
10. National Defense Research Committee

Carlos Stroud

Federal government support for research in optics during the first half of the 1940s was
supervised by the National Defense Research Committee, and in particular following reor-
ganization in December 1942, by Division 16 (Optics and Camouflage) of the NDRC.
Division 16 was headed by George Harrison. The work of this organization in support
of the war effort is nicely documented in a volume titled Applied Physics: Electronics; Optics;

Metallurgy, edited by C. G. Suits and George R. Harrison (Little, Brown and Company,
Boston, 1948). The section on optics, edited by Harrison, describes in some detail the
defense-related optics research that was carried out with support from Division 16. The
contract under which the book was published explicitly placed rights in the public domain
after 1958 so we will excerpt some of the relevant sections to show the role that work in
the Institute played in the war effort.

The division was subdivided into four sections: 16.1—Optical Instruments, 16.3—
Camouflage, 16.4—Infrared, 16.5—Illumination and Vision. (The missing Section 16.2 was
combined with 16.5 early on.) The whole division was directed by a committee whose chief
was George Harrison, and whose members included Brian O’Brien and Fordyce Tuttle
from the Institute. Brian O’Brien also served as deputy chief of Section 16.5 and Wilbur
Rayton served as a member. O’Brien and Tuttle also served on the Committee for
Division 17 (Physics).

Harrison begins by reviewing the situation with respect to conventional optical instru-
mentation:

While Pearl Harbor found the United States poorly prepared in many respects for a major
war, this country did have an adequate set of practical designs for airborne cameras, telescopic
sights, binoculars, and nearly all types of other optical instruments. The efforts of NDRC in
the field were therefore expended largely on ways to improve and speed up production of
existing optical equipment and on methods to utilize that equipment more efficiently.

He points out particular contributions made by the Institute in that area. In particular,
he notes the contributions made to applications and production of triple mirrors.

The military application of triple mirrors to signaling and identification was handled by the
Institute of Optics at the University of Rochester. This group also designed and fabricated
auxiliary equipment involving triple mirrors, and engaged in such specialized studies as the
calculation and application of triple mirrors with an angle intentionally offset to give a
known deviation to the reflected light beam.

These triple mirrors are familiar to generations of students who have scrounged in the attic
of Bausch & Lomb for the past sixty years. Experiments with these retroreflectors are
described in the essay titled “Unusual Labs on River Campus” and elsewhere in this volume.

Harrison also describes work on thin films. 

[T]he bulk of the work in the NDRC thin-film program was done in conjunction with
more extensive projects in the field of optics—principal at the University of Rochester, where
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spectacular work on a laboratory scale was done on various types of films. Outstanding
among the University of Rochester’s achievements was the development of a highly
successful beam-splitting prism, a special requirement for one military instrument, which
reflected one half of an incident light and transmitted the remainder. The use of multiple-
layer filters in the prism by depositing high- and lo-index materials on the hypotenuse faces
of two right-angle prisms was suggested by the Eastman Kodak Company.

In the chapter titled “New Optical Instruments,” Harrison describes the need for
precision theodolites:

The only major weaknesses in American optical equipment were insufficient quantity of
precision theodolites and insufficient quality of phototheodolites. Theodolites were needed
to lay out map reference points and to make possible topographical surveying, and photo-
theodolites to record the course of objects, such as airplanes, weather balloons, and
projectiles, through space. The need for theodolites was particularly urgent, because the
Corps of Engineers, responsible for surveying and mapping in the Army, had always
depended on foreign sources of supply for these instruments. After a study of imported
prototypes, theodolites which gave performances as good or better than Zeiss models were
designed at the University of Rochester and constructed at the W. and L.E. Gurley
Company of Troy, New York.

Of course, binoculars and telescopes were important to the war effort. The Institute
played an important role in this area:

Optical projects related to binoculars and telescopes were assigned to the University of
Rochester from early in 1941 until the closing phases of the war. To facilitate the search
for dimly illuminated objects at night, the Rochester group developed a series of telescopes
which yielded a product of real field (in degrees) and magnification equal to approximately
70, in contrast with a product of 50 in the conventional military instruments. Another
primary requirement for a night telescope was a large exit pupil to take advantage of the
full area of the pupil of a dark-adapted eye. The full pupil diameter of the average observer
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was determined by a series of measurements to be about 7mm., and a 7-mm. exit pupil was
consequently standardized for all instruments intended for night use.

One of the most important night-vision instruments designed by the Rochester group
was a 6�42 binocular for pilots of P-61 night fighters. The Rochester design was improved
and engineered for production by the Eastman Kodak Company. The Air Forces also
wanted a 6�42 telescope, or monocular, for the gunner in P-61 night fighters, and such
an instrument, incorporating a Schmidt-type erecting system, was designed at Rochester,
where several other experimental models of monoculars and binoculars were developed.
The same group was also one of several contractors asked by NDRC to try to improve the
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T-76 three-power and the T-44 five-power tank gun sights, the performances of which were
considered unsatisfactory by the Ordnance Department. Both instruments were successfully
modified, and working models were turned over to the Army.

Holding a pair of binoculars or a telescope steady while flying in a fighter or riding in
a tank is nearly impossible. The Institute of Optics also worked on this problem:

[S]ome type of mechanical holder was necessary for higher-powered, heavier instruments,
particularly under unsteadying conditions aboard ships and in aircraft. Known as
antioscillation mounts, the mechanical holders had to be individually designed to meet
specialized needs for them. The University of Rochester designed such a mount for the six-
power night binocular which they designed for P-61 night-fighter planes. The Rochester
mount was engineered for production by Eastman Kodak, and pilots later reported that the
image of a ground target remained clear and steady, even when they went into a power
dive and fired all four 20-mm. guns at irregular intervals. Another mount, equally
successful, was fabricated for the monocular gun sight on P-61s.

A reflex sight allowed a gunner to see the image of his target superimposed with a
series of concentric circles by reflecting an image of a reticle onto a glass plate inclined to
the gunner’s eye.

Four main types of reflex sights were developed at the University of Rochester. The first,
for fighter aircraft, was a sight in which the optical path between the reticle and lens was
folded twice by plane mirrors in the shape of a figure 4. Two varieties of the sight were
designed, because the Army and Navy each required a special type of reticle pattern. The
second type of Rochester sight became known as the radar reflex sight and its field of view
included the face of a radar screen, and indication from the gyro horizon meter, a reading
from the air-speed indicator, and the usual aiming pattern. Wanted by the Navy for
airborne use, the radar reflex sight was never used, due to a change in plans and tactics.

The third type of Rochester reflex sight was designed for 40-mm. anti-aircraft guns
and included both electrical and daylight illumination for two reticles, one for horizontal
tracking and the other for vertical tracking. A second version of the same sight included
illumination of the reticles by the light given off by radium-activated phosphor surfaces.
While the latter version reached only the laboratory stage of development, substantial
orders were placed for the first version in four modifications, known as the M-21, M-22,
M-23, and M-24. The fourth type of Rochester reflex sight, designed for especially rough
use with mobile 50-mm. machine guns, was mounted on a parallelogram-shaped
mechanism to keep it above the muzzle blast and was illuminated by daylight. It was
standardized by the Army as the M-18 sight.

A particularly clever and important development in the Institute was the invention of
the Icaroscope.

One of the toughest problems faced by antiaircraft gunners was keeping track of enemy
planes which were diving with the full glare of the sun directly behind them. No single filter
was applicable to the problem, because any filter dense enough to eliminate the blinding
effect of the sun would black out the surrounding sky. NDRC made several attempts to
block out the sun’s glare from gun sights, which magnified the blinding effect, and
eventually met with some success. Harvard Observatory tried to do it with a translucent
disk, just large enough to block out the sun’s image, which would keep itself always
between the sun and the eye of the observer. Eastman Kodak tried a similar photoelectrical
and mechanical process which would allow the sun to produce a dense image of itself on
a film which ran through the focal plane of the telescope. All of these devices proved too
slow to do the required job.

The University of Rochester, originally working independently and later under an
NDRC contract, devised a practical antiglare apparatus which made use of an afterglow
phosphor.

An important property of such phosphors is ‘saturation,’ which places a limit on the
amount of brightness which can be obtained by increasing the intensity of the exciting

National Defense Research Committee 51

AJC-02.qxd  21/06/04  10:40 AM  Page 51



52 WAR YEARS: THE 1940S

energy. Thus if two areas of a phosphor excited by visible light were exposed, one to
skylight and the other to direct sunlight, and were then removed to the dark, the
phosphorescent afterglow of the area exposed to the sun would be little, if any brighter than
that exposed only to the sky.

The successful instrument, known as the Icaroscope, was placed in limited production
by the Navy. It weighed only nine pounds and could be either operated in a simple
swivel mount or held by hand. By use of the phosphor, the image of the sun on the
viewing screen was only 20 to 50 times brighter than the image of the surrounding sky,
whereas to the naked eye it was more than 10,000 times brighter, and planes could be
spotted with the instrument at distance greater than 25,000 feet. Near the close of the
war a smaller, lightweight model was completed and turned over to the Navy for future
applications.

Another project that occupied the fourth floor of Bausch & Lomb Hall was the devel-
opment of specialized sun glasses.

To furnish protection against either the glare of direct sunlight or the reflection of bright
sunlight from clouds, water, or desert sands, the University of Rochester and Bausch &
Lomb collaborated in the development of a new type of sun goggles in which a region of
minimum density lay across the center of the field, with the density increasing above and
below the center of the lenses. A technique for evaporating a hard film of nickel-chromium
onto the surface of either clear or tinted glass was perfected to give an almost ideal neutral
density. When tests revealed that having a protective film over the lower half of the lenses
was a disadvantage, because there was usually not enough light in a car or plane to see the
instrument panel clearly through the graded density, new goggles were made up with the
film only on the top half. Substantial numbers of the goggles with graded density above
the center of vision were manufactured for the Air Forces, and a few hundred with over-
all gradation.

Harrison makes clear that at the beginning of the war there was a scientific race to
make use of “invisible” light, i.e., infrared light, for secure communications and night
vision. He writes that “Both the Germans and the Japanese had primitive types of infrared-
imaging equipment at the outset of the war, while Allied scientists had equipment which
was markedly similar. Research staffs on both sides of the front lines were confronted with
the same problem—the perfection of instruments to send and receive infrared light and
make it visible to friendly operators only. . . . American scientists won by a large margin in
their race to become the first to make practical use of infrared light.” The University of
Rochester development of the Metascope was at the forefront of this effort. He goes on to
explain the nature of an infrared-sensitive phosphor and the way it was used in the
Metascope.

An infrared-sensitive phosphor is a material which stores up energy when bombarded by
ultraviolet light, visible light, electrons, X-rays, alpha rays, and other energizing agencies.
The stored energy is normally released very slowly over a long period of time. If, however,
the phosphor in its excited state is subjected to illumination by infrared radiation, the
energy is released much more rapidly and in the form of visible light. This phenomenon is
the basis of the metascopes, which first excite a phosphor surface, and then stimulate it by
infrared radiation to provide a visual image.

Prior to the war the leading research in infrared sensitive phosphors had been carried
out by a small group of Viennese scientists including Franz Urbach. It is described in other
essays in this volume how Urbach fled the Nazi occupation of Austria and ended up
in Rochester just in time to aid the effort to develop the Metascope. Granted an NDRC
contract in 1941, he began work on reproducing the earlier work and encountered diffi-
culties obtaining sufficiently pure samples of the rare materials. Eventually he not only
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reproduced the previous results but discovered a group of calcium-strontium-sulfide phos-
phors activated by europium and samarium. Harrison notes that

The work on the rare-earth-sulfide phosphors resulted in the discovery of an especially
important principle relative to infrared phosphors—infrared sensitization by the interaction of
activators. It was found that the tow activators did not influence the properties of the
phosphor independently, but acted in unison to determine its properties. The dominant
activator determined the emission spectrum of the phosphor, while the auxiliary activator
determined the stimulation spectrum. The discovery opened a large field of investigation, and
application of the activator-interaction principle was the basis for the subsequent success of
the program.

The Rochester group then put this advance to practical use.

Following their successful production of infrared-sensitive phosphors during 1941 and 1942,
the optical staff at the University of Rochester, under an NDRC contract, began
development work on the equipment necessary to utilize the phosphors for infrared
signaling and identification. Between early 1942 and the end of the war the Rochester
group designed and built eleven different models of image-forming infrared receivers,
known as metascopes. All of these receivers employed phosphors and Schmidt-type optical
systems, and six of them were accepted for quantity production by the Army and Navy.
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In typical fashion for such a military project the impact was not as great as it might
have been due to external factors. 

Tests of the sniperscope under simulated night-combat conditions were conducted by the
Army in late 1943, and indicated that the effectiveness of the “seeing eye” would be
considerable, particularly in operations against the Japanese, who made a specialty of after-
dark infiltration tactics. Although quantity production of the instrument was ordered at that
time, the sniperscope became the victim of rather curious security measures, did not see
action in the European theater, and was not employed in the Pacific until the last battle of
the war. Its use by Army ground forces was held up by the fact that the Navy did not wish
to have its own successful use of shipborne infrared equipment endangered by the likelihood
of a sniperscope’s falling into enemy hands.

Several thousand sniperscopes were shipped to the Pacific in time for the Okinawan
campaign, which began on April 1, 1945, or more than a year after the sniperscope had
been perfected. Subsequent reports revealed that 30 per cent of all Japanese casualties in
the early stages of the battle for Okinawa were attributable to the sniperscope and to the
deadly accuracy of the American riflemen, who, for the first time, could see in the dark.

Another item that is familiar to students prowling around in the attic of Bausch &
Lomb for the past fifty years is the fluorescent reflector button. Its use is described:

Since night driving and airfield operations in forward areas were hazardous under blacked-
out conditions, NDRC encouraged the development of methods to make the borders of
roads and runways visible to friendly forces without violating after-dark security measures.
One of the most satisfactory wartime solutions was the design of fluorescent reflector
buttons which upon being irradiated with ultraviolet light, served as easily discernible
roadside markers. The buttons could also be utilized to letter directional signs for night
drivers.

Each reflector button was essentially a Schmidt optical system of solid glass or plastic.
The button was made in two halves, with the back portion, consisting of the spherical
reflecting surface, separated from the focal surface by a solid glass or plastic block. The
front element was an aspherical corrector plate. After the focal surface had been coated
with an ultraviolet phosphor which had a yellow-green emission under ultraviolet
stimulation, the two halves of the button were cemented together. Yellow-green was selected
as being close to the color representing the peak sensitivity of a dark-adapted eye.

. . . Several thousand one-inch reflector buttons were produced and employed in field
tests, together with a few models of larger Schmidt-type fluorescent reflectors, including some
as large as four inches in diameter, which were designed and built by the University of
Rochester.

This is hardly a complete catalogue of the contributions to the war effort made at the
University of Rochester, but it is clear that from the perspective of the chief of Division 16
of the NDRC the contributions were indeed numerous and important. It is particularly
notable that many of these contributions were taken all the way from the posing of the
problem, through an innovative solution, to battlefield utilization in a matter of months.
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