curriculum include a thorough grounding in the broad
fundamentals of the sciences and engineering, an in-
tegrated sequence of courses in social, humanistic, and
business studies, and a moderate amount of specializa-
tion along the lines of further developing fundamental
principles in a particular field of specialization. It recom-
mends that some of the more specialized engineering
material now taught in the undergraduate curricula be
transferred to the graduate program, in order to clear
the way in the undergraduate curricula for higher priority
material of a more fundamental nature. It is fully cog-
nizant of the fact that this program will not turn out
experienced and mature engineers, and industry must
therefore assume the burden of training the student
along specialized lines required for the particular in-
dustry.

Rather than extend the duration of the undergradu-
ate engineering curricula,* the committee recommends
concentrating attention upon (1) making a critical
selection of course material; (2) providing a better cor-
relation of material and improving the underlying con-
tinuity of courses in the engineering curriculum; and
(3) improving the effectiveness and efficiency of instruc-
tion methods. '

The committee has strongly emphasized the impor-
tance of providing for a carefully planned and co-ordi-
nated sequence of social-humanistic courses. It is be-
coming increasingly apparent that many of the larger
and more difficult problems facing the engineering pro-
fession today are of a social, economic, or political na-
ture. The engineer must take his full share of responsi-

¢ For a discussion on extension of undergraduate program, see
H. J. Gilkey, “Discussion of SPEE committee report on engineering
education after the war,” Jowur. Eng. Educ., vol. 35, pp. 332-334;
January, 1945. ’

bility in the solution of these problems, or democracy
and the engineering profession will surely suffer. Educa-
tion for democracy is fully as important as education
for a profession. This portion of the educational program
would include a fundamental treatment of (1) the in-
dividual and his environment, including an analysis of
factors contributing to the rise and degeneracy of an-
cient and modern civilizations; (2) the functioning of
social and industrial institutions, including labor and
management problems; (3) economics of our modern
industrial society; (4) an analysis of political systems;
and (§) moral, ethical, and social philosophies.

The issues discussed here are but a few of the more
controversial problems facing the engineering colleges.
Space limitations preclude a discussion of many of the
problems considered at the Sections meetings. Several of
the less controversial issues included the necessity of
improving the selection of students admitted to engi-
neering schools; the need for better mathematical prepa-
ration in the high schools; the desirability of having
students and faculty members alike supplement their
engineering education with experience in industry; and
the need for stimulating research in engineering colleges
as a desirable adjunct to engineering education.

The problems discussed here are, in general, not
amenable to clear-cut decisions based upon tangible
evidence alone, but rather, must necessarily reflect the
combined experiences of industry, educators, and the
engineering profession. A free interchange of ideas is
vitally necessary in order to assure an enlightened view-
point as a basis for intelligent decisions. In the final
analysis, however, the destinies of engineering education
lie in the hands of the individual instructors in the col-
leges; theirs is the privilege and the obligation of assur-
ing American supremacy in engineering education.

Radar in the United States Army”

History and Early Development at the Signal Corps Laboratories,
Fort Monmouth, N, J.

ROGER B.

Summary—The evolution of radar technique is traced and the
radar-development program of the United States Army Signal Corps
at the Signal Corps Laboratories, Fort Monmouth, New Jersey,
described from its inception to America’s entry in the War. Two
radars developed by the Signal Corps Laboratories during this
period, SCR-268 and SCR-270, are described in detail.

INTRODUCTION

ADAR, the chief electronic weapon of the war,

has a much longer history thdn is realized. The
scientific concepts on which radar is based go

* Decimal classification: R561XR090. Original manuscript re-
ceived by the Institute, September 18, 1945. Presented, New York

Section, September 5, 1945,
t Headquarters, Army Air Forces, Washington 25, D, C.

740

Proceedings of the I.R.E.

COLTONY

back to the last century, and the military concept of its
use arose at least 15 years ago. So generally was the
idea appreciated that most of the major belligerents had
radar equipment ready before their entry into the war.
The United States was no exception. Both Army and
Navy had radar ready. On December 7, 1941, the Army
had 580 sets on hand. An Army radar, the SCR-270,
gave warning of the impending attack on Pearl Har-
bor.

The military and naval accomplishments of radar,
before and since that time, are of the first magnitude.
Time and time again, winning a victory has proved
easier because we have had more and better radar than

November, 1945
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our enemies. In critical stages of the war, notably the
battle of Britain and the early naval engagements in the
Pacific, radar has proved to be one of the decisive fac-
tors second only to guns, armor, ships, planes, and the
men who fought the battles.

The value of radar has been no secret to our enemies.
Throughout the war there has existed a technical race
to achieve and maintain radar superiority. While this

race continued, many of the interesting achievements-

could not be described. But sufficient time has passed to
permit disclosure of early work. It is my purpose in this
paper to describe that portion of this early work with
which I am most familiar, namely the radar-develop-
ment program of the United States Army Signal Corps.

THE EvoLUTION OF RADAR TECHNIQUE

Radar’s primary purpose in war is to give knowledge
of enemy activity. It does so by exploring the region of
battle with a directed beam of radio energy, and by
detecting the echoes which arise when the beam en-
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Fig. 1-—Diagram of pulse in transit, showing record on oscilloscope.
Taken from Signal Corps Laboratories 1937 annual report.

counters an enemy target. To detect targets at great
distances, which is necessary to give adequate warning
of their approach, it is necessary to transmit at the
highest possible power and to receive the echoes with
the most sensitive possible receiver.

Radar is, in this respect, one of the most inefficient
devices known to electrical science. Radar transmitters
customarily have peak power output in the tens or
hundreds of kilowatts, and the effectiveness of this
power is increased several hundred times by directive
antennas. But the power received back from a target,
at the maximum range at which the target is detectable,
is measured in micromicrowatts, or roughly a millionth
of a millionth of a millionth of the power transmitted.

It is no wonder, therefore, that radar development
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has demanded the most advanced techniques known to
radio engineers and scientists. But the basic idea is sim-
ple. It depends on five requirements: (1) the production
of a high-power beam of radio energy, capable of being
«moved about in search of targets; (2) the transmission
of short bursts or pulses of energy, with comparatively
long quiet periods between them during which the
echoes may be detected; (3) the reflection of these pulses
by the target; (4) perception of the echoes by a highly
sensitive receiver and cathode-ray indicator; (5) meas-
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Fig. 2—Diagramof pulsein transit, showing reflection at target. Taken
from Signal Corps Laboratories 1937 annual report.

urement of the time between transmission of a pulse
and reception of the echo, to determine thereby the dis-
tance to the target.

Fig. 1 illustrates the first step in sending out a pulse
of energy for the purpose of detecting the target air-
plane. In Fig. 2 the pulse of energy has reached the
target airplane and is being reflected in all directions
from the airplane. Fig. 3 shows the reflected energy ar-
riving back at the position of the radar equipment.

All of these requirements could be met, in some de-
gree, very early in the history of radio science. Hertz
demonstrated in 1885, using 66-centimeter radio waves,
that beams could be formed and that solid objects would
reflect them. Moreover, when the identity between light
and radio waves was established, it became clear that a
radio wave, reflected back on itself, would.create a wave-
interference pattern, and that this pattern would in
itself be evidence of the reflecting object.

This wave-interference detection method, the fore-
runner of the pulse method, was reported by various
groups of workers in widely different applications, in the
early 1920's, both in the United States and abroad.

In the latter 1920’s the pulse method of detection of
the ionosphere was introduced by scientists in this
country.
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intermediate-frequency stages which display a band-
width of about 1 megacycle. The gain up to this point
is about 20,000 times in voltage, or sufficient to reach
the noise level of the input radio-frequency stages.
Thereafter the signal is detected and amplified at video
frequencies.

The receiver output is then conducted to its associ-
ated cathode-ray indicator, where, after further video
amplification, the pulse signal is applied to the vertical
deflection plates of the cathode-ray tube. The cathode-
ray tube and its auxiliary circuits are similar to those
of an ordinary test oscilloscope. The horizontal sweep is
linear with time and occurs at a rate of 4100 sweeps per
second, the rate being established by the sinewave oscil-
lator in the keying unit. In addition, the horizontal
sweeps are displaced slightly left and right in synchro-
nism with the switching of the radio-frequency amplifiers
it the receiver. Thereby two pulses are made to appear
on the cathode-ray tube, one representing the signal
from the left-hand lobe of the array, the other from the
right-hand lobe. The resulting split image is equalized
by the operator in orienting the array. The range indi-
cator does not display a split image, since its function
is to indicate simply the time difference between trans-
mission and reception. The sweep circuit in this case is
delayed by passing the sinewave from the keyer oscil-
lator through a phase shifter. By adjusting the phase
shift, the pulse can be moved across the screen until it
falls under the reference hairline.

It may also be mentioned that the SCR-268 included
a converter for the purpose of changing slant-range and
elevation indications to altitude for use by the gun di-
rector, designed for us by Frankford Arsenal.

In all, the SCR-268 employs 110 vacuum tubes.

I would like to call your attention to the soldier

operators of our developmental models. These soldiers

became expert operators and their commander, First

Lieutenant Cassevant, C.A.C., became an expert radar

engineer. To them we owe much in military design.

RADARS FOR LONG-RANGE WARNING

In 1938, work began on another radar, the SCR-270,
to fulfill the requirement for long-distance warning
against aircraft. By that time, the basic research at the
Signal Corps Laboratories had revealed the means of
accomplishing this objective. To obtain long range, the
highest possible transmitter power and a large antenna,
having high power gain, are required. In the receiver
system, high gain in the antenna and the highest pos-
sible sensitivity are necessary. As further aids to long-
range operation, the pulse energy (pulse amplitude times
pulse length) should be high. This implies long pulse.
Finally, in order to maintain high energy per unit of
time on the cathode-ray tube screen, the spacing be-
tween pulses should be no longer than necessary for
them to have time to travel to and from distant targets.

These requirements led, after many changes, to the
following specifications: the transmitter power is be-
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tween 30 and 100 kilowatts at a carrier frequency of 110
megacycles according to plate voltages used. The pulses
are 15 to 40 microseconds long and transmitted at a rate
of 625 per second. At 625 pulses per second, the interval
between pulses permits detection out to 150 miles.

A single antenna arrav is used for both transmission
and reception. This “duplex” operation permits the use
of a single indicator and one operator. The array con-
sists of 32 half-wave dipoles arranged 8 high and 4
wide, and a reflecting screen or alternately one that is
4 high by 8 wide, mounted on a metal tower.

The array is rotated in azimuth at a rate of about 5
revolutions per minute. The transmitted beam is 28
degrees wide and 11 degrees high between half-power
points (or 11 degrees wide by 28 degrees high for alter-
nate antenna). The beam rotates through its own width
(28 degrees) in about a second, during which time some
625 radio pulses are sent out. Thus every point in
space, surrounding the radar from the horizon to 11 de-
grees above the horizon, is continually “sprayed” with
pulses. Aircraft in this region except for wave-interfer-
ence spaces, and out to a distance of 100 miles or more,
reflect visible echoes. By noting the direction and dis-
tance of particular echoes on successive turns of the
array, the paths of the aircraft can be followed by plot-
ting, at 12-second intervals, the point representing their
position. The angular precision is, of course, poor com-
pared to that of the SCR-268 since no lobe-switching is
employed. But since the function of the radar was to
warn, rather than to direct gun fire, this lack of preci-
sion can be tolerated.

Protection of the receiver is accomplished by the in-
sertion of a spark gap in the receiver transmission line.
This gap breaks down during the transmission of each
pulse and thereby throws a short circuit across the re-
ceiver input. Between pulses, the gap is inactive and the
received signal is passed to the receiver. In a later de-
sign, three such gaps are used to secure a more perfect
short circuit during the transmitted signal. .

In the design of the SCR-270, many improvements
of an engineering nature were introduced. The trans-
mitter consists of but two tubes (these tubes were de-
veloped for us by Westinghouse) operated at between
8000 and 15,000 volts plate potential. These are of the
water-cooled variety and possess sufficient emission to
reach a 350-kilowatt level from a pair of tubes when
series keyed. In the production models, grid modulation
was employed, and a 450TH tube, driven by a similar
tube, served as the modulator. Under these conditions,
30 to 100 kilowatts is obtained from the transmitter.
The receiver has a four-stage intermediate-frequency-
amplifier preceded by an orbital-beam tube radio-fre-
quency amplifier especially developed by RCA. The
final video amplifier, feeding the cathode-ray indicator,
is a beam tetrode. The indicator and range units are
very similar to those of the SCR-268.

The reliable range of the SCR-270 is 120 miles on
bomber aircraft targets, and about 75 miles on fighters.












