.
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A. G. HaLL visited Hawthorne in connection
with the manufacture of cable containing video
circuits.

J. W. Scamiep and R. Marino were in Chi-
cago during April in connection with interfer-
ence proceedings.

H. S. WERTZ appeared before the Primary Ex-
aminer at the Patent Office relative to an ap-
plication for patent.

L. S. Inskrp with F. R. Arnoldy of AT & T
recently visited Wichita and Denver regarding
a study of station protection in those areas.

P. A. JeannE attended a meeting in Pittsburgh
of the A.LE.E. subcommittee which was de-
voted to power system grounding methods.

E. C. MoLiva spoke on Some Applications of
Probability Theory in Engineering before the
A.LE.E. Basic Science Group in New York.

P. B. DrakEe visited the Taft-Peirce Company
in Woonsocket, Rhode Island, in connection
with newly developed accounting apparatus.

Henry Kostxos completed an exhibit of elec-
tronic tubes at the Edison Institute, Dearborn,
Michigan, at the request of the Michigan Bell
Telephone Company. This addition of about
one hundred tubes to the ones that had been
previously presented by the Bell System makes
this one of the miost complete collections in
the country. Mr. Kostkos met with representa-
tives of the Bell Telephone Company of Can-
ada in Toronto to aid them in planning their
exhibits for the Canadian National Exhibition,
which will be held in Toronto during the
months of August and September.
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C. W. SpENCER gave instructions in adjusting
special equipment at the Taft-Peirce Company
in Woonsocket, R. 1.

R. A. SykEes, at Hawthorne, assisted the West-
ern Electric Company in the preparation of a
motion picture on Crystals.

R. T. StapLes visited the Boston Insulated
Wire and Cable Company regarding various
cable problems.

J. C. StevseErG and G. E. PETERson visited
the University of Michigan at Ann Arbor from
April 28 to May 2 in connection with the vis-
ible speech development program.

G. D. Epwanrbs spoke on the Future of Qual-
ity Control at the annual meeting of the Dela-
ware Quality Control Society held in Wil-
mington on May 1.

R. I. WikinsoN discussed Adventures With
Statistics in the Jungle Air Force, From Fiji to
the Philippines at a Newark meeting of the
Society for Statistical Quality Control.

A. J. Buscm participated in a conference in
Philadelphia on the No. 5 crossbar.

S. King spent three weeks in St. Louis testing
the urban mobile radio telephone installation.

F. F. SieserT made a trip to Cleveland in
connection with design questions on battery
charging motor generator sets.

J. M. Ducuip and V. T. CaLLAHAN went to
Lansing, Michigan, on acceptance tests of new
diesel alternators. They also attended a con-
ference on diesel alternator production and
development problems in Detroit.

J. A. WaTTERs and A. J. PascareLLA reviewed
patching trunk facilities at the Philadelphia
No. 4 Toll Office.

S. A. ScHELKUNOFF was the speaker at a con-
ference of the mathematics research group on
April 2 at Arnold Auditorium, Murray Hill.
His talk was in two parts, the first titled Prac-
tical Applications of Electromagnetic Theory,
and the second, The Wave Perturbation Method
of Solving Linear Differential Equations.

D. P. Linc was the guest pianist during the
noon hour program on March 27 of the Mur-
ray Hill Chorus.

R. J. SHANK has left the Laboratories to accept
a position in the Research Department of the
Hughes Aircraft Corporation. His associates,
who have worked with him on coaxial and
television problems during his entire stay in
the Laboratories, presented Mr. Shank with a
set of tennis rackets on March 28 at a farewell
luncheon in his honor.
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C. T. Boyres, a member of the executive com-
mittee of our Photographic Forum, has been
elected president of the Metropolitan Camera
Club Council. Eighty-one member clubs are
affiliated under the Council, one of whose
duties is the administering of trophies that are
valued at more than $2,000.

Obituaries

ArtHUR C. GARRECHT, May 4

Mr. Garrecht, a former member of Switch-
ing Apparatus Development who retired in
1940 after twenty-nine years of service, began
his career in the Bell System as a die and
tool maker in the Manufacturing Department of
Western Electric. He remained there, advanc-
ing through various tool drafting and tool in-
spection work, until Manufacturing was moved
to Hawthorne. He then joined the machine

H. W. MacDoucaLL
1882-1947

A. C. GARRECHT
1880-1947

switching group at the time when the call dis-
tribution system was being developed. Here
he worked on calling dials and later on appa-
ratus for panel and crossbar dial systems, spe-
cializing in the design of panel drives, gear
train devices and lubrication systems.

Hanny W. MacDoucaLL, May 3

Mr. MacDougall, formerly of the Patent
Staff, retired in 1944 after forty-two years of
service. A native of Chicago, he had joined the
Western Electric Company there and later
came to New York, where he was enguged suc-
cessively in circuit design for manual, toll and
panel systems. Transferring to the Patent De-
partment, he prepared patent applications and
assisted in other patent activities relating to
panel systems until 1929, when he began pat-
ent work on sound picture developments.
From 1937 until his retirement, he did similar
work in connection with automatic telephone
systems. Mr. MacDougall was a member of
the Patent Law Association.
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Over 800,000 New Telephones Added

More than 800,000 new telephones were
added to the Bell System’s network in the first
quarter of 1947, bringing the total in service
to just over 26,500,000. Demand for service,
however, continued at a high level during the
period, keeping the number of unfilled ap-
plications for telephones close to 2,000,000.

In the first three months of the year, Bell
companies connected 1,402,000 telephones.
Disconnections, at the lowest rate since 1926,

Engagements

*Josephine Angelo—V. P. Candio
*Rosemary Jaeger—H. W. Saundry
*Marion Reich—Edmund Wright, II
Joan Ritner—*F. G. Higbie

*Joan Thomas—*arry A. Helm
*Frances Truzzolino—John Kaufmann
*Stella Ulias—Edward Soltysik
*Jeannette Warnetzka—C. G. Renz

Weddings

*Betty Buser—L. B. Boutillette
*Josephine Capozzoli—H. §. Hansen
*Virginia Essenson—Donald Groth
*Mary Jane Fay—J. J. Reynolds
*Helen Ives—Stewart Quick
*Barbara Losey—Richard D. Lewis
*Caroline Meehan—]. C. Jones
*Tean Nally—A. S. Force
*I{elen Powers—]. J. Freeman
*Mildred Swanson—R. E. Mattison
Henrietta Wagg—*R. C. Shaw

*Members of the Laboratories. Notices of engage-
ments and weddings should be given to Mrs. Helen
McLoughlin, Room 803C, 14th St., Extension 296.
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A double quartet
from the Murray Hill
Chorus presented a
noon-hour concert of
folk music on May 7.
They were accom-
panied by Capitola
Dickerson, who also
sang Negro spirit-
uals. Standing, left
to right: R. N. Lar-
son, W. E. Mathews,

Margery  McHale,
Ann Codington,
Phyllis Taylor,

Frances Tracy, F. L.
Crutchfield and Wil-
liam Vierling

totaled 591,000, leaving a net gain of more
than 811,000 telephones in service.

Western Electric Company shipments to
operating companies during the quarter were
approximately or fully equal to the programs:
dial lines, 380,000; manual positions, 1,119;
exchange cable, 10.1 billion conductor feet.

Housing in the Summit Area

M. B. Long addressed a special meeting of
the Summit Chamber of Commerce on April
98. The meeting was called by the Chamber
for the purpose of discussing the city’s need
for additional facilities and improvements to
take care of expanding community growth.
Mr. Long spoke on the subject of housing,
stating that during the past year and a half,
some 600 families of Laboratories people had
moved into the Summit area, but that only a
small fraction of those who desired to live in
Summit itself had been successful in finding
homes. He also indicated that when the new
Murray Hill buildings are completed, the Lab-
oratories’ staff at that location will be in-
creased by more than 1,200 members.

H. E. Hill to Command Reserve Battalion

Lieutenant Colonel Henry E. Hill of Switch-
ing Research has been assigned to the 362nd
Ordnance Battalion, Organized Reserve, Mor-
ristown, according to General Courtney H.
Hodges of the First Army, and has been ap-
proved as the commanding officer of that unit.

Called to active duty in December, 1940,
Colonel Hill served overseas for three years
in the Central Pacific Theater as Executive
Officer and Commander of the 46th Ordnance
Battalion. He returned in December, 1945.
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