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I. INTRODUCTION

In this repor t we will briefly compare holographic opt ics
to more conventional optics and point out some of the advantages of
using holographic optics in missile guidance systems . We will then
describe the construction of two optical systems that will be used to
demonstrate some of the advantages of holographic optics.

A. Optical Components

Optical components may be classified into the follow-
ing three groups according to the mechanism by wh ich they opera te:

1) Refra ctive Components — This type of componen t uses the fac t
that the direction of a light ray will change according to SnelPs
Law when the ray encounters a change in index of refraction (i.e.,
a change in the speed of light). Conventional lenses and prisms are
examples of this type of device . The operation of the device depends
upon the curvature of the surface and the index of refraction of the
material.

2) Reflective Components — This type of component uses the fact
that light is reflected from a metal surface (or a surface where the
index of refraction changes) at an angle equal to the angle of inci-
dence . Astronomical telescopes and shaving mirrors are examp les of
this type of device . The operation of the device depends upon the
shape of the surface and the optical properties of the surface mater-
ial used.

3) Diffractive Components — This type of component uses the fact
that light exhibits wave properties and , thus , interferes with itself.
Gratings and holograms are examples of diffractive components.

Diffractive components and in particular holograms differ from
other types of optical components in the following ways:

1) The index of refrac tion of the material is not an importan t
factor in component design. Phase holograms produce the diffraction
gratings by modulating the index of refraction but here only the change
in the index (the depth of modulation) is important.

2) The shape of the surface is not a first—order factor in com-
ponent design . This allows conformal optics.

3) There is a large amount of dispersion — independent of com-
ponent material which restricts simple designs to a narrow wavelength
range.

4) Multiple func tions can be combined in one element . For
examp le, waveleng th filtering and focusing elements can be produced
in the same hologram .



5) Fabricat ion of~ a large number of copies is easier . In refrac-
tive or reflec t ive components, rep licat ion techniques are restricted to
only a few materials such as the plastics. Holographic elements can be
replicated by contac t pr inting or embossing which reduces their cost.

6) Computer generation of holographic elements is possible allow-
ing the generation of components that cannot be constructed using re-
flect ive or refractive components.

The optical systems constructed for this report demonstrate some
of the properties previously listed . Lenses were produced on a flat
surface. Wavelength selective mirrors were produced that focus dif-
ferent wavelengths at different spatial locations . Finally,  multip le
copies of holographic lenses were produced by contact printing from a
set of master plates.

B. Holographic Optical Elements

Holography is a me thod of recording a f ield and later
reconstruc ting that field. There are no restrictions on the field
other than it exhibit wave behavior . Thus, acoustic , optical, and
radio frequency holograms have been produced . The rad io frequency
(RF) holograms are better known as synthetic aperture radar images.
Figure 1 schema ticall y shows the recording process for light. During
the construction of a hologram , the interference between a source and
reference wave are recorded by a photosensitive material . In regular
photography , only the source wave (the image produced by a lens) would
be present and the intensity variations of that source wave would be
recorded . In holography, the addition of the reference wave allows us
to record the direction as wel1 as the intensity of the source wave.
We can also eliminate any image produc ing lens that would be required
in normal photography. After any required processing, the resul t ing
hologram is illuminated by a reconstruction wave and a diffracted wave
is produced by the hologram. The diffracted wave approximates the
source wave; differences between the diffracted wave and the original
source wave are due to nonlinearit ies in the photosensi t ive material
and differences between the reconstruction wave and the orig inal ref—
erence wave.

To make a hologram that performs the role of a simple lens, pro-
ceed as shown in Figure 2a. A converging spherical wave is produced
by the lens and interferes with a plane wave at the photosensitive
plate. After developing the plate , the spherical wave can be obtained
by ill uminating the plate with a plane wave at the same angle as used
during the hologram construction.

Note that this simple holographic element does not have rotation-
al symmetry,  i.e., the illuminating beam must approach at an angle with
respect to the plate ’s normal. This off—axis behavior can be an advan-
tage in some sys tems ’ design ; but, where it is a disadvantage , the
addition of a holographic grating (Figure 2b) can produce an on—line
optical system (Figure 2c).

4
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Figure 1. Holography.

Figure 2c also demonstrates that complex optical systems can be
cons truc ted by combining simple holographic elements in much the same
manner as in conventional optical systems.

C. Why Holographic Optics for Missile Guidance Systems?

More and more missile guidance systems are using narrow
wavelength band radiation in the visible and infrared (IR) region of
the spectrum . Holographic optical components operate best when limited
to a narrow wavelength band and offer the following important advantages
over conventional optical systems:

1) Very complex optical systems can be reduced to one or two
holographic lenses. This can provide a weight advantage as well as
increased ruggedness.

2) Computer—generated holograms can produce optical systems we do
not know how to construct using conventional optics. Manufacturing and
engineering costs can also be reduced through the use of computer—
generated holograms.

3) Holographic optical elements can be replicated easily and for
a low cost. The manufacturing costs are reduced because the materials
are inexpensive and the fabrication costs are low, but more importantly,
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Figure 2. Hololens.

the production personnel do not require extensive training .

4) Either reflection or transmission optics can be constructed ,
reducing the dependence on available optical materials.

5) The op tical systems can be made to conform to the shape of the
enclosure. For example , optical elements can be constructed on a sen-
sor window which conforms to the shape of the missile.

D. Applica tions

Several immed iate applicat ions to current missile
systems are apparent:

1) A simple stepwise zoom lens can be configured to perform a
beamr ider— type mission . With only two components, zoom ratios of al—
most any value can be constructed . Because the zoom lens can be con-.
structed to work in reflection , the operational wavelength is uncoup led
from the holographic materials used .

2) A set of wavelength filters that also perform optical functions
can be constructed . The bandwidth of the filters can be controlled as



can their center frequency. These filters would be of use in missile
systems that used wavelength as a discriminant.

3) In present laser designator systems, the aerod ynamic perform-
ance of the missile Is reduced to have a sensor window with minimum
optical aberrations (Figure 3). It should be possible to construct a
holograph ic corrector plate that would correct the optical aberrations
of a sensor window that had good aerodynamic characteristics.

Following the concept f urther , a holographic element could be
used to improve the optical performance of any optical train used in
a missile guidance system . The use of a holographic corrector could
reduce the total cost of an optical system by relaxing the tolerances
on the conventional optical components.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Figure 3. Aerodynamic performance of several
bod ies [Ref . NASA TM—X—64 and NACA (1951)1.

The two demonstration systems discussed in this report were
selected to verify the feas ibili ty of the first two applications.
The last application discussed will be the subject of a later report.
Because the dev ices constructed during this work were simple demon-
stra t ion components , no ray tracing calculations were made to optimize
the design of the components. Codes are available to optimize holo-
graphic optical systems [1, 2) and should be used when constructing
an operational system .
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II. ZOOM LENS DEMONSTRATOR

A. System Design

To generate a zoom lens that utilizes the economy pro-
vided by low cos t replication requires that a mas ter copy of the lens
elements be produced . An operational zoom lens would then be constructed
by making contact prints of each element from the master copy.

The design selected for a demonstrator involved a set of 12
discrete elements (Figure 4).

O— 
SINGLE HOLOGRAPHIC
OPTICAL ELEMENT

1~HOLOGRAM
INDEX MARK

Figure 4. Design selec ted for demons trator
(12 discrete elements).

A 25X variation in focal length , with 12 discre te elements
would require a change of l.34X in linear magnification in each step,
result ing in a magnification error between steps of ±17%. This means
that the mismatch in projected area between steps would be no greater
than 37%. A cross sectional drawing of this zoom is shown in Figure 5.
The mechanical axis of the zoom 1en~ is denoted by AA’in Figure 5, while
the optical axis is denoted by CC’. The plates may be rotated about AA ’
to change the magnification of the system , or individual light sources
may be used to address each lens group . Each lens group consists of
four individual lens elements. Element I collimates the light from
a source H, 17—mm away . Element II uses the collimated light beam ,

8
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now propagat ing  at an ang le wi th  respect  to CC’ in Fi gure 5 , to form an
image on the CC’ axis a distance X from Element II. Element III produces
a collimated beam from the source at a distance (200—X) mm to its left.
The collimated beam from Element III is, as was the case for Element I,
propagating at an angle with respect to CC’. Element IV uses this col-
limated beam to form an image at a distance f.

The maximum value of f was arbitrarily selected to be 1875 mm . To
obtain a zoom ra tio of 25:1 , the minimum value of f must be 75 mm . The
other 10 values of f are obtained by requiring a change of 1.34 between
each value from maximum to minimum . The other focal lengths are found
by the requirement that the image size Is constant. If the input image
height is H, then the height of the output image , F, can be expressed
as

F =  f x H (1)
2 0 0— x  17

With f = 75 mis let x = y and with f = 1875 mm let x = 200 — y. Solving
for y, we obtain y = 166.7 mm . This results in a magnification of 22X ,
i.e. the image height is F 22.06 H. The required focal lengths are
given in Table 1.. Inspection of Table 1 reveals that Element III is
a mirror image of Element II. We can use this fact to reduce the number
of mas ter plates from four to three. Other system parameters were con-
strained by available optical components and mechanical res tric tions
limiting available recording geometrics.

B. Construction of Master Plates

The experimental arrangement is shown schematically in
Figure 6. The beam from the argon laser strikes a polarized beam
splitter Bl which functions as a dielectric mirror with 100% reflectivity.
Upon reflection the beam strikes a 50:50 dielectric beam splitter , B2.
The transmitted signal beam strikes mirro~ Ml, passes through the micro-
scope objective and spatial filter assembly Sl , and is collimated by
Ll (a 5—In , diameter, 24—in , focal length lens). A second lens, L2 ,
(a 178—mm f.l., f/1.9 Super Cinephof Special) produces a converging
spherical beam which is recorded at the hologram . To produce the master
of Element IV, Ll and L2 are removed . The reference beam is reflected
from B2 onto mirror M2 and then reflected through the spatial filter and
collimator assembly onto the hologram at an angle of 35° with respect to
the signal beam . Attenuators Al and A2 are to equalize the intensities
of the two beams at the hologram . The optical distance from B’ to the
hologram is the same over the signal and reference beam paths. A number
of baffles and apertures were strateg ically placed to eliminate stray
reflections and to insure that neither the reference nor signal beams
were larger than 18 mm at the hologram. The baffles and apertures have
been removed for clarity. A granite table and air suspension (automobile9
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TABLE 1. FOCAL LENGTHS OF THE VARIOUS ELEMENTS

Element No.
Exposure
No. I II III IV

1 17 167 33 75
2 17 158 42 100.5

3 17 147 53 135

4 17 135 65 180.5

5 17 121.5 78.5 242

6 17 107 93 324
7 17 93 107 434
8 17 78.5 121.5 581

9 17 65 135 , . 7709
10 17 53 147 1044

11. 17 42 158 1399

12 17 33 167 1875

*Element lengths are given in millimeters.

inner tubes) were used to eliminate vibrations. In addi t ion , heavy
black currents surrounded the experiment to isolate the system from
stray light and air currents.

In constructing master plates , one must keep in mind that the
master will be a mirror image of the final holographic element. When
microfla ts were used as the subst rate , a glass m icroflat was gated with
zylene over the emulsion layer to compensalt for distortions arising
from the beam passing through glass during operation of the copy elements.
The focal lengths In Table 1 had to be corrected for this 6—mm (0.25—in.)
glass pl.at~ which reduced the optical pa th length by 2 mm . For example ,
in making the 1 7—mm focal length element , the source was 13 mm from the
emulsion (i.e., L2 was 191 mm from the emulsion). When using standard
photographic glass plates with a thickness of 0.040 in. this correction
was neglected. In construction of the master plates , attention must
also be paid to the direction of the reference beam . For Master II and
Master III the reference must intercept the emulsion before it crosses
the mechanical axis (AA ’ in Figure 5). For Master I and Master IV the
reference bean must cross the mechanical axis before it intercepts the
emuls ion.

11
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______ i HOLOGRAM PLATE
HOLDER AND ROTATOR

BEAM EXPANDER
AND

SPATIAL FILTER us
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0
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~~~~~~~~~~~~L1 
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SIGNAL~~ 
B2 

__
Bl

Figure 6. Schematic of setup for manufac ture of holographic lenses.
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The mas ter holograph upon recons truc t ion , generates the reference
and signal beams to create the copy hologram . For maximum diffraction
e f f i c i e n c y  in the copy, the master hologram should produce a transmitt ed
and diffra~ ted beam of equal intensity to develop a’~~ximum fringe contrast
during copying . High quality amplitude holograms did not produce cop ies
with  hi gh d i f f r a c t i o n  e f f i c i e n c y  because the transmitted beam intensity
was much larger than the diffracted beam intensity. To produce an
amp litude hologram where the two beams had nearly equal Intensity re-
quired a large amount of overexposure. The resulting high densi ty
masters would require very long copy exposure times. A large number of
bleach techniques were evaluated (bromine , iodine and copper bleaches),
but the scattering noise produced by bleaching (which would be copied)
made this technique unac cep table for producing mas ter plates. It was,
therefore , decided to use dichroma ted gelatin with a 50% diffraction
efficiency for the master plates.

Obtaining 12 holographic lenses, each with 50% diffraction eff i—
ciency , is much more difficult than obtaining a large number of holograms
near 100% efficient. The film does not provide any limit ing near the
phase modulation requ ired for 50% diffrac t ion eff iciency and small
changes in modulation cause large diffraction efficiency changes. Con-
siderable variation in diffraction efficiency was noted in our best
master plates, but it was found that the copies produced were quite
uniform.

Elements I and II are cemented together , emulsion—to—emulsion in
th~ final assembly as are Elements III and IV, This means tha t shifts
in the Bragg angle (the angle the hologram makes with the reconstruction
beam for maximum diffraction efficiency) must be held to a minimum. The
angle shifts are a result of index of refraction and/or emulsion thick-
ness changes during processing. Shifts as high as 100 can occ ur and
are a f unc tion of emulsion thickness , offset angle (angle between the
signal and reference beams), and ammonium dichromate concentration used
to sensitize the emulsion . The following commercial emulsions were
evaluated : Kodak 649F, 131, 120, and Agfa l0E56. It was found that
Kodak 131 emulsion with a 25% ammonium dichromate concentration would
give a Bragg angle shift of only 10 with diffraction efficiencies
approaching 100% when used at a 30° offset angle. Kodak 131 emulsion
was selected for both mas ter and copy plates. The techniques used to
prepare these emulsions and to process them after exposure ar€ found in
another report [3].

From the time an emulsion is sen8itized until the fina.i. copy has
been assembled , the relative humidity around the emulsion must be held
below 40%. Dehumidifiers held the exposure and processing areas below
40% relative humidity. Once master plates were produced , they were
stored over Drierite (anhydrous CaSO

4
). Because of the very high di—

13



chrom at e  concen t ra t ions  used in th i s  work , grea ter  care than norma l
had to he taken to control moisture contact with the emulsion between
sensitization and processing. The technique used was to gate a cover
p l ate over all sensitized emulsions using zylene as the gate material.
By sealing the gate with aluminized tape (the type used in making lan-
tern slides), the gate could be maintained for over 1 hour.

C. Copying

To produce multip le cop ies once the three master plates
were produced , the setup shown in Figure 6 was modified by replacing
82 with a mirror and removing the attenuator Al. The master plate is
gated to the sensitized copy plate , emulsion—to—emulsion with care taken
to ensure tha t the master is clean. Smudges and fingerpr ints on the
back of the master will he copied onto the copy pla~te. The very intense
copy beam produced by the modification of Figure 6 is then used to make
12 short exposures for each copy of a master by position ing the master
so that the copy beam is aligned for optimum reconstruction .

The only stabil ity problems that arise during the copy process are
instabilities produced by the liqu id gate. Due to short exposures and
a rigid mounting scheme , stability was not a problem i n making copies
of the zoom elements. However , in otrier experiments we found two modi-
fications to the copy configuration reduced stability problems . A
mirror can be used Co deflect the copy beam downward all owing gravity
to be used to hold the master’ and copy plates together. A cylindrical
lens can also be inserted in the system before spatial filter S2
(Figure 6) so as to form a narrow band of li, ’~ t across the holographic
plates parallel to the optical axis. This band of light can be moved
across the plates by translating the cylindrical lens. These modifica-
tions worked very well and provided the addi tional benef it of allowing
the exposure to vary across the plate. This exposure method would be
a useful production technique.

In the production of both masters and copies , the use of a backing
plate is advised to reduce scattered light and reflections from the back
surface of the plate. We uniformly overexposed and developed a film
plate to be used as the backing plate. The emulsion side of this plate
was gated to the back of the holographic plate.

III. HOLOGRAPHIC COLOR FILTERS

As was mentioned in Section I, the performance of the holo-
graphic optical element is a strong function of wavelength. This fact
can he used to obtain an optical element that is wavelength selective.

To demonstrate the utilization of a holographic optical element as
a wavelength filter , the optical element shown schematically In
Figure 7 was constructed. The element is to perform as a mirror for

14
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blue and green ligh t and f ocus the blue and green l ight at different
spatial locations. All other wavelengths will be unaffected and pass
through the element. As is denoted in Figure 7, this device is to be
two separate holograms (a blue mirror and a green mirror) sandwiched
t oge the r .

A. F i l t e r  Production

To construct the filter mirror shown in Figure 7, an
experimen tal arrangement shown in Figures 8 and 9 and schematically
in Figure 10 was used . Either a blue or a green wavelength was selected
from the argon laser. This output was split into a reference and signal
beam by the 50:50 beam splitter , B2. The transmitted reference beam
was reflected from mirror Ml into the spatial filter assembly Sl (a
microscope objective and pinhole). The output from Sl was collimated
by Ll and illuminated the front surface of the holographic plate. The
reflected signal beam was reflected by M2 into the spatial filter assem-
bly S2 and the diverging output from S2 illuminated the back surface
of the holographic plate. The signal and reference beam paths were
equalized and baffles were inserted to remove stray light. The fringes
pr oduced by the interference of the two beams in the emulsion are at a
spacing of A/2 through the emulsion where A is the wavelength of the
radiation produced by the laser. To construct the blue mirror , a line
in the blue region of the spectrum was selected from the argon laser
and used to expose a holographic plate whose emulsion was facing the
diverging signal beam. To construct the green mirror a second holo-
graphi c p late was inserted into the system with its emulsion facing
the parallel reference beam and exposed to a line in the green region
of the spectrum. The two resulting holograms were then processed and
assembled as descr ibed in another report [31.

B. Results and Conclusions

Several filter mirrors were constructed and transmission
spectra were obtained on the assembled elements. . There was no attempt
to optimize the mirrors. In fact , the blue mirrors did not exhibit high
diffraction efficiency; this was probably due to an incorrect exposure.
Figure 11 shows the transmission through a blue mirror and a green -
mirror. As can be seen in Figure 11 , each mirror is transparent to
wavelengths other than the construction wavelength; ther?fore, they
can be stacked to form multiple filters. Figure 12 shows two mirrors
constructed by cementing a green and a blue mirror together. Each band
of wavelengths can be made to focus at separate locations providing a
cheap and efficien t means of simultaneously looking at different wave-
lengths.

The wavelength used to construct the filter determines approxi-
mately where the filter will operate. Gelatin preparation and past
exposure processing provides some control over the location of the peak

3
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Figure 10. Schematic of setup for manufacture of holographic mirror.
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Figure 12. Performance of combined filter mirror.

response and the w.i~dth of the filter bandpass. Figure 13 shows a broad-
band green filter. To inc& . .sa- the bandpass and to shift the center
wavelength toward the red, the last two steps in plate processing are
modified in the following way. Before removing the filter from the
100% isopropyl alcohol bath , the gelatin is covered by a glass plate.
This assembly is then placed on a hotplate. After the assembly warms
to near the hotplate temperature (‘169°F), the glass cover plate is
removed causing a rapid drying of the gelatin .

Future efforts will be directed toward developing processing
techniques to allow accurate production of filters with prespecified
bandpass characteristics. The gelatin and the filters constructed did
not exhibit absorption out to 1.5 pm; thus, extention of filter con-
struction into the red will be made by using a dye laser together with
dye sensitized dichromate gelatine plates.
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IV. CONCLUSIONS

The examples of ho lographic optical  elements constructed th
this report demonstrate the feasibility of using holography to solve
some of the op t ica l  desi gn problems associated wi th  missile guidance.
The ability to rep l icate holographic  opt ical  e lements  w i t h o u t  the need
for  h igh ly  t ra ined  technicians is the most appeal ing c h a r a c t e r i s t i c .

-_________________ 
— 

23 

-



REFERENCES

1. L a t t a , John N . ,  “Compute r  Based A n a l y s i s  of Holograph y U s i n g  Ray
T r a c i n g , ” A p p l i e d  Op t i c s , Vol . 10 , 1971 , pp.  2698—2710.

2. La t t a , John N. and F a i r c h i l d , R.  C . ,  “New Developments  in the
Desi gn of Holograp hic Op t i c s , ” Proc. of Seminar on Ap p l i c a t i o n s
of Geomet r ica l  Op t i c s,  (W. J . Smith , e d . )  SPIE , 1973 , pp.  107— 126 .

3. Guenther , B. D. and Leonard , Car l  D . ,  ‘ A Cookbook for  Dich romated
Gela t in  Holograms , ” US Army Miss i l e  Research and Development
Command , Redstone Arsena l , Alabama, 1979 , Technical Report T—79.

24



r~

DISTR I BUTION

No. of No. of
Copies copies

Co ander National Bureau of Standards
US Air Force Avionics Laboratory Airs: Eric G. Johnaon~ Jr.
AiiM : 0. Fees 325 S. Broadway

5. Schoonove r 1 Boulder , Colorado 80302
Dr. E. Champaign 1
Dr. J. Ryles 1 Battelle Columbus Laboratories
Gale Urban 1 Airs: M . Vanderlind
David L. Flsnnery 1 505 Ring Avenue

Wright Patterson Air Force Base , Columbus , Ohio 43201
Ohio 45433

The Institute of Optics
Comeander University of Rocheste r
Airs : APATL/Uft . Charles Warren 1 

~rrs~ Dr. Nicholas George 2
Eglin Air Force Base , Florida 32544 Rochester , New York 14627

Environmental Research Institute of Naval Avionics Facility
Michigan Indianapolis , Indiana 46218

Radar and Optics Division
AiIM: Dr. A. EORPA Harris Corp.

Dr. C. C. Alekaoff 1 ArrN : F. B. Rotz
Jun . Upatnieka P. 0. Box 37
Carl Leonard 10 Melbourne , Florida 32901

P. 0. Box 618
Ann Arbor , Michigan 41807 TAI Corp.

AirS: Robert L. Kurtz
Physics Department 8302 Wbit.sburg Drive , S.E.
University of AJ bama Huntsville. Alabama 35802
ATTN : Dr. 3. G. Castle 1
4701 Univerøity Drive . N .W . Itek Corp.
Huntsville , Alabama 35807 ATTN : .1. K. Vyce

10 Maguire Road
Science and Technology Division Lexington , Massachusetts 02113
In at itute of Defense Analysis
ArrN: Dr. Vincent 3. Corcor sn 1 carn egie Mellon Univers ity
400 Army—Navy Drive ATiM : Dr. David Cassasent
Arl ingto n, Virginia 22202 H er.chag. Hall , Rn 106

Pittsburgh , Pennsylvania 15213
Opt ical Science Consultants
A1TN : Dr. D. L. Fried 1 McDonne ll Douglas Astr onautics
F. 0. Box 388 ATTN : Dav id N. Lam es
Yorba Linda , Californ ia 92686 901 Boise Avenue

Huntington Beach , Californi* 92647
Co and.r
Center for Naval Analyses Westinghouse Electric Corporation
ATIN : Docnment Control 1 AiiM : Gerald B. Br andt
1*01 Wilson Joul ,vard Rsasarch and D.velopnsnt Center
Arlington, Virg inia 22209 Pitt sburgh , Pennsylvania 15235

Raytheon Company Research Depart men t
~T!U: A. V. J elalian 1 Gr,~~~an Aerospace Cor porati on
2$ Io ton Post load A1’IN: K. C . Leib

dudbury , Ma ssachusettes 01776 B.thpage , New York 11714

Information Systems Laboratory Depart ment of Defense
D.par t.snt of Electrical - lngthesring AIIM : Terry Turp in
LYrE : Dr. 3. V . Goodman 2 9800 Savage Road
Stamf ord Univers ity P t. George C. Head . , Maryland 20755
Stanford , California 94305

Electric al Engineering Dept. Teledyne Brown Engineering
Ohio Stats Univer sity AiiM : Mike Scarborough , MS—1 9
AiiM: Dr. Stuart A, Colliea 1 C~~~ings Research Park
1320 Ksan.ar Rd. Huntsville , Alabama 35807
Colmebus , Ohio 43212 -

25



No. of No. of
Copies Copi es

Comeander Coimnander
Defense Documentation Center US Army Picatinny Arsenal 1
AiiM : DDC—TCA 12 Dover , New Jersey 07801
Came ron Station
Alexandria . Virginia 22314 Commander

US Army Harry Diamond Laboratories
Comeander 2800 Powder Mill Road 1
US Army Research Office Melphi , Maryland 20783
AIIM : Dr. F. Lont z 2
P. 0. Box 12211 Commander
Resea rch Triangle Park , US Army Foreign Science and Technology
North Carolina 21709 Canter

ArrN : 5. S. Alcott 1
US Army Research and Standardization Federal Off ice  Building

Group (Europ e) 220 7th Street , HE
AiiM : DRX SN-E—RX , Dr . Alfred K. Nedoluha 2 Charlottesville, Virginia 22901
Box 65
FF0 , New York 09510 Commander

US Army iraining and Doctrin e Comeand 1
US Army Material Development and Fort Monroe , Virginia 2235 1

Readiness Co and
AiiM : Dr. Gordon Bushy 1 Director

Dr. James Bender 1 Ballistic Missile Defense ‘,dvanced
Dr. Edward Sedlak 1 Technology Center

5001 Eisenho wer Avenue AiIM : ATC—D 1
Alexand r ia , Virginia 22333 AIC —O 1

ATC-R 1
Headqu arters ATC—i 1
AIIM : DA (DAMA-AKZ) 2 P. 0. Box 1500
W.shington , 0. C. 20301 Huntsville , Alabama 35808

Dire ctor of Defenee Research and Comeander
Enginee ring US Naval Air Systems Coenand

Engine ering T.chnology Missile Guidance and Control Branch 1
AIIM: Mr . I.. Weisberg 2 Washin gton , D. C. 20360
Washingt on , D. C. 20301

Chi. f of Naval Research Department of
Directo r the Navy
Def ense Advan ced Research Project Washing ton , D. C. 20373 1

Agency 1
1400 Wilson Boulevard Co ander
Arlington , Virg inia 22209 US Naval Air Development Canter

Ws r.inster , Pennsylvania 18974 1
Coemander
US Army Aviation Systems Co and Co ander
12th and Spruce Streets US Naval Ocean Systems Center
St .  Louts , Missouri 63166 1 San Diego , California 92152 1

Director Directo r
US Army Air Mobility Research and Naval Research Labora tory

Development Laboratory AIIM: Dave Ringvolt 1
~~~s Research Center Code 5570 . T. Gta lbo r inzj 1
Noffett Field , California 94035 1 Washi ngton , 0. C. 20390

Cc ander Coemsnder
US Army Electronics Research and Rome Air Devslop.ent Center

Development Co and US Air Force
AIIM : 81511.—CT , Dr. ft . Buser 1 ATTN : James Wa sisleveki , IRRC 1

811.1W—I , Henry 1. Sonntag 1 Criff ias Air Force Base , New York 13440
Fort Nommouth , New Jersey 07703

Comesnder
Director - US Air Force , AFOSR/NE
US Army light Vision Laboratory AIIM: Dr. .1. A. Neff 1
LYFE : John Johnson 1 Building 410
Fort lelvoir , Virginia 22060 lolling Air Force Base

Washington , D. C. 20332

26



No. of
Copies

Coemander
AiIM: APEL 1
Hanscois Air Force Base , Maryland 01731

Hughes Research Laboratories
AIIM: Dr. Authur N. Cheater 1
3011 Malibu Canyon Road
Malibu , California qo265

U.S. Army Engineering iopographic
Laboratories

AiiM : Alphonse C. Elser 1
Ft.  Belvoir , Virginia 22060

Aerodyne Research , Inc .
Bedford Research Park
AT1N: H. J .  Cauifie ld 1
Cros by Drive
Bedford , Ma ssac h uaetta 01 730

Ploaroid Research Laboratories
ATTN : Dr. Step hen A. Benton 2
750 Main Street—LA
Cambridge , Massachusetts 02139

TRW
Defenae and Space Systeea Group
ATIN : Dr. Peter 0. Clark 1
One Space Par k
Redando Beach , California 90278

University of Arizona
ATrN : Dr. James Wyan t 1
Optical Sciences Center
Tucson, Arizonia 85721

DRCFPf.-PE 1
—FE—I. John Pettitt 1

DR1WI—LP , Mr. Voigt 1

01811 -1, Mr. McKinley 1
—T , Dr. Xob’~er 1

James Pagan 1
—C 1
—I , Dy. J .  P. Holloves , Jr.
—ID 1
—TW , V. C. Pittman 1

H. L . Bates 1
N. L. Pra tt 1
Bob Mitchell 1

-IG , J.  A. McLean 1
-YE, Dr. 1. 1.. Kart.an 1

Dr. J , S. Bennett 1
Dr. C. ft. Christensen 1r Dr. B. D. Guenther 20
Dr. J .  L. Smith 1
Dr. J.  D. Stett ler

—TED 20
—TED 3
—TI (Record Copy ) 1

(Reference Set) 1

27


