
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD513812

UNCLASSIFIED

CONFIDENTIAL

Approved for public release; distribution is
unlimited.

Distribution authorized to DoD only;
Administrative/Operational Use; JAN 1971. Other
requests shall be referred to Office of Naval
Research Lab., Washington, DC.

ONR ltr 18 Jul 1972 ; ONR ltr 18 Jul 1972



—— 
  '■■"». '  • III 

1 

SECURITY 
MARKING 

The classified or limited status of this report applies 
to each page, unless otherwise marked. 
Separate page printouts MUST be marked accordingly. 

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF 
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS. TITLE 18, 
U.S.C., SECTIONS 793 AND 794.  THE TRANSMISSION OR THE REVELATION OF 
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY 
LAW. 

NOTICE: When government o 
data are used for any purp 
nltely related government 
thereby incurs no responsi 
the fact that the Governme 
way supplied the said draw 
to be regarded by implicat 
the holder or any other pe 
or permission to manufactu 
may in any way be related 

r other drawings, specifications or other 
ose other than in connection with a defi- 
procurement operation, the U.S. Government 
bility, nor any obligation whatsoever; and 
nt may have formulated, furnished, or In any 
ings, specifications, or other data Is not 
ion or otherwise as in any manner licensing 
rson or corporation, or conveying any rights 
re, use or sell any patented invention that 
thereto. 

• 

--,-— 

--fc  i I^II — » 



^^M^MOT ■   -" 

CONFIDENTIAL 
REPORT NO. 5406 
COPY NO. ir 

C* 

00 
00 

Q 

INTERIM TECHNICAL REPORT |U| 

January 1971 

Research Sponsored By: 

Office of Naval Research 
Washington. D.C. 

Contract NOW 14-68C-0338 
NR 261-170/6 25 70(4661 

■mm m 

m . 

GROUP   3 
DOWNGRADED AT 13 YEAR INTERVALS, 
NOT AUTOMATICALLY DECLASSIFIED 

The Bendix Corporation 
Research Laboratories 

Southfield, Michigan 48075 

In addition to Mcwrity raquiramant« whieh ae&y to tW» docyinont 
«id muM bo mot, oodi tranmHtal oultido tfio Doportmont of 
OofOMO (INIft MVO pflOf oppfovol of oodo 4So, ONR. 

Ropraduotion in wfiolo or in pwt it porwlttod for any 
tho Unitod StatM Govornmanl. 

CONFIDENTIAL 

 ■   ■ 



».—  „_ 

/ 

. 

CLASSIFICATION GUIDE 

Pag« 1-2 Is classified CONFIDENTIAL - 
Group 3* 

All other pages are UNCLASSIFIED. 
. —i 

. 

Li 

u 
U 

..... .^-_-  



—,  

0 

—     

CONFIDENTIAL 
1 

Report Nu. 5406 

. 

INTERIM TECHNICAL REPORT (Uj 

Jjnujry 1971 

Research Sponsored By: 

Office of Navdl Research 
Washington, DC. 

Contract NOOO 14-68 C 0338 
NR 261 170 6 25 70(466) 

The Bendix Corporation 
Research Laboratories 

Southfield, Michigan 48075 . 

In addition to Mcurity rsquiramenti which apply K, thit documant 
and mutt b« mat, aaeh trantmittai outwd» t»y: Oapartmant of 
Dafanw muft hava prior approval o» coda 466 0«(R. 

CONFIDENTIAL 
J 



1 

11 
ü 

Ifl 
D 
ü 

TAJJLt OF CONTENTS 

P.je 

ABSTRACT 

INTRODUCTION 

SECTION   1 - UNDERWATER VIEWING  SYSTEM 1-1 

1.1 ACOUSTIC  PROJEaOK 1-1 
1.2 RECEIVING ARRAY 1-3 
1.3 PROCESSING ELECTRONICS AND  SYSTEM OPERATION 1-3 

SECTION   2  -  HOLOGRAM RECONSTRUCTIONS 2-1 

SECTION   3  -  SYNTHETIC APERTURF ANALYSIS 3-1 

SECTION   4 -  COHERENT  LIGHT AREA MODULATOR 4-1 

,  ii—■  in ,MMMMMMMMBg|jg 



I 'I'11    ■      ■ 1 —''       ' " - —"— ~——■ —     ' ' 

/r 

- 

1 

Figure 1-1 

Figure 1-2 

Figure 1-3 

Figure 2-1 
(a) 
(b) 

Figure 2-2 

Figure 2-J 

Figure 2-4 

Figure 2-3 

Figure 2-6 

Figure 3-1 

FIGURE  CAPTIONS 

Bludc diagram of  underwater viewing system. 

Radiation pattern of acoustic projector. 

Detectability pattern of   receive array. 

Hologram  reconstruction method A 
Hologram  reconstruction method  B 

Reconstruction of  a  3-disc  target 

Reconstruction of  a   3-disc   target   - ÜC  removed. 

Determination of   ^ngle  8  i.t which  first  lobe of 
array  appears. 

Magnified  reconstructed  image  cf   3-disc  target 
(from Fig.   2-3) 

Experimental  arrangement   to  record  hologram of 
3-dlsc   target 

Source  and  receive arrays  configuration 

Page 

1-2 

1-4 

1-5 

2-2 
2-2 

2-3 

2-3 

2-5 

2-5 

2-7 

3-3 

111 

-   ■          -- MM 



■ ■ ' "—'     >™—"-"■•"-« 

/-- 

ABSTRACT 

. 

A summary of ehe work accomplished during calender 1970 Is presented 
In chls report. Accomplishments Include completion of the design and 
construction of the experimental underwater viewing system and initial 
experiments to evaluate its performance.  Demonstrations of the system 
were made for ONR, Naval Ships, and NUWC personnel.  Progress in the 
development of the cohetent light area modulator, to be used for recon- 
struction of acoustic holograms, is also reported. 
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INTRODUCTION 

A feasibility study and prototype System development for underwater 
viewing based or. acoustic holographic principles was initiated at Bendix 
Research Laboratories in 1%8 under Contract ^00014^-68-0338.     The 
objective was to ntudy variour   receiving array configurations and con- 
struct a modular prototype system to evaluate the capabilities of holo- 
graphic  concepts.     In parallel,   the development of  a system for  real-time 
optical  reconstruction of  sampled holograms was initiated. 

This  report presents a summary of   the activities during calender 
year  1970.     Accomplishments include completion of the design and  con- 
struction of  the  underwater viewing system  (consisting of  acoustic 
projector,   receiving array,  and processing electronics),  preliminary 
testing of   tv.e  system including  reconstruction of  the acoustic holograms, 
synthetic  aperture analysis,  and progress  in the development of  the  real- 
time  reconstruction system.     These activities are discussed  in the following 
sections. 
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SECTION  1 

UNDERWATER VIEWING SYSTEM 

The design and assembly of  the underwater viewing  system was  completed 
in June,  197Ü.     The system consists of  an acoustic  projector  and a  20 x 20 
piezoelectric detector  array with individual  signal processing channels for 
each element  to generate   the holographic  data at  that  point.    A simplified 
block, diagram is shown  in Fig.   1-1. 

The underwater viewing system was demonstrated  in July,   1970 for 
representatives of  the Department of Naval Research,  Naval  Ships,  and 
NUWC.     This  demonstration employed  a three-disc  target  as well  as an 
active  target.     Additional testlr.g of  the viewing system was performed 
at bendix,  Electrodynamics Division,  by bendix and NUWC personnel;  and 
data was gathered  for  reconstruction purposes. 

After  several months   of  operatijn,   the  system performance was  some- 
what degraded due  to  the   failure of  connectors  associated with the  tventv 
signal  processing boards.     These  connectors  are  presently being replaced 
with high  reliability military  type  connectors  and  should no  longer 
present  a problem. 

An operations handbook containing a detailed  system description and 
schematics was prepared   and  submitted  to  the Department   of  Naval   Research 
for approval  in November,   1970.     This  handbook  Is  presently being finalized 
for publication. 

A brief description of  the  design and  operation of  the underwater 
viewing system is given below. 

1.1    ACOUSTIC  PROJECTOR 

The acoustic projector   (transmitter)   consists  of  a  small spherical 
shell  of piezoelectric  ceramic vibrating in a radiated mode.     The spherical 
configuration was  chosen  to give the maximum transmitting surface area and 
radiation resistance.     The high  radiation resistance and relatively  low 
stiffness of  the shell  give a  low mechanical "Q" which  in turn gives  good 
bandwidth,  good  transient  response,  and for  the  case of  project arrays, 
easier equalization of   the projector elements  response. 
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The piezoelectric material is a barium titanate composition, CH300. 
It has a high sound velocity; thus the resonant sphere has a large enough 
diameter so that it can be manufactured without special tooling and high 
cost.    In this particular application, a mechanical "Q" of 6 has been 
realized with maximum power limited by cavitatlon (5 Watts in the pulsed 
mode). 

The uniaxial radiation pattern for a single sphere is shown in 
Fig.  1-2. 

1.2    RECEIVING ARRAY 

The receiver is composed of 400 transducer slugs mounted to form a 
20 x 20 planar square array in an acoustically soft baffle.    The housing 
in back of the array contains the electronic boards that process the 
holograph!: signal. 

Early in the program, it was realized that uniformity of element 
response  (amplitude and phase)  is of considerable importance.    For this 
reason,  6-8 db of sensitivity was sacrificed so that nonresonant elements 
could be used.     The detector elements chosen for this design are of lead 
zirconium titanate ceramic (Gulton G1512) with a resonant frequency 
slightly above  the operating frequency. 

It was considered  important to provide a good acoustic baffle for 
each detector element,  so that each would remain as close to an Isotropie 
radiator as possible,  and a lead-corprene baffled system was finally 
chosen.    The diameter of each element was made close to a wavelength, for 
high sensitivity,  and  they were spaced 1.5 wavelengths apart  to provide 
a viewing angle of approximately 40°.    Their sensitivity at the operating 
frequency was better than -105 db ref IV/ybar.    The measured detectability 
pattern  (equivalent to the radiation pattern)  of the array Is plotted in 
Fig,   1-3.     It is observed that the acoustic response is constant within 
3 db over the designed  field of view. 

X 
t) 

1,3    PROCESSING ELECTRONICS AND SYSTEM OPERATION 

The design and a detailed description of the electronics  required to 
process  the received holographic information is given in the Operations 
Handbook presently being prepared for publication and will not be repeated 
here.    A brief description of the system operation is presented below. 
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Figure 1-2 - Radiation pattern of acoustic projector 
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The signal Is received  from each linear element of an acoustic array, 
mixed with a reference signal,  averaged (Integrated)   for a predetermined 
length of time,  and finally stored as a constant   (D.C.)   level.    This con- 
stant  level, proportional to both the amplitude and the cosine of the 
phase of the detected signal,  represents the local holographic information 
which, when displayed  for all  points, makes up  a complete hologram. 

The reference signal, when considered for all points of the receive 
array, simulates a plane wave whose angle of Incidence with the array is 
variable.    This inclined reference plane wave is simulated using several 
reference signals applied to different parts of  the array, each of which 
is shifted in phase from the prev.'ous signal by a fixed amount.    During 
the Receive mode of operation,  each column of signal processing channels 
receives a reference signal that is incremented in phase with respect to 
the previous column.    Thus  the reference plane wave is  simulated, with an 
apparent angle of incidence determined by the phase increment between 
adjacent columns. 

The sequence  of events   for a single system cycle  is  initiated by 
depressing  the SINGLE TRANSMIT button.     This  triggers   the transmit 
multivibrator which gates the drive signal to the transmitter.    The 
range multivibrator, which provides a system delay equal to the two-way 
propagation of  the transmitted wavefront,  is also triggered at this  time. 

After the range delay,   the system goes  into a receive mode.     In this 
mode,   the simulated reference  is gated to the signal processing circuitry 
where it is multiplied with  the incoming signal.     For each element,  the 
product of this multiplication is  Integrated and stored as a D.C.   level. 

The receive mode  is  followed by a display mode,   during which  the 
system sequentially samples   the stored D.C.   levels  and displays  the 
information lr  the  form of  a dot matrix on a  cathode  ray  tube.     Through 
the  use of a common clock,   the  readout address  and the  display address 
are  synchronized  to ensure  that  the CRT display has  the  same X-Y 
address  as  the  Information being sampled.     The  intensity of each dot 
corresponds  to  the value of   the sampled D.C.   level;   since each D.C. 
level  is proportional  to the   local holographic  information,  the display 
of  the 400 D.C.   levels  is  the  desired hologram. 

1-6 

L 
L 
Ü 

:. 

Ö 

L 

L 

D 
D 

.. 

0 
: 

i 
i 

— -...,-...        , i   IJMIM<,,,M,MaMMMMMMMI 



IPi^.L*w>-—"- 

u 
Q 

„ 

, ,- 

SECTION 2 

HOLOGRAM RECONSTRUCTIONS 

Hoiogra .    in the form of photographs of  the Interference pattern on 
the CRT dlst lay unit were taken under the conditions  described in the 
above section and reconstructed.     Two setups used to carry out the recon- 
structions  are shown in Fig.   2-1.     In Fig.  2-l(a),  the  reconstruction is 
carried out directly by  the coherent illumination of  the hologram obtained 
by photographing the display.     Because the dimensions of  these holograms 
are very  large,  the reconstructed image is very  small and a microscope 
was used  to obtain the necessary magnification.    An alternative procedure 
was  subsequently used, because   (a)   the microscope optics  tends to introduce 
a relatively large number of  reflecting surfaces  and   (b)   the angle between 
the d.c.   and image beams is very small because of  the large hclogram size. 
This approach, shown in Fig.   2-1(b),  involves reproduction of  a demagnlfied 
hologram by photographic means so  that the d.c.   and  image  information can 
more  readily be separated.     In addition,  the   (reduced)  magnification 
necessary was achieved by using a long path,  in order to avoid the use of 
a microscope. 

A low-magnification example  of  the reconstruction obtained as in 
Fig.   2-1(b)  is shown in Fig.   2-2.     In the center of  the photograph,  the 
bright zero-order light  can be seen;  this consists of a d.c.   spot and a 
convolution term, both of which are out of focus at the plane in which 
the image  information is in focus.    A similar reconstruction is shown in 
Fig.   2-3  In which most of  the  zero-order light was removed by a central 
stop.     The zero-order position is  denoted by a cross.     At a distance of 
36 mm to both the right and  left of  the zero-order light  is a repeat of 
the zero-order pattern at lower intensity  ;  the repetition is due to the 
discrete nature of  the underwater array.    In the present case,  the 
repetition serves a useful purpose since it directly gives  the scale of 
the  reconstruction.    The dimensions of the array are known,  and thus 
the angular position of its  first  lobe; hence,   the angular position in 
the experimental setup corresp ending to any point in the  reconstruction 
is  immediately known.    The element separation in the array is  3X/2 and 
the  angle 9 of the first lobe of   the array is therefore   (see Fig.  2-4) 
given by 

r 

Other,  even weaker,  repetitions  are visible above and below the zero- 
order position, especially in Fig.  2-2. 
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The distance in the tank, between object and array was 39" and thus the 
scale relationahlp between distances In Fig. 2-3 and distances In the 
object plane In the tank Is 

3.6 cm In photo - 59 x (tano) In. in object plane 

1 x 59 x 2   , , - i 
I.e., 1 cm z  r-r      T ■ 1 •♦. 5 in. 

J.O J 

I'ha object which was   to be detected  consisted  of   three  discs which were 
3"   in diameter  and  placed with  their  centers  9"  apart along a horizontal 
Hue.    The overall  separation of  the centers  of   18"  is equivalent  to 
12.4 mm In the  photographs shown in Figs.   2-2  and 2-3.     With the  expected 
resolution of   the  array   (discussed below),   the discs are expected  to 
appear  to be  about   5"  diameter   (    3.5 mm).     The  expected scale of  the 
Image of   the  three  discs  is shown  in  the  inset  of  Figs.   2-2  and  2-3. 

In the underwater experiment,   the  object was more or less on the 
axis  of  the array  In  the horizontal direct lot;  ard Kas  raised and  lowered 
to give  Interference  fringes on  the CRT display,   the fringes  oriented  at 
roughly U5    to  the array sides  in  the hologram.     These  fringes  are  due   to 
Interference between the internal reference and the object wave,  and  is 
reconstructed as  the bright spot which appears on Fig.   2-3 about   11 mm. 
away  from  (above  and  to  the right of)   the  central zero-order position 
(the  cross).     Because of  the changes on  the  fringes obtained by moving 
the  three-disc  object bodily In the tank,   this  is clearly one of   the 
discs.     The apparent  angle between  the axis of  the array and the  refer- 
ence  for this experiment is tan~^(l/6)  '■' 9V .     This  is equivalent  to  a 
distance of ^7 mm in Fig.  2-3 and  thus we  expect  the  image of  the  central 
disc to be around   7 mm to the  right  of   the  cross.    Thus,  since  the bright 
disc  Is  further  from the cross  than this,   it  is  interpreted as  the  outer 
of the  three discs.     The three discs  are   represented by dotted  lines  on 
Fig.   2-5,  an enlargement of  the  image   information in Fig.   2-3. 

Some of the other spots could perhaps be interpreted as diffraction 
from the central disc. However, they can be equally readily Interpreted 
a:: "speckle"  from the  laser.    The reason why  the other two  discs  do not 
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glv« a specular return like chat fron one of the outer ones la fairly ob- 
vious when we examine Fig.   2-6, drawn to scale.    Vhen the object la aet 
so that one disc gives a specular return,   the specular returns  from the 
other  two discs are incident on the array. 

The resolution expected for this experiment is very close to that 
observed experimentally, and shown in Fig. 2-5. The aperture function 
(MTF)   for a square array is,  in one of  the dimensions. 

sin  (ira/X sinQ 
(Ta/X)  sin? 

i 

where a is the array side (18 cm) and | is the incident angle from the 
center.  This function falls to 1/e when (Tta/X) sin \ v/2.     In the 
present experiment a/A - 30 and thus $  - sin"1(1/60) is the theoretical 
angular resolution. At an object distance of 60" this represents an 
apparent widening of the object by 1" each side.  Thus, we expect the 
Image of the disc to be approximately 5" in diameter and only slightly 
distorted In shape.  Such a disc Is shown in Fig. 2-5 as the larger of 
the two concentric dotted circles.  The observed resolution is seen to 
be very close to the theoretical resolution. 
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SECTIOH  3 

SYOTHETIC  APERTLkt  ANALYSIS 

/ 

Several workers have shown  Chat essentially equivalent  holograms are 
obtained  if  the  receiving element  is  scanned and  the  transmitting one  is 
stationary  or  vice versa.     A scanned  system assumes,   of   course,   that  the 
target   is quasi-stationary so  that a phase  instability  of  no more  than 
JT/A  occurs  during a scanning  period. 

The  aperture  area could be  scanned  by  a single   transducer;   alter- 
natively,   it   could be  composed  of   a transducer  array wnich  can be 
operated   in parallel   (if   identical electronic  processing  channels   are 
provided for each transducer)  or   in sequence  (11   the  target  is stationary). 
High   resolution  image  capability   requires  large  apertures  and  thus  a 
large  number  of  elements.     Scanning a   large area In sequence  is  time- 
consuming  and   the  requirement   of   stability  does not   always   permit   it.    A 
compromise  can be   reached  in which  a  relatively  small   array   Is  operated 
in  parallel  and  then scanned   in   its  entirety.     However,   since  it   is 
seldom  physically  possible  to  displace  a  large  array  rapidly  and  accurately, 
we   can  consider  displacing  the   transmitter an equal   distance   to   the 
detection  aperture. 

Consider   the  duality of   these  alternatives.     Let  an object   f(u,v)  be 
located  at  a distance D  from the   receiving array whose  coordinates  are 
(x,y).     Let  the source be  located   in  the  same  plane but  at   a point 
(XQ^Q),   also  a distance  Ü from  the object.     The signal   g(x,y)   scattered 
from  the  oblect   f(u,v)   is: 

gU.y) 
-    (u-x0)2 -   (v-y0)2     f(utv)  ei ^     (x-u)2 +   (v-v)2    ^  dV| (1) 

Rearranging  terms yields 

g(x,y) 
-22 22 2-r       2    7 

1 —  (xNy    + x0N-Vo  )  ,,       ,     i   -   (uN-v  ) e     'D o      o      f(utv)  e     XD (2) 

-1  —    u(x0+x)  +  v(y+y0) e       \D du dv 
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One can easily see that scanning either  Che  receiver  (x,y)  or  the  trans- 
mitter  (x0,y0) will provide identical results since the integrand is 
symmetric in both X.XQ and y,yo. 

Let us now investigate the case when  the scanning is split between 
both transmitter and receiver (Fig.   3-1).     Let the transmit array be 
composed of 5 x 3 elements located in the center of  the coordinates: 

x0 - mA 

y0 -  mA 
with 

m 

m 
- -2,  -1.  0,   1.   2 

while the receive array  Is off axis with a spacing d between  two con- 
secutive rows or columns of detectors. 

x - nd 

y - -L + nd 
- -10,  -9,   ...  8,  9,  10 

and L is the offset of the center of the receive array from the center 
of the transmit array.  If we were to use conventional scanning, we 
would have to scan only one of the elements; let us choose the source. 
A measure of comparison would be to determine how close the split- 
scanning arrangement comes to the single scanned element for which 

x0 = mA + nd 

y0 = mA + nd 
and 

x = 0 

y = -L 

where m,  m,  n and n are as defined earlier.     The phase term in the 
Integrand will determine  the similarity of   the  two approaches.     Thus 
the phase difference  $  is given by 
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which, upon ~eduction, becomes 

0 ~ • 2d.A (nm + Oiii) + 2ndL. 
n 

We thus ee that within each " ox" corresponding to a given activiated 
element ,iii) of the transmit array, there is a corr ction to be added 
to the phase which is range dependent and linear in n,n. This orrection 
could be introduced during the recording of the hologram or durlng the 
reconstruction process. 

Ca _ful analysis of expression (4) indicae s that: 

• The slope of the linear function ~ depends on the position 
of the source given by (m,~). Thus , the constant lines are 
horizontal for al points along the y axis (n=O), and 
vertical for all points along the x axis (fi=O). Along the 
diagonal elements (n•n) the lines run at an inclination of 
45° . 

• The phase chang~s more api~ y for points distanced further 
a~ay from the origin. 

Expression ( 1;) reminds one of a zone plate, ., differences being 
that the z nes re llnearized, and there is a lacK of phase continuity 
when crossing the bos limits. For instance, at a crqssing along a line 
parallel to the y axis, nand mare ~onstant but m c ~ anges by unit 
while o changes from +10 to -10. 

If we choose to make the correction f or this effe t in the recording 
process, the electronic programming for the reference ~earn should allow 
the choice of various phase rates along the scanned coordinate. We do 
not anticipate the need to quantize the phase anymore th ·5° (-rr/ 4). 
On the other hand, if we compll terize the electronic reconstruction 
system, the linear nonuniform phase correction can be introduced e ter­
nally. An ana og correction for these phase changes is also possJ le, 
i.e., by having a correction filter, composed of linear fringes of proper 
spaeing and orientation or a 5 x 5 set of prisms, in contact and registra­
tion with the hologram . 
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The system in operation will require the activation of the source 
transducers In sequence. A full holographic recording is performed 
after each source activation. Thus, by the time that all the elements 
are activated, the complete 10'* sampled points In the aperture plane 
have been detected and displayed. 

The recelve-transmlt array combination represents a nontrlvial 
extension of synthetic aperture technology. The analysis performed 
makes it possible to predict and account for the position dependent 
phase corrections that are necessary for exact aperture synthesis. 
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SE no: 

COHERE •. 'T LlGH ARLA. MODV LATOR 

ln t l. c: pas t yt!ar , large a vane~:; tavt:! bet:!n made toward the goal of 
braining real-time re onstructions r om ultrasonic holograms . A number 

of approaches have been examin~d but th use of d ut rated KH2P04 (DKDP) 
to electro- op tically modular.~ oher nt li h is t h most promisin and 
haB received the most effort In this approach, li ht is tran mi ted 
t hrough a t h in (0 . 5 t::m) DKDP rystal an phas - modul ar d with holographic 
information placed on the ry ta l in t he form of a charge patt rn. Mos t 
of the work with ch~ DKDP dlspla) t b hd been o two ty?ces: 

(1) Demons tra tin t h t t o: r q i rt:! d re solu tion (both a 
c rys tal and in the ima •t:!), on tras t, and sp t:!d can 

chieved ; and ob tainin c tual r econstru ted images. 

(2) Increasln the rt!l . ility nd exp c ted lif of th 
dt:!vice . 

ln t he tirst rea o cti •i cy , 11 or t he goals have ben reaUzed. 
A resolution on t he cryst 1 ot ov r 70 lin•s has be n d monstrat d f or 
crystals near t he Curi~ temperature (100 lines r qui r d, 200 lin s goal) . 
; te su rem~nts o t he c r.~pt?ra t ur d p nd ·nee of t h rystal resoluti on show 
th t well ove r 0 lines could be re solve at T-Tc = 1 C if a high r 
res olu tion electron gun was -.~sed . Even with room temp rature operation, 
100-l' e resolution can be achiev d . 

In earlier wo rk, the quality in the image was s v rely limit d by 
the flatne s o f the DKDP crys tal. However, cr ys tals that ar 1 ss than 
/2 f r om flat have subsequen t ly been ob tained. Aperture-limited image 

quality can be achieved in the transmi tt ~d-light od with moun ting 
cement having the proper i ndex of re frac t ion . Ope~a tion with re flected 
light (which has sevet : advantages ) "'·auld require flatter cr ys ta b 
(~ /8) fo r aperture-l1rnited image quality . 

The con tra t between re construc ted i ages and the background noise 
is frequently poor in t he case of ultrasonic holograms and ca refu l 
filte ring is of ten needed. Almost al l of the background is scattered 
DC o r zero-order light. It has been demonstrated both theoretically and 
expe r imentally that, with t he P-type el ctro-optical modula ion, it is 
pas ible to aut omatically filte r ou t ~os t of the DC light while passing 
almost all t he i mage light . This is not possible with any of the other 
methods of real t i me holographic display t at have been proposed. 
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The speed of thE: isplay tu e is primari y determine b th current 
in the electron beam. Measurements have determined that a beam current 
of 2~A is require for real ti~e op ration at l rames/s c. ~~)ile this 
can easily be achieve with a n~w electron-gun atho e, t , ere are out­
gassing and dissociation prod cts from the DKDP assembly whi h ·a se it 
to decrease its emission. Consequt::ntly, a th o li e is a one rn and 
ill be iscus t::d later. Actual real-time operat-ion ha::. not yet bc::en 

demon~tr ted because o tht: lim tation::. of th~ vailabl el ctroni :s. 
The design and construe n oi new ele troni which will p rmit r~ 1 
tl operation ar~ il pro res~. 

Actual holographi-. re omar c tions have been sue tain d 
with the display tube. Several type::. ot holo rams hdv d, ~odth 

comput~r generated binary holo rams produt:in th b s r r ult·. Thi is 
prlmarily becau t.: ' <.a::nera Yas t:Sc to cotWt!t t th l olo raplli in1 or­
mation on a photo raphic print: lO o:: cL tri al si •nal::. "hf ch con tr 1 th 
electron gun . he scn;;.itivity oi t c:: c mera v rit:'S t le t. 07. ov th 
Held of vi~w so t the reconstructions !rom holo r ·m:s \oi'ith mo. t the 
informatlon in t h Ke on tructj0 h 

W>.rt: bo obt<tinc ~tra,oni.:: holo 'I ::, l ror.• .J 20 >. 20 r~· l iv r 
rray. hey wcr· v ry sir>il r · u tho::..? olt .. n<:d •.dt.h .J tran p rency and 

tht: D<.. nol.st: as less ot a prot.l.::r. All 01 th db vt r .ult, ll ve no 
q esti. on as to tht: tea ibil'ty ol vb tai in real tim r construcUons 
tro ltra.:;ontc htllo·ra:::.· · .. :ith aD P db lay tubt? . 

:-lor<! re~.cnt.ly, c::o tot th~ •ftort has b· 4.m onc('fn•d with th 
reli, ilit n lite of tht! Jisplay tube. Crackin ol th !>KDP <;.f')'!1tal 
when oleJ an oper oed nt.!a~ the Cu rie t p•ratur was consid red of 
prime importance. lnis c ra ckin~ app•ars t o be '=aused v .1 combinatjon 
of piezoelectric and :1 chanical · tr ss s. It is beli •v d that t lh 
problem h s been S'J ved b · chanJ.iin th c.onst ru-ction cf th • KDP 
to reduce mechanical · tr~ se strictin th voltage when n ar 
the Curie temper ture to lie t pl z0 1 1.tric Further t sting 
i · needed t o e tab li h that tne "'p l '.Jl "'l has be n n i:lf 

the C rie temperatur (T-Ic = l CJ • but th is ratin 
S~C or more above the Curie temperature is saf . 

The next ~ost eri.ous rrobler Has been the life of th el ctron gun 
cathode . It h s been re orted that it is il7',possible to maintain an activ 
oxide cathode in the presence of a · P crvstal . ~nile serious cathod 
poi ooing has been experienced ~ith the display tub there w re several 
other causes e'l.·en :- re ir;:portant than th l> ·or . E.ljmination of several 
of the~ ha .igni.i~antlv i~prove both catho~e emi~sion and life. No 
long-term life test have yet been ~onduc ted. but beam currents over 8~A 
have been obtained after over 500 hours of est operation with no evidenc 
of cathode failure. 
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Another possible llmlcadon on the life of Che display tube Is damage 
to the DKDP as a result of the electron bombardment. This damage can take 
at least four forms: 

(1) Dissociation of  the UKDP 

(2) Decay of  the secondary emission rati     (6) 

(3) Production of color centers in the DKDP 

(4) Ion migration through the DKDP 

Films  of  Baf2 or CaF2 have been used as protective  coatings on the DKDP, 
which  also  increase  5.     However,   there will always be voids  in these 
films  so  that damage  to  the DKDP  as well  as  the protective  coating must 
be  considered. 

Until recently,  dissociation had been the major  concern because of 
the expected harmful effects on  the electron gun cathode.     Recent  tests 
suggest   that as  long as  there  is  sufficient pumping on  the  tube  this  is 
not  as  serious a problem and may  not be  the  final  limit on  tube  life. 
Accelerated tests  using high beam currents  indicate  that   the decay  in 6 
or  the  production of  color  centers  could be more  important   limitations. 
These  tests suggest  the  operating  life of  a DKDP crystal  as  limited by 
color center darkening would be  at  least  1600 hours.     However,  the de- 
crease   In 8 would result  in shorter  life. 

Accelerated  tests with CaF2   indicate  that  there  is much  less of  a 
problem with decreases  in i  but  color centers may  limit  the life to 
under  1500 hours.     These  results  are only preliminary,  but  they do 
indicate   that a protective  coating is desirable.     However,   further study 
is needed  to find  a coating that  is much  less prone  to color center 
darkening and still has  good secondary emission characteristics. 

Ion migration  is a potential problem near  roon  temperature operation. 
Damaging reactions with  the conducting film has been  reported as a 
result of  ion migration during room temperature operation with a con- 
tinuous  field through the crystal.    Also,  Ion migration would eventually 
cause  sufficient stress   to  crack  the crystal.     This problem can be 
greatly  reduced in  two ways.     Cooling the crystal  to  several  tens  of 
degrees below room temperature will greatly reduce  the  ion mobility and 
operating with the time average of the field  in the crystal near zero 
(I.e.,  charge to a positive potential when writing and  to a negative 
potential when erasing) will  greatly reduce  the net  drift. 

Efforts  to improve the  life  and reliability of  the display tube need 
to continue and more life test must be conducted.    However,  the present 
evidence  leaves  little  doubt  that  a DKDP  display tube  can be constructed 
which can be kept operational by part replacements at reasonable intervals. 
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For completeness,  the  results of  the  Investigation of  two other 
approaches  to real time holographic display should be briefly covered. 
Both appear to have the potential of  resulting in a simple reliable 
device.    The first Involves the use of  a thin film membrane supported 
over an optically flat surface with many small holes or depressions in 
It.    The membrane is deflected by electrostatic forces between it  and 
the bottom or sides of the depressions.     A scanning electron gun writes 
a charge pattern which determines  the  local  forces and,  consequently, 
deflection of  the membrane.    Light  reflected from the membrane is 
modulated by  the deflection pattern,     ihis approach received  considerable 
effort but work on it has been suspended.    With present techniques,  it 
does not appear   likely that  thin film membranes  can be  reliably mounted 
w^th  the  flatness  required  (^t A/8)   for holographic applications. 

The second approach Involves   the  use  of  cathodochrumlc or photo- 
chromic materials.     These  materials  are darkened directly  by electron 
bombardment   (cathodochromic)  or  Indirectly   (photochromlc)   through   the 
use of  a   light   emitting phosphor.     The  available data on many  of   these 
materials was  examined and a number of   the more promising cathodochronlc 
materials were  experimentally studied.     The  conclusion was   that  all 
materials of   this   type presently  available  either bleach  too slowly  for 
real   time operation or have  Insufficient   contrast.     The physical  require- 
ments   for  fast  bleaching and  good  contrast are  In conflict.     Therefore, 
an extensive materials  research program would be  required  to develop 
materials with   the desired characteristics with no guarantee of  success. 
Consequently,   efforts on  this  approacn have  also been suspended. 
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