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AAAS STUDY GUIJES ON CONTEMPORARY PROBLLMS

L4

' Sigpce 1870 the American Association for the Advancement of Sci-
ence has gonducted the NSF Chautaugua-Type Short Courses for College
Teachers Brograin with the supportvof\the Ecducaticn Directorate of the

National Science Foundaticen. [lore than 9,000 college teachers of under- |

graduate students have part1c1puted in the courses which have dealt with
either broad.interaisciplinary problass of science or the app]1cat1ons
of scicnce and mathenatics torcollcege teaching. A1l of the courses are
designed to make available the most current information

Much work goes into the prcparat1on of NSF Chautauqua Type Short

| Courses, yet there are only limited nunbers of places in the classes for
| coTlege teacher:participants. In order to hake sorme of the instructionai
materials more widely availakle, the AAAS introduced the Study Guides
experirent in 1974-75. Course Directors prepared test editions of Study
Guides for revicw by participants in the classes in 1974-75. These

seven Study Guides are now being edited for publication, and should be
available from AAAS by late 1875,

Public Policy Analysis by Elinor Ostrom

Alternatives in Science Teaching by Joan Creager”

Water Pollution by David Kidd ° s

Atmospheric Science by Vincent Schaefer and Volker Mohpen

Conflict Requlation by Paul Hehr

Mathematical Medeling ond Ceomputing.by Jack Cohen and
William Dorn . \ ‘

Thinking with Models by Thomas Saaty

The second series of six Study Guides based on, courses jn the’
1975-76 program will be tésted during the coming academic’ year.. After
testwng and revision, the following t1t]es shou]d be ava11ab1e from AAAS
in the late fall of 1976 .

Biosocioloay by Martin Schein

Social Impact Assessment by-C. P. Wolf

i Holography by Tung H. Jeong

- . + Simple and Corplex Societies: An Anthropological View of
’ : the Transiorsaticn of iraditicnal Peoples by Anarel Simic

Ethical Issues and the Life Sciences by George K%effer

LN Origins of tan: Prcblems in the Interpretation of New
» . Evidence by Alan alniquist ,

ET
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The Study Guides series is ?n keeping with the overall objectives
of. the American Assgciation for the Advancement of Science: ". . . to
further the work-of scientists, to facilitate cooperation among them, to
increase public under.standmg and apprcuatgun of the importance and prom1se
of the methods of science in human progress."
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'« ., PREFACE FROM AMAS. - S

T0 STUDY GUIDL’. REVICWERS: .  © - o .

The test ed1t1ons of the setl of six Study.Guides were prepared on
re1dt1ve]y short notice by the ccurse directers during the summer of
1975. To provide-as much information as possible to the authors. for use
in rev1s1ng this study guicde for publicationy we ask you as a part1c1-
_pant in the NQF Chautauqua-Type Shcirt Course {o test these materials and
provide your reactions. Also we.wowld dpprecidte receiving recctions of
your colleagues and students if that is possible. Your efforts will'con-
tribute significantly '¥6 the quality of the revised Study Guide. .

. &

$f this Study Guide has been successfully prepared, upon completing
it, you will: (i) have an overdall comprehension of the scope of the
iproblem; (i) understand the relationships betucen aspects of the prob-

-

lem and their implications for human welfare, and (1i1) possess a reliable
guide for studying on¢ or .ore aspects of the problem in greater depth.

We ask you to evaluate the study cuide on the basis of how well each of
these objectives 1is achieved. 07 less importance but most welcome are
your specific editorial suggestions, including punctuaticn, syntax,
vocabulary, accuracy of references, effecctiveness of illustrations,
usefulness and orvanization of tabular materials, and other aspects of

the draft that are relatcd te jts, function. 1nree copies ‘of an evalua-
tion form follow this page and aaditional copies*may be-reproduced:if
needed. FEach evaluator should.return a ccupleted form to: HSF Chautauqua-
Type-Short Course Program, AMS, 1776 HMassachusetts Avenue, N.W., Wash-
ington, D.C. 20036. Please type or print legibly. Feel free to include
any additional comments you care to make This evaluation-is in dddition
to any evaluative requests made by the stud/ guide authors; however, we

do encourage you to cooperate with all requests frcm authors. Your efforts
in evaluating this Study Guidé are a worthwhile contribution to the im-
provement of undergraduate educatlon and we express our appreciation to

you.

]

Ne hereby'gratefully acknow]edge the services of Joan G. Creager
Consalting Editor, and Orin McCarley, Production Manager for this ser1es

‘ ‘ ~ Arthur H. Livermore
. ) Acting Director of Educat]on
A RS
Don 1. Phillips =~ N°

Project Director
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& 1VALUATTON 1_'(tss

After ((m.plct{n;v_ this seudy guide, tem oul ene copy of thi‘ sheet, conplode
G, fold, and vadl, - No civelope 3% mceceded.,

‘Ciycle L)n(f)c,p(\vo that beat matches your feeliyg about the study guide. Also,

please make specific sugrencions vhevever possihice, {

: < - o ' Unsatis-  Satis-

. . factory =~ factory
1. bid you achicve an overall comprchension of the scope :
of the problen? S _ — 1 2 3 4 5
Sugpestions for Jmprovement . - )
4 . ‘ ) C N :
. "/ . . ~

2. Did you achicve an understandiag of rélations hips .
betveen ~spects of Lh(, )nob]“n and their dmplications for
hunan velfare? . 1 2 3 4 5
Suggestions for improvenent: ' ®
3. 1Is this g reliable guide for studying onc or nore )
aspects of the.problem in greater depth? 1 2 3 4 5
Sugpestions for “inprovement: . , g
N

’ ‘Was the content of this study guide clearly presented? 1 2 3 4 5
Plcace comrient on specdfic pages and paragraphs, if

_ ® appropriate.  Une'therback of this page tnd”additional

* gapes 1f necessery.  Please type or print cleanly.

.

5. Did ycu {ind the study guide informative? . 1 2 3 4 5
Please cemnent as specifically as possible. e r

a

6. Arc therd any topics in this study guide that you thinlt should have been
.modificd? + . . any that should have been added? . . . deleted?

v

7. Rate the study ?ui’dc: aQ 3 m the fo‘lo'uno sitvations

independent, study by collepe teachers 1 2 3 4 5
independent study by college students 1,2 3 4 5
a basic text for a conventional-course 1 2 3 4 5

. ‘ a supp]cncnt in a convenuona‘ cours 1 2 3 4 5
othey: } ‘ :

»

I would be interestcdiin receiving information about purcha.,lng the follow-
ing 1974-75 Study Guides (available late 1975):
o ] |

I would be interested in receiving information aboutl purchasing the folllow—
ing 1975-76 Study Guides (available -late 1976):

1\ .
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8. Vhet vay your background fn the subject before using this study guide?
() nene or Jittle () collepe gourses (;%rLcachlng the subjeet
() other: ‘ Vo -

v v

! .
. Your present position is:  ( ).college teacher () college student =
() other: ) ?

10, What specific changes are nceeded to mahe this study guide morc useful Lo
college students? )

' Y

11. Please male any other conrents you feel would be helpful (regarding
illustrations, tables, accuracy and availability ofsreferences, extent Lo which
objectives vere met). ‘ .

N

.

Please fill iu your nanae and institutional address below, fold, staple, and mail. .

v
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Thanh you for your assictance.
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CHAPTER I

—

Introduction

The basic ideas of ﬁolography were originated by Professor Dennis Gabor
7 > N

in 1947 and published in 1948. With the advent ©f the laser and an improved
process by Leith and Upatnieks, it caught the excitement and imaginatioh of

the scientifi¢c community and has since become’an active field of applied fe-
! 9

[l
search around the world.

-

More recently the introduction of motion and the elimination of stringent
conditions for illumination have made it possible for artists without
A

- . [4
scientific background to adopt holography as a new and exciting medium of

v
graphic¢ communicdtion. Thus, a new era of collaboration between scientists

and artists has begun., ‘
| y T
TPe primary purpose of thié‘study gulde is to provide a student with

[ .
suffic%ent practical and technical ipformation to begin independently

-

practicing holography, with occasibnal help from‘i teacher.
In a way, this is more of a lkborafbry manual- than a "study guide',

The chief justification lies in thé nature of the subject matter and the

author's philosophy im science teaching. The student should "do it" first.

The understanding and the formalism will come naturally once his interest

L
.

and curiosity are aroused. . ‘

The content has been used by the author during the last three years

in his Chautauqua Short Courses around the country, covering all the centers. °

In addition, it has also been used in a series of Hologram Workshops offered

by Lake Forest College every June since 1971. Thus the content has been

tested on a variety of students from thirteen-year old junior high school

.
y J

stgdents to physics professors. Within this spectrumfgwe have had artists,

-
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”

entrepreneurs, medical docto:s,\flychiatrists, theatre designers, engineers,

r
-~

museum directors, architects, and Unaffiliated itinerants. Hopefully; with

-

the feedback of the initial users of this guide, we can jpmprove the content,
v < N M

the format, and especially add a section of homework proBléms tosit.

It writing this guide, I am compelled to Jjustify the\teaching of

-~ v

holography in an fastitution of formal education. First of all, holography
. 4 : R . -» B

is not merely a craft - it combines meticulous laboratory techniques with

- ¥

extremely elegant formal theory,. In&eed, a single holoéram contzlas all the

major theories of physical and geometric'optics. With laboratory practice,

the student will learn the importance of attention to pertimnent details.and

. . . . . /
the painstaking care required to achieve experimental results. In i!‘t

Chapters I1II and IV he will learn the interplay of deduction aand induction

s

in scientific pursuit. ¥inally, we shall put holography in perspective

and sﬂézithat it is a fundamental expositfon on e wive behavior of

o F : :
electromagnetic radia . = . < '

Y Thus, while scudyiné holography, one can leap into the study of

‘

quantum physics»}nvolving the laser, the éﬁiifal considgration of informat%9n
. LI . . '
theory involving the topic of entropy, as well as the symmetry bwtween the

spatial and the tempdral domains of‘comﬁunication theory. 1Indeed, this is

an oéen-ended subject tQéf canfbg pursued at any level, *

- rd .
Although this guide isdy?ittep in the usual format, i.e., beginning
Y - ) .

with introdu {i?n and some theoretical considerations.and ending with v
laboratory exercises and a'digcussion of aépli@étions,'it can be used in

t ] . A ]

an almpst randow order. For example, the beginning student can start
. o . . -

with Chapters VI, VII, and VIII and make holograms during his *first

laborato;§ periods. These chaptéés are self-contained and can be followed

iy

even without any essential understanding of holography. Outside the

laboratory, he can read the preceding chapters to understand what he actyally

12 T
T

N

F
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’ﬁhas accomp&ishedn . . ) ’
& T \Q . - B . a
A f feel that th}s 1s a pedogogically sound procedure in that it .follows ,‘

I . K

- 4
. thé natural,iearning process of ‘all of us, thab is, we/learn as we'go. .

;' . " More Specifically, "I have found that by allowing a student to succeed in

=
~

. -

making a white light reflection hologram durTng his first exercise, he is
- "&‘?- 5‘ 5

‘encouraged to 1earn all the basic physics necessary to explain it to his
N . ‘ .
péers 4s he exhibits it, and this alone requires that he learn at least three .
. A ”Noﬁel‘frize-winning~ideas in physics. .

- -

v . . In:other words, this procedure allowsza parallel teaching ofitheory

and practice; Since the subject can be pursued at many levels, both

liberal arts and science students can participate simultaneously, making the .

subject of holography highly viable as & mini-course in a university
veurriculum, or as a topic of independent study for a student.

IR From the point of view‘oI™wconomics, the subject of holography ofiers

, ‘

advantage over many other experimental _topics. A complete program\in\
i \
holography, including the laser“as well as expendable materials, such as

chemicals and film; can be started for less than $250. The full range of

this homemade "and commercially produced hard- and software will be discussed

I s
< -
3.

| in Chapter V.’j, .- . .
< ow e T H .
Chapter II describes what holograms are. It epumerates the ! . .
charactexistics that can be physically demonst;ated in front of an }

. S . -
audience with a set of standard holograms that can be either purchased

-

or made. From past experience, I find that this is the most suitable

-

‘way to begip a course or even a one-hour lecture on holography. It

ld -~
>

arouses curiosity and motivates the student to pursue the subject further.

s, Chapter ﬁdesc‘ribes a geometric model which, with minimum

- mathematics, allows the general student to attain’'an intuitive understanding

-

. . \ & N -
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' ideas is offered, hopefully to review to the student some degree of

°

other references. For

l _arti,cles.#' For practicaiepurposes a list of vendors for both hard-

of hoiography. A more formal descgiption is offered in Chapter VI.

Here, a.discussion of the interplay between practice and formal
elegance involved in ‘scientific pursuit.
follow them in order as presented. Chapter VI can also be used as’

lecture demonstrations using the Michelson interferometer both as a

historical experiment and a practical'tool for checking vibration.

4

do it in a novel way.

./_'

-
-

.

g

’

i

Chaptérs VI VII, VII1I, and IX é;e'structuredi It is advisable ;6"

B

On the matter of bibliography, I decided to break tradition and

Instead of inundating the student by showering

him with numerous footnotes and references

uhderstand,'l have decided to have an ind
at' the end of this guide. Thus, Chapter X is not merefy a list of
ref;rences, but contains a general discuséion of various types of
references and how a student should use them. Included are a Sampling
of general.physics textbooks which should be consulted by a stude?t
whenever he encounters

Any single text on the
articles are inclgded.

and software are lisﬁed. Here 1 must Eonfess my bias in my choices,
Essentially; it is impossible to list all competing manufacturers.

What is liste& represents my own person%} choice. Since new productf
are being brought to th market periodicéllg, the student is encouraggd

to do some research in this area and make some independent choices.

~

ependent chapter on references

|

4

e

/

, most of which he cannot

’

a technical ferminology that he cannot comprehend.

subject of holography will coqtain hundreds of

M (4 . * ' .
Each article can induce an avalanche in other

ok
M

this reason only a few pertinent original
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CHAPIEE)II,

Holographic Characteristics ~

What is a hologram?

We shall begin by enumerating general characteristics of most

holograms, follow by a discussion of speciaiized types which have their

‘own particular interésting applications. Chapters III and IV will explain

most of the facts listed here.
1, The most striking feature of any hologram is the three-dimensional

image that it forms. An eobserver looks through a hologram as if it were a
’ e

window. A three-dimensional image of an objeg¢t can be obéerved to be on

either side or even straddling this window. As the viewer moves his head

‘

up and down and side to side, he can look 4round the object. 1In fact, what .

is observed is not a psychological effect but can be confirmed by seientific

L\///-_’ instruments, such as cameras or video recorders. This means that -the light

- “ a -

| arriving from the hologram into the viewer's eyes is physically the same as

’ ) light emitted from the original object.

2. If_a hologram is broken ;nto small pieces, (or, to be less wastéful,

if the hologram is covered by a piece of opaque paper with a small hole in it)

the entire .image can be seen through any small piece. Depending on 5hs\

x

location of the piece viewed, the perspective is changed. This resembles

|
|
' precisely the act of lookihg.through a hole in a covered window. Deﬁending

¢

on the location of that hole, the outside scene is perceived in its entirety,

but from a different perspective. ’
3. Holograms offer both real and virtual images. An image is said
. to be real if it can be projected and focused onto a screen. Otherwise

it is called a virtual image. In general, the definitions parallel to

those used for classical optics concerning lens4® and mirrors.

a

- 15 f
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4. Holograms formed on thin emulsion exhibit the phenomenon of

dispersion, that is, when the hologram is viewed with a white spotlight,

. ’/

< l »
such as from a slide projector, the image is observed as a continuous
smear from blue to red. If it is illuminated from a point source of low

pressure mercury light,discrete images in different colors can be observed.

-

5. Holograms can be made in shapes other -than flat sheets. For
example, a cyfindﬁigal hologram can be made with a single e§§osure, so

that after processing, the viewer can walk around and observe the image

from all angles. 1In general, any shape that can be formed by holograbhic
film c%n be use%“to record holograms. :‘Emulsions can even be coded inside

bottlég so that Ehg contents can be holographed and later .observed as

A}
virtudl images.

-

6. A focused image hologramkis one which can be illuminated by a
point source of white light with the image‘appeéfing in black énd white

and in three dimensions at the film plane.

”
7. A "rainbow hologram" can also be viewed with a point sourcé

of white light. Depending on the angle between the illuminating light

and the hologram, the image can be observed at any desir}d color one

1

1 .
wishes. If this type of hologram is illuminated with a long, filamental

\

white light, the image appears .black §nd $hite,
8. All the previously mentioned holograms are usually called

1
-transmission holograms. They are always viewed by having the illuminatjion

P
,

behind the hologram on the side opposite from the viewer. The light
:\ a ¢

transmits through the film to form the image that the viewer sees.

On the "other hand, a.reflection hologram is a type in whicghéhe illuminating
' . 1 . N N
source is\on the same side of the hologram as the viewer. Light is

.reflected off the hologram to form the image observed. This type of

-

hoiogram can always be illuminated by a point source of white light and

[ERJ!:‘ the image will appear in color. Using mqltiple-color lasers, holograms
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of this t¢pe can giﬁe mulEi-color thrqe—dimensional images.

s v
"

+ 9. The iﬁCegram integ;ates,various'graphical techniques to allow
the dispiay of three-d&mehsiégal images of live objects in motion as ) 4
well as ougdoor scéneé.:'Tg; Qiewer‘standing around a transparedg
cylindrical drum sees peoﬁle;;minobes,lof computer-generated three-

dimengjonal images inside, in” continuoys motion. Since it is recorded from

ordinary motion pictures origimally in two dimensions, any images that can

N
. 3

\

ordinarily be qapt;red by the m&tiqn picture camera can’be tonverted into
an integraph. The largest object ever recorded this way is the earth
with its cloud formatioa. ,The original data was gathered from weather
satelites in twe dimensions and'then integrated into a hologram. ;n the
present format, the integram requires monochromatic illumihaéion. However,
this constraint is e;imidhted ié and whep thick, phase-sensitive recording
medium becomes available. It will thén be possible to present the tmage

. ) >

in -natural colors. ! : .

a

3

10. A multiplex hologram uses the combined techniques of the

. ‘ ’
integram and the rainbow hologram. Its most important advantage is that

it ¢an be illuminated with a tungsten filament light bulb. However,

depend‘ng on the angle the observer makes with the film plane, the image
changes color, from red to blue without any control and it cannot be seen

at cloée.rahge. .At’a distance, the three-dimensional image is extremely.
..'.\._\‘1‘ . 1
.striking. o v .

‘ 11. 'The image of the hologram can reveél more information than by

the mere observation of the original object. For example, a specimen

.

. »
can be recorded so that black lines appear in the space surrounding its

jimage. The shape and locatioh of these black lines reveals the micro- -

scopic shifts on the surface of the object. This technique is called

.
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.holographic interferometry or, for short, holometrx. A typical tephnique

-

usea to produce such a hologram is to first make an exposure,'then a110w

e S

the 3§Ject to be changed by applying a force on it, (if it is a plant allow it

hd ‘

to grow for a short period of time) and then a second exposure is made. In

*

the image of the processed hologram, one sees a comparison between the two

. v &
2 LY N )

states which reveals all the microscépic differences through these black

5 - -
fringes. Using this techn¥que, vibration patterns on musical instruments,

stress patterns as’ applied to structural parts, and growth patterns on 1iveg

9 ~

plants have been observed.

‘ .

. . ] .
12. By using a two-frequency laser, contour lines can be mapped onto

the surface of the image of an object. By observing the image of the
’ ) .
hologram, quantitative information concerning the dimension along the line
L3
of sight is quantitatively observable.

13, Motion pictures, as we see them now, can be trah%ferred into a
K ‘e 5

holographic cassette which then can be played back*thndugh an orginary

te;égision set. The major advantage here is.that the recording medium
»
is cheap plastic without coating. The interesting part of this hologram
is that the film can be continuously moved, but the image rémaing stationary

until the hologram of the next movie frame is in position. This character-
istic is typical of a Fraunhoffer hologram. This allows the ¢assette to

be played in a continuous manner, much like a magnetic tape and unlike

the jerking motion of a motion picture projector.

14, If a lens or mirror or some other optical component is pért of
a scene inside a hologram, it retains its optical characteristic when the

recorded image is viewed. For example, an object placed behind a lens

will be seen to be magnified or minified.— Such a hologram, when observed .

with a real lens can form a compound optical instrument, such as a

’

microscope.or a telescope, allowing the viewer to change focal distance’

\ 18 v C

of the system at will.

e

o

v
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15. Images of non-existent objects_can be recorded\holographically

. \

through the assistance of a computer. Basically, the mathematics }f :

s
holography is well-known and the pattern actually recor on the photo-

. graphic film during the formation can be calculated and Plotted out by

a7éompﬁter. This pattern can be photographically reducéd and viewed as

+

v:: " a hologram. In a more straightfforégrd ¢ase, computers can initially
. generate two-dimensional sequential images of an event or a TV sc?een.

” These images’are then transferred into a motion picturé format and then
converted into'a iﬁtegram or multiplex hologram. Furthermore, computer
hblograms can be used to compensate or cogrect oPtical defects of ex-
isting instruments. .

The list of characteéistics above by no means exhaust? all the
interesting aspects of holography. They were specifically enumerated
to arouse the curiosiéy and interest on the part of the student. It ~
challenges them to learn to understand each and eq;;y item and perhaps
even to demonstrate them in the laboratory. ' ‘
.' ° -~ ’ .
) .
7 | . ‘ | \ .
L 19 .
. . ] . N
Q . Dl .
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., CHAPTER III
v e GEOMETRIC MODEL ) )
3 - . P N 4e
\\ To méke holog;éphy accessible to the artist as well as to the
\ . rd . N NI ¢ )
technician, we here develop a geometric model to interpret various i
. \ N - ) ' .

physical .characteristics of hgldgréms listed in a previous chapter.
{ v
] R

It is possible.té understand much of holography without a highly

¥, )
mathematical background. }However, to do quantitative work, rigorous

- 3 e v

“mathematics is absblhtely necessary.

% . -

TWO-SOURCE INTERFERENCE ¢

[}

Basié to this model is the understanding of how two so@rces of
cﬁntinpous waves, emitting at thé same constant frequency, ;nzerfere
in space. A:popular démonstration of this'is the &ippie tank. Such
patterns can be simulated by the superposition‘of'two identical sets
of concentric circles, where the gadialvdifferéncebbetweeh squéssive
circles is"\, one wavelength (Figure 1). Assuming that the white
areas represent dongtructive interference, and.qhe dark areas represent
destructive interference, trac%ng eitﬁer set results in a family of

hyperbolas. Figure 2 represents a set of constructive interference

patterns. Along the zeroth order, all intersecting circles have & constant

fadial difgerence of 0; and along the nth order,.the difference is nA.

v

. ~
In between the orders of maxima are hyperbolas representing the minima

(not shown in Figuré 2), where the wave ampliéude is always zero in-

spite of the fact that waves from two sources of disturbances are

ae

continuously passing through. iﬁ(

»

If the two sources were operating\in three~dimensional space, *

"

as would be the case for ¥acoustic sources, the interference pattern

would be represented by the figure of revolution of Figures 1 and 2

with the line connecting the two s%yrces as the axis, i.e.'alfamily
"~

' ﬂ ~ i
of hyperbolas. ;
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! If the two sets of concentric circles on Figure 1 were made on 7
3 .

separate transbarenéies, they could be moved reldtive to one another

- ~ ! - N

) to observe how the families of hyperbolas are changed relative to the

positions of the two sources. This demonstrates the interference patteréj/
?

- -

} . .
generated by the MiJLelson interferometer and Young's double slit

£~

- interfeggnce patterng/
. V3 R (d
THE MODEL ‘ ‘ P

|

|

|

» : ' . . ‘
We would like to state some:interesting, if not more well known,

. ) N .
characteristics 6f hyperboloids as represented by Figure\b.. Take the

¢

zeroth .order, which perpendicdﬁarly bisects the line _joining the two

- . S

h sources. If we imagihe that thi's plane is & mirror, é;y ray of light
arriving from source A would be ‘reflected in such a direc¢tion as if it K
comes from source B. We can say that B i; the virtual image of A. -
Now take an arbitrary o%der other than zero. Let us imagine that ///)

this hygerboloid is cvated for reflection, i.e. a hyperbolic;nirror.
Any ray of light arriving from source A, once again, is reflected in 5
& s ) . . C i
such a direction as if it comes from squrae B; In both cases, a

¢ reciprocal statement can~be made, i.e. that a light ray arriving from

source B will be reflected by any portion of any hyperholic surface

if it*were generated by source A. A more d

~

X in such a direction as
-~ [2 A Ay
mathematical statement is that the tangent on any point~of a hyperbola

%

besects the angle formed by the two radii “through ‘that péint,
-~ . f \

o ) ; .
A.statement of our model can be presented as follows: Assume all

hyperholoidal surfaces that represent the interference maxima due to

A,
~

. two interference sources to be partially reflecting surfaces. When a
hologram is made, the volume tﬁfouggout the hologram_containg a linear
superposition of a mulgitude of hyperboloidal sets éf pdrtiai mirrérs,
each set being created by fhe interference between the rqferencé beam
and light from a point on thé Lbject\ When the hologram is viewed,

E i?:« each set refledtsalight from the reference beam and forms an image of

o o e . . . ! 0 - -
- an object point. , 23‘) ’ s
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APPLICATIONS OF THE MODEL

The Virtual Imagine - Figure 4 shows the optical case of a two-

beam interference'id‘three-dimensional.épace. Assume that the two sources

. , \

- are emitting at the same consStant frequency and that we place a recording >

medium such as silver halide photogfaphic emulsion at a position as shown.

»

Since the typical thickness of these emulsions are in the vicinity of 10X,
_the interference pattern\reconded inside the emulsion represents secions T e
of hyperboloidal surfaces of many different orders. Imagine that after

processing, these surfaces become partially reflecting mirrors (as well as

‘

"partially transmitfing andfabsorbing). By illuminating the.proéess;d
film with source A only a; the original relative positions (Fig. 5), some
of the light is transm}tted directly through thes$ partial mirrors, som%
is absorbed, but the rest is reflected in such a direction as if they all

come from source B. Therefore, if an observer:looks in the direction of

. source B through the processed film-hologram, he sees a virtual imége of B.
We can arbitrarily call the light from source A a reference bepm and

from source B an object beam. If more than one point source is located in

the vicinity of B, each source will form a unique hyperboloid set with }

source A and the film will record all of them. Upon illuminating thé"

processed hologram with source A on}g, each?sét &ill*reflect light‘in such

a way as to recreate the virtual image of all its object pdint:
If we now replace object B with a 'thrée-dimensional scene illuminated

by light having the same tonstant ¥requency as the reference beam, each
/.

point on the gurface of this object creates a unique hyperboloid set with

.

A inside-the emulsion. - Thus, we have a hologram of a three-dimensional
¥

object (Figure 6).

The Real Image - Take.the hologram from Figure 5 and illuminate it in

a backward direction by focusing a beam of lfght'back toward A (Fig. 7).
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The reflected light from-our hyperboloidal mirrors will fo;us at B
so that if a projection screen were presené{ there we would have a
real image of B. ‘fhis can be dore also with the hologram formed in
Figu?e 6. The real image in this case will appéar on Epeasd?een as a
two-dimensional imaée of our original scene. Depending onlghe locatfon
of the screen, different parts of this scene’will- come into focus.
Redundancy - It is weil known that if §§hologram is broken }nto'
pieces, eaéh plece will give a.complete.?egsbective of:the original
sceneuv This can be understood from Figure 8. Imagine that the film
were half or a small fraction of its original size as shown in Figure 6.
Since every elementary volume in the hologram was formed with light from
a complete perspective of the scene, each ofnthese elementary volumes
will produce a complete perépective. In other words; thé size of the
film used ég form a hologram is independent of gh? size of th; scene.
In fact, for the purpose of projecting a real image on a screen with a
laser beam, it is desirable to select only a narrow area by using an

* ° 3 3
undiverged beam so that the area covered does not exceed a few milli-

meters in diameter. "~ In this case, the real image consists of rays at

® .

small angles relative to one another. This increases the depth of field,

-

éllowing us ro have a focused image over a long distance along the
beam paths that form the real image. Many 1aw§ of geometric optics
operate here, i.e. dépth of field, resolution, etc.

- v

Dynamic Raﬂgg’:\gft only the locations of all the points on an

object are reproduced in the hologram, but their relative intensity as

I Q

> o

well. Suppose our scene consists of sources B and C with B having the

a Wk
same intensity as A but with C being less intense than A (Fig. 9). We
v -
can assume that the mirrors formed between A and B are of higher

reflectivity than those formed betweenoA and C, due to the difference

30

>

in.fringe visibility.
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- When this processed hologram is. illeminatedkby A, points B arnd C are

recreated by the reflegted light from these Surfaces in correspondence

~ with their original iﬁteﬁsity. Thus, a hologram can recreate total ; .

variations from faintly Eliuminatqd areas to glares.' ‘¢

~

T
Noise - As is true in all information. transmission systems, the

~~ a
output always has noise added to it., Besides the so-called grain noise
*

;
of photographic film, which is due to the scattering of light by the ’ -

§

- particles in tHe film, another source is calded intermodulation noise.

14

In Figure 9, not only are there interference patterns.between A and B,

)
arid A and C, there is also a'pattern formed between B and C (not.shown),
The latter pattern forms a set of hyperboloids thaf alsb‘intersect
throughout the volume of the film but of much lower spatial frequency
(fewer lines per millimeEef across the surface of the film). This

results in the scattering of light ia arbitrary &irections when the

.

-

hologram is illuminated with the reference beam alone. When the scene
. ) o . .
consists of three-dimensional objects, every pair of points on the

object creates an unwanted irfterference pattern. Therefore, the

" larger the object and the clpser "it is to the film plane, the more

v

serious the intermodulation noise becomes. *

4

Beam Ratio - To helg minimize the effects of intermodﬁlation noise,
practical holography requires that the fbfereqce beam be of higher

;ntensify than any point from the object. In practice, the iﬁfénsity
ration, as measured by using a diffuser in front of a.light‘meter,
bétween the reference and object beams va}igs from 1 to 1 _to 10 to 1
for transmission hologéams, thé type so far discussed. This allows the
mirrors to form between, the reference an& points on t ject to be

generally of higher reflectivity than those formed between any pair of

points on the object. " Also, tﬁs noise can be further minimized by having

. 33

.
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. Ehe smallest angie between the reference beam an& any.objéct beam to

be greater than the largest angle formed by‘a Péir of points on the
object. Th?s ﬁssu;es that the minimum sﬁatial‘freqhency for@gd by (
the object and the reference beam is greater’?han the spatial

frequency of the noise. When the hologram is'illuminated, the ;nter-
modulation noise is dif%racted to angles always smaller than the\siénal
Hesiggd. In tHis way, even though we cannot .eliminate the noise, we
can isolate /it.

~

Multiple Scenes - One of the most dramatic features of a hologram -

¢

is that it is capable of ;ecording more than one independent scene ovér

.
the same volume to be Qiewed independentiy by changing the relative angle’
between the plane of the holoéram and the reference beam. The phenomenon
involved is Bragg diffraction -and is understandpblé by the use of the model.
For simplicity, Figuée 10 shows a cross-section view of the interference-
pattern formed in the holog{am by having two sources far away from the
film and making equal angle with it. Thus, thelhyperboloidal surfaces
inside the emulsion approach being planés. The relative dimensions of
emuision thickgess to A are iﬁ close correspondence to physicaliréality:
"For example, the thickness of the film, typically from 6 to 15 microns,

exceeds the distance between planes. Therefore, a ray originating from

the direction of the reference beam suffers multiple reflection by

B el
o

succe§sive planes when it penetrafeb the film? However, because‘9¥ the
inherenE characteristics of this family of Hyperboloids, (recall,}ig. 1),
each successive reflection will have a precise pﬁasé shift of 2m,

i.e., the optical path is increased by precisely X in each successiﬁe

reflection. All the reflected waves then are precisely in phase and

therefore add in amplitude, resulting in a strongest possible wavefront

1}

o
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represeriting the object beam. If the angle of incidence is deviated
from the origingl reference beam relative to the -hologram, all the -
reflected beams will have different phase differences and‘the resultant

: =
reflected wave is much lower in intensity. Quantitatively, we can say

3

that in the case of correct ill0mination, the absolute value of all
che enclitudes is ay, 85, ...8, add (beiné parallel vectors) and the

‘ﬁ : - intensity is I = ( |a1| + |a2| + ... + Ianl )?.~ In the case of the ~

misaligned illumination the phase shift of each successive reflection

-

2 1
is different from 27T and I1 = (a) + ag + ... tayp, ;;\Ehat I21 .f
- 7

In practfce, when the illuminating angle is significantly different’

from the correct angle, no image can be seen. This is precisely the

- '

manifestation of Bragg diffraction. - —

To create multiple scene holograms, one expdées the film with
: - ‘ A .
object 01, stops the\exp08ure, changes to a second object 0p, changes

)

the angle between the reference bheam and the film, and exposes the

N

second time. Generallf, each exposure is 6ne—ha1f_that of the _ .
exposure for a single scepe hologram, gssuming no great change in

object brightness. The resultant pattern recorded in the processed*

. ot
film is the equivalence of the superposition of two 1ndependent sets

- P
Pe

of hyperboloids, each corresponding to “a given scene. - During re- -

[ ‘e . ’
construction, depending on the orientation4of the:hologram %with -

"

»

respect to the reference beam, the yavefront of one or the other scene

" can be recreated. This is true both for the real and the yirtual

' 6
images. ! A a .
§ A . . S

Depending on the thicknbgs of the film and the size anc proximity

-

of the scenes relative to the film and to the reference beam, different
V-

v » N
é@ degrees of success’can be achieved in miQimizing cross talking. A

»
Y

great deal more detﬁil concerning this rs explalnable with this model
»
/ : -

than space here aquwsM/ -
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* of white light as that from the sun or a penlight, and offers a narrow

<

White Light Reflegtion Holograms - From our previous example in . ‘
Figure 10, it is apparent that if the hologram is sufficiently thick,

it can be illuminated by white light. Onfy the waves of the original
' Y ‘

frequency can be successively reflected in such a way that the image
waves areZin phase. All the other colors are reflected with phase ) o
relations ‘other than 27 and their intensity is drastically decreased. %
In reali%?, the actual dimensions of the film used, versus the actual
spatial frequencies, does not allow this to work well. 1In general,

ayred light constructed -hologram can be viewed with any monochromatic
color. For example, for holograms constructed by the helium neon laser °
and then viewed with the yellow line from a mercury or sodium lamp,

one needs to tilt the hologram so thaf its normal makes a smaller angle

with the reference beam. In such a way, the optical path(difference

among various snccessin:feflections is compensated so as to become in ¢
-phase again. In genera s-the image recreated is aberrated. The degree f
of aberration is in correspondence with the geometrical properties of /
hyperbolic reflectors. ’ . u
’ -~

Th; ability of the hologram to dlscrlminate color depends on the

-

number of reflecting p1anes that a given ray of reconstructing light

~ f .
encounters. To max&udze this number the film should be placed in a

-

location between the object and "the reférence beams as shown in Figure 11,

Since the separation between the successive hyperbBloidal surfaces along

the line joining the two sources is %k, the usual 6 to 7 microns thick ’
photographrc emulsiaon would store up te twenty planes for red 1ight:
The imagé from such a hologram can be reconstructed from a point source

-

color band selection. We can consider each surface as a hyperbolic mirror

” ~
)

" 80 that all light reflected by 1t will appear to come from the obﬁect -

point. Sipce each ray of reconstruct1ng 11ght penetrates through many

e N ‘ B -
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planes, each reflection is in phase with all the othersg, the result
. o

is an intense reflection for the original color. The object point shown

[N

in Figure 11 can be a three-dimensional scene, illuminated by a separate
i

beam of light from the laser. It is quite apparent that from this model,

intermodulation noise will not be troublesome due to the fact that the

surfaces formed by mutual points on the object are almost perpendicular

. . to the set that we desire. Thus, it is understandable tggt the beam

. l® y R
ration between the reference and the ob#ect beam should be near L.

Holographic Interferometry - Consider a double expogure as represented

by Figure 12, Here the object is located at 31 durifg the first exposure
and is moved to B2, a distance in the order of A, for the second exposure.
The resultant hologram is a superpositidn of two sets of hyperboloids. ﬁs
can be observed from Figure 12a, the two pqttergs coincide on the left-
hand side of the hologram but fall in between sne_anothér on the right-
hand side. As a reélistic correction to our model (first perturbation?),

' we-sth1d realize that these surfaces, instead of being hard, infinitely
thin planes, are actually sinusoidal in distribution. The result is
that, when we view the hologram, we see a bright point located in the
vicinity of the origiﬁal object point from the left side of the hologram.
Frab the right-ha;; side we see nothing, due to the fact that the two

- paéterns add up to be a constant, resulting in no discernible pattern at
xall. If the object "point had been displaced diézerently (to B3 as shown

T in Figure 12b) its interference pattern would b; shifted-in such a way

”that the two patterns are in anti-coincidence on the left-hand side of ’

the hologram but in coincidence on the right-hand side, and .the situation °

then is reversed.

o v 39
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with the number of interference orders differing by three, indicating a

. , * 3 II1 - 23

<

. ’ ’ »
Therefore, for a continuously distributed object which is linearly

displaced; we will see in geéneral a set of straight black lines super-
posed on the image of the object. On the other hand, if the object is
stressed, complex lines will be observed each of which represents loci of

points in which the object beam suffered a constant phase shift.

Holog;aphic Contouring - Dark interference lines can be formed on

a scene that indicates points of constant elevation. This is done by ~
exposing, either sqccessivély or simultaneously, the hologram with two
different wavelengths of monochromatic light. Figure 13 shows the super-

position of two sets of hyperbolas with the foci at the same locations, but i@
/\J

small wavelength difference. If the observer moves across this hologram,

the object point will appear and disappear alternatively. If the object

-

- two-frequency laser, a contour is generated on the object if the size of

the scene is sufficiently large. For the part of the scene in which the

were extended in space and the observed looks through a giyedﬂésot on the
holdgram, dark lines would appear on the object designating constant

chédnges in elevation.

Coherence Length - (temporal coherence) - One of the basic techniqugs

\
in making good holograms is to insure that the optical path of the object
andﬂthe'refegque beam be equalized, beginning from the beamsplitter. 1In

without an internal etalon emit simultaneously

. -

general, lasers operat
more Lhan ong frequéncy. For example, the low cost helium neon lasers
emit typieally two to thre%iiifferent frequencigs simultaneously. The
frequency difference between thg various lines ;s defined by

Af = c/2L

a

« ‘ . where f is the’

frequency difference, c is the speed of light, and L is the diétance

1)

between the two, mirrors in the laser. When a hologram is exposed .using a

12 )
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v

optical path is equalized with the reference beam, the interference
pattern res%lting from both frequengies coincide on the holggram? The
first dark fringe on the object represents the anti-coincidence of the
two sets of fringes caused by the two f;equghcies. Therefore, for a
sufficiently small obj?ct located at this first contour line area, no

holograms will be made. Alternatively, if the location of the hologram

»

is completely within the area of anti-coincidence of the two patterns,

then, once again, there will be no net pattern recorded. Near the

. 1)
zeroth order, all frequencies are in coincidence. Therefore, even white
light can form a distinct interference pattetn, such as in the case of

: white light fringes of the Michelson interferometer.

Spatial Coherence - In all -previous cases, “we have assumed that- the-

. reference beam must always be a point source. We can invoke the model

<

here to explain why it is unwise to do oth&rwise. Consider using a
. beam scattered from a piece of ground glass as a reference zzam. In
this case, the hologram exposed is equivalent to one which hds a large -

»- number of individual reference beams from a variety of slightly
dig}erent angles. Each reference beam fo?ms an interference pattern in
space slightly displaced.from all the others. If the hologram thus
recorded is later viewed with a point séurce, the image will apéear to
be blurred due to a variety of angu{fr orientation of our imaginary
mirrors. If the spot size on the grouna glass is sufficiently large,
the image can be blurred beyond recognition, &In the case of~the white
light holograms, due to the close proximity of the hyperboloidal éurfaces,

~ no hologram will be formed in the first place. .

Laser Speckles - Aﬁyone wiio has seen lasér illuminated objecté has

/ \a\' J . . )
noticed the speckled ef?ésv3 i.e., a granular appearance on the surface.

. - . -

Furthermore, the size of the gra ase ds one moves farther away

from the surface. Our model will'help to explain many of these observed

ERIC 14 .
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properties,

.

Consider a projection screen.illuminated b; laser light: Any pair
of points on this surface will‘form an interference pattern represented
by a family of hyperboloids in\space (Figure'2). If ve walk across the
. room while ‘observing these two'péintg, we walk across this pattern'énd
e obsérve alternately bright and dark sp;ts. The closer the two points.are,
the coarser thewpattern is. Also, the farther we are away from the points,
thg éreater is dis£ance between bright and dark area;. Since every pair .
form with eéch other a unique interference pattern of varying fpatial
frequencies and the illuminated area of the screen has a gréat humber of

points, the result is random-distribution of a large number of different

hypérboloids. Therefore,‘the granular appearance is inherent in the

nature of the light. Additional characteristics contributed by the

defects of the eye will not be discussed here., - °

#

CONCLUSION ' . ' .

As is true with all models, our geometric.deel for hoiograpﬁy must
break‘down at a limit. This limit is thé "thin" hoipgram. A holograé
is considered "thin' when the separation between the hyperboloidal
surfaces exceeds the thickness of the emulsion, At thgs point, our

' ' model will start giviﬁg wrong answers. For example, a thin reflection
hologfam, according to the model, should give a white image when
illuminatéd in white light; while, in reality, no. image can be formed
this way. Also, since there is no longer any Bragg effegt, a trans-

mission hologram should also be given a white image if white light is

used for the reconstruction. The fact is that the image will be

smeared in a continuous sEEctrum. On the other hand, the model has
.provided us enough background up to now to begin using diffraction

theory for explaining holograms. We can now consider a hologram as
\ ’ N -
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a sup;Bosition’of two dimensional grating$ recorded on film due to a

-,

mutual interference of the reference with the object beams (Figure 14).
\
By studying the properties of diffraction gratings, all- the propertie,k‘—
~ . A A

- ° . -~ . ) »
T ---of -a thin hologram can now- be understood. - ?C[::
4 - : »
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4
\
\ . . \ :
A , ¥
Al &
- .
P . : 4
* ‘ ‘ . T
) 2
. .
. ~%
L
/' .
. . - L
‘ AY
.
» ¥
! AN
*







- ' CHAPTER IV
A ~ ' a’
THE FOURIER DESCRIPTION

) The previous chapter offered a‘physical model with which the

holographer can visualize what he-is doing in the laboratory. Far '

more elegént and useful is a formal und rsfanding of ﬁolography. This

e = - - R iR - - -

. involves a mathematical description mostly using Foﬁrier ;héiyéis,

and is well described in many excellent texts discussed in the last

~
o e

chapter. Heré£ we wish to present a qualitative model with which an
instructor can discuss formalism wit@ students in general and instill
into them an appreciation of the elegance and beauty of pﬂ§g;ca1 science.
Through the study of hologfaphy;iye can demonstrate how the sciéentist

operates between induction and deduction, between experience and formal

ideas, and the interaction between nature and the mind. We do 80

, by demonstrating that.through physical observacionhwe can come to a set

of formalisms which describes correctly what we se . Then, within the

-~ @‘
formal framework, we can work strictly on a mathemJtical level, and

arrive at ideas that can be later translated back into physical reali%y.
%

From the pedagogical and educational point of view, this is~”
: |
singularly the most important message that holography can bring,

‘ I
independent from its usefulness as an optical medium. From.past

“experience, the theoretical model presenteé here can be appreciated both

7

/
by scientific and liberal arts students, independent of thieir level of
mathematical understanding. We shall not attempt to make calculations;
rather, we shall discuss how mathematics works for us and how it fits

into the scheme of things in scientific pursuit. By using & basic set

£ of hofograms which can be constructed by the student or purdhased, the

ideas presented below can be made much more cogent and clear. Much of

19
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the presengatioﬁ‘h%re will be in parallel with-the previous chapter,

but to accomplish a different purpose. ; - ' a .

k]
B - ' -
El ~ -
\ -
B . .
t

MATHEMATICAL BACKGROUND .~ . : . :

Initially, students .will need to be rﬁ@inded of the'p;inciple of

' -
-

superposition, i.e. in a lipear system (a system which obeyé Hooke's -
CI ' " .
lay), ‘any complex periodic wave can.be constructed by taking the sum

¢ .

“

vof pure sine waves of definite frequencies, amplitudes, and phase

-relafionships. - .
- .
y L4 * . »
Consider the sine wyave of Figurg la ., 1Its frequency spectrum
3 \ s

S

L3 o i . .
(also called a Fourier spectrum), as shown in Figure Ib , consists of a

» °

zero frequency ("dc") component of amplitﬁde A(fo)=1, and single sine

*

fane&ien-{ﬂ?%hmpki&ude-ﬁ{fT}=kr~—fn-other;wuada,

% N

’ £ (x) =1 +sin (27fx). . .

A
_ - ’

Next consider Figures 2a and 2b . °These represent a ''beat note'

’

- )
which is obtained by adding two sine waves of different frequencies,

If the curve f(x) is not symmetrical w}th‘reépebt to the ﬁqrizontal .
& .- ' :
. # .
axis, it merely meang that there is a "dc" component A&fo). Analytically,

@

E(x) = A(f;) + A(£)) sin (20£)x) T A(fy) gin (2mfyx). I

It can be shown that_phe_équare wave of Figug§i3a‘ can be obtained by
[ud - >

.. [} .. .
summing all the sine waves designated in the Fourier spectrum (Figure 3b

3 °

The instructor can actually draw a few of the sine waves on the chalkboard

(-] M *
and add the amplitudes together point by point to prove this. The dotted?
.. } =§5 - *

line of Figure 3a is the center of symmetry of th ane,zgnd its
amplitude is represented in Figure 3b as the "dc" Eomponent. -The £
: i ’
component is the 'fundamental" of f(x), 3f, is the third "harmonic" -
) &

~ - . * \

o ~
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(or third order), etc. For a regular square wave, only odd harmonics are
present. The dotted line on Figure 3D is the envelope of the spectrum
which depends on the ratio between the wi@féslofréhe top and the -bottom
of a cycle.

The process of finding the frequency spectrum of a given complex.wave
is called Fourier analysis, and the corresponding process of finding the
complex wave from a given set of sine and/or cosine waves is called"
Fourier synthesis. To attain a rigorous understanding of holography, °
detailed knssledge of th1s branch 1'Bmathemat1cs is required. quaver,
for beginniqg students, it suffices to understand what has been presegged
above, %ﬁ

For more advanced students, ;he_spsctpum of a siggle pulse can be ’

»

discussed. This can be considered as a periodic wave with an infinite
[~ = ~
period. The spectrum consists of a -continuous distribution of-frequencies;

f(x) is a Fourier integral summing all fzjequenciesa of gi\?; amplitudes

and phases, i.e., f(x) is a Fourier transform of A(£2:

<
PHYSICAL DEMONSTRATION

Having provided the above background, a physical demonstration can

o . /._J
now begﬂ?. The material .involved consists of a sine grating, a "beat"
»
grating, an alternating bar replica grating, a Gabor zone plate, and a

- - & ¢
hologram of a three-dimensional scene.

1. The sine grating. The arrangement shown in Figure %4a is
used to make the sine grdating. A lassr beam is split into two components
and then recombined at an angle © to one another on a sheet of photographic

film or plate.f The 1ntens1ty of the interference pattern across the plate

. LAY
- i -
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has a sinussoidial distribution, essentially the same as that caused by

a Lloyd mirror or a Fresnel biprism. The spatial frequency increases with

sin ©

the angle © between the beams according to f = , where A is the

wavelengﬁ& of the light. 1If the laser beam were split into three

components, and the third component is recombined with the first two,

L3

‘as shown by the dotted lime in Figure 4a , the i‘rference pattern would

not be significantly changed. Since the film does not "know" whether this

component is present or not, the diffraction pattern from it has a

symmetrical order on each side. (If the emulsion is thick, the situation

B}

will be different. This point will be discussed laier.) Oﬁe is called
the complex conjugate of the other. This sine grating can be said to

be a hologram of a parallel beam of light, or of a point object located
- : :

at infinity, since the reconstructed wavefronts are the same as those
: - ) 2
used to expose the plate.

<

.

The basic principle illustrated is that the Fraunhofer diffraction

PN

patﬁern represents the Fourier analysis of she diffracting aperture, in
our case a grating or a holo*ram. If we plot the transmittance (fraction

of light energy transmitted) versus distance across the sine grating, the

curve would look like Figure la , a ﬁure sine wave having a certain
number of cycles per millimeter (spat&i;nfrequency). As discussed above,

such a wave has only one Fourier componeént, plus a '"dc'" term. When a beam

of parallel and monochpomatic light ‘is diffracted by this grating; it can

-

be seen that the diffraction pattern consists of an undeviated beam (the

{)Hc"component) plus one order of diffraction on. each side (Figure 4b

“ 2. The beat grasting. "~ The diffraction pattern from a beat grating

F
further demonstrates this principle. The transmittance curve in this
. Y
case is represented by Figure 2a" | As :expected, the diffraction pattern

*

. S6

*
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of this grating consists of two beams on each side of the "dc¢'" beam,

¢

represented by Figure 2b. .The beat grating is made in the same manner

‘as the sine grating, with the addition of another object beam from a

different angle. The patkern on the grating is just a superposition of

two sine gratings of different frequencies. If more than two object

( X .
beams are used, the beat pattern on the film gets more complex and the

diffraction pattern from it merely r;constructs all the object beams.
Furthermore, the object beams do not‘have to ﬁe in Ehe same plane.

In the foregoing description, which holds for an arbitrarily small
area in an arbiffigily thin emulsion, the film is performing a Fourier
synthesis while being exposed, i.e., it adds together the individdéfﬁ
sine waves caused by the interference between the reference and the object
"beam(s). The result is a compfex periodic wave pattern. When mono- ‘

chromatic parallel light is incident on the process;d film, Fourier

analysis takes place and the light is spread into a configuration

fimilar to that used to make thg eprsure.-‘fhié is the process of t
wavefront reconstruction.
Technically, one can say that the holegram is the Fourier transform
N . e
of an object function; the diffraction pattern of the hologram is the’;
Fourier tgansform of the grating function; therefore, thé diffraction
pattern from the hologram is the Fourier transkorm of the Fourier ¥ :

P .
transform of the object function, i.e., the object. However, this is

more easily said than understood and care should be exercised by the

-
4 -

instructor so that the students don't merely substitute.this statement

for understanding.

L 850

~
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3. The $tandard diffraction grating. (A Ronchi ruling.) It follows

that if a square wave intemnsity pattern (alternating opaque and trans-

parent bars) i§ desired on the film, Sqe ggélg obtain it by bringing.togeqher
many object begms.of correct amplituéesofrog.predetermined angles. This

is not done because there are easier ways of making such a gra&ing. ‘ °

The familiar diffraction pattern then shows the spectrum of this wave.

~

Thus, such a grating can be said to be a hologram of many point objects

at infinity. Tt should also be realized nowlthat, in principlé, we can

.make a grating whose diffraction pattern looks like anything we wish.

So far we have concentrated only on point objects at infinity

(parallel beams). The same ideas hold when the objects are near’the film

LY

(divergent Beams).

3

4, The Gabor zone plate. For simplicity, consider the interference
pattern formed on the film by using the configuration shown in Figure
Here, the object beam of Figure 55 has tpaversed a lens and focused *

at a point.- This is equivalent to haéing light coming from a point

S

object nearby. Notice tgat the angle, and therefore the spatial -

- 3

frequency, is dependent on the location on the film. For example, the

~e

spatial frequency bn top of the film (Figuore 5a ) is £ = ii&lgl and

| _ )\ :
gradually decreases to f, = sin © 4t the bottom.- Thus, the pattern
subtends a finite bandwidth. e

Imagine fog\é\moment that the film is an infinite vertical A!ane,

the light from the point object is isotropic, and the plane reference .

3

wave covers the entire film., Then there is cylindric symmetry about

a horizontal axis, and whose radial spatial object (dotted line, Figure
The diffraction pattern on the film would be an infinite set of concentric

rings, centered on the axis, and whose radial spatial frequency increases

- -

- , | s | ,

-
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with the radius. 8ince our actual film'subtends: 2 small off-axis

section, the actual pattern formed on it is an off-axis section of the

R .
set. If these rings were an alternatingly opaque and transparent set,

they would form an ordinary Fresnel Zzone ﬁlgte. .However, this set isin
,8inusoidal in character, and it will be given the name Gaber zone'piaééi
The reconsffucted wavef;ont frofh this pla;e is shown in Fiéure

One way to explain this® pattern is as follows: Consider an area on the
film small in dimension compared to’ the distance from it to the objegk /
point. During the exposure, both the refgrence beam and'an element of
the object beam arriving at this area can be considered to be parallel.
Thhs, 19callzf'the interference pattern on the film is a pure sine wave.
En'the reconstruction, light impringiné on any part of &he processed

film will have only one order of diffraction. However, the higher

. frequency regions have a larger dispersion, diffracfing light to a larger

angle. Therefore, 1{ghtidiffracted off the top o%ithis grating diverges

more,&haﬂ that diffracted from the bottom of «the grating. By cylindrical
symmetry, half of the diffracted light will converge to a point, forming
a real imége of the oriéinal point, while the other half diverges and

forms a virtual image of the same point,
. 3 M £y
Pﬁotbgraphical}y, an object can be considered as a set of point

[ Y

sources of light located at yarious disbaqces from the film. If a

-

three-dimensional figurine is substituted for the pqiﬁt object and

illuminated by laser light, each point on it will reflect light onto

the film and form a syséem of rings described above. The film would

add together, or integrate, all the sets formed by each point on the

|
’

object, i.é., the interference pattern formed is the superposition of

all individual sets. In the reconstruction, each set of rings forms a
4

real and virtual image of a point, thus creating in total a real and
. . v

-
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A}

- virtual image of the entire object. //,

5. The hologram. " At this point, an actual hologram of a three-

dimensional scene can be shown.

RELATIONSHIP BETWEEN SPACE AND TIME DOMAINS IN INFORMATION THEORY

For those who are familiar with radio theory, it should be realized

)

at this time that it is strikingly similar to the theory of holography. . T
Although radio is a time.dependent wavé'pﬁenomenon and holography is
space dependent, both are described by the same communication theory. ‘ .
The almo;t trivial mathem;tical difference between the two is that one '.. T
- 5

. bd

operates in the time domain (having t as a variable):whilqathe other

. . . v .
operates in the space domain (having r(x,y,z) as a variable) of the

Fourier transform theory. . ¢

»

To illustrate this point, let us enumerate some phenomena exhibited

in radio and relate them one by one to holography:

w3

1. 'Bandﬁtdth. As described previously, a hologram has in general N
a continuous range of spatial frequencies. Thé bandwidth of the |
arrangement sﬁown in Figure 5a is fif_sé < f< iiﬂ:gl . For a three-
digensional object, the bagawidth depzndéﬂon the é%t{\me'ahgles between -

the reference beam and the rays from various parts of the object as they

intersect on the film. Therefore, for a given reference beam direction,

the bandwidth of the system increases with the physical dimensions and

»

the proximity of the object and the film. -

2. Noise. Stgtic in radio is well known. The spatial equivalence

A .

is the smydgy appearance, the whirls and rings that can be seen on a ¢
hologram surface which have no relation to the pertinent information *
recorded. They are caused by tHe diffraction of dust particles and

dirty spots ort girrérs or lenses used in making the hologram. @ .

-

S Y _ 6;,) ' ' -

e
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3. Filtering. A narrow bandpass filter can be used in radio to
eliminate the noise in the carrier. Similarly, this can be done ih
holography. Consider Figure 6 . A parallel laser beam is reflected by a
dirty mirror and then focused through'a dirty lens. The unscattered beam

converges to a point of typically a few’micrqps in diameter at the focal
plane. ’The images of the dust particles, however, will occur at thg
conjugate foci, not coincidenttditg,the focal point. Therefore, a
simple pinhole located at the focal point will selectively pass the
original parallel beam and séop the noise.

A meaningful demonstration on a dark field illumination in
microscopes can be dome using the simple arrangement shown in Eigure 7
In this case, instead of the narrow bandpass filter described above, a
na;row bandstop filter,.i.e., a small blackened pinhead, is used. The
laser beam is first diverged by a microscope objective and rendered
pgrallél again with ; larger lens. The object (a fine wire mesh, for
example) is p}aced in the larger beam., The next iens converges the
undiffracted ”d;” beam into ; Roiﬁt, which is blocked out by the
// ;inhead. The diffracted\light, however, is focused at the: screen,

‘ placed at the conjugate focal plane to the object. An image of the

R . object will then be seen without the bright direct light. By carefully'

moving the pin along the optical axis of the system, phase reversal

-

can be seen as various orders -of diffractign are cut. off.

4. Fidelity.. The amplifier and speakerlsystem in radio is
considered "Hi-Fi" if it has a wide passband without distortion. \This
is also true in optics. A lahger lens fas better resolution (fidelity)
ﬁﬁan a sma%l one bgcause it gather a larger number of orders of

3

diffraZé}on (more harmonics) from the object and recombines them at

. 3

L the focal point. The lower limit of resolution is realized when the

I 63. y,
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aperture is so small that only the "dc" component gets through, which

carries no information. The lens here is performing a Fourietr synthesis and

a Fourier analysis all at once.

The.size of the hologram, then, determines to a great extent the
-

ultimate resolution of the image. -Although every pieéé of a hologram

\

gives a complete view of the object, the resolution decreases with the

a4

decrease in dimension of the piece - because the bandwidth is being L

- »

naérowed. When a piece is small enough, onlylthe "dc" component can
come through. This point can be"demonstrated by directly covering
a hologram with a black card Qith various sizes of holes in it.and
observing the image through tﬁg individual holes.

v L 4
(3. )Ehcoding. A radio message can be '"scrambled" by giving an

auxiliary modulation to the carrier. The same can be done to a

a

‘hologram by inserting a very irregular piece of glass in the path of
reference beam during_expogure. Tge plane reference wavefront’is
warped. In viewing the finisﬁed holog;am with’a plane wave, the
image is '"scrambled." However, if the same piece of glass is used

in the reconstruction, the true image of the object is recovered.

6. Sideband suppression and multiplexing. A sinusoidal carrier

)

"has two sidebands. A radio channel can be multiplexed by modulating
each sideband independently. How this can .ake place in holography .
Will be explaineq‘in two steps. N &

(a) Sideband suppression. Figsre 8  depicts a more realistic
picture of a hologram construcéion because it shows the emulsion having
a finite thickness. For exémple, 8@75 plates have emulsion thickness
of about 6u. For simplicity, éon§ider two waves interacting on the
emulsiqn as shown, where the dotted lines indicate the crest'of the

waves, On the surface a sinusoidal diffraction pattern occurs with

s &6
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antinodes located at lines (into Ehe drawing) where the crests meet.
On the plane immediately behind the surface the same pattern occurs
but is slightly shifted upwardg. As the waves travelehrough the emulsion, I
nodal planes are formed, as shown by the heavy diagonal lines. Wheg the
emulsion is exposed and processed, these darkened planes behave as

venetian blind§ and suppress one of the sidebands. The:-effectiveness of

the suppression depends on the emulsion thickness and density after

)

development. If the plane object beam is substituted by a three-

dimensional object; and a hologram is made, the real image is suppressed,

but not lost. By turning the hologram backward, which reverses the

e

direction of the blinds, the real image can be prOJected onto a screen

-

and the v1rtua1 image is suppressed In practice, this can be done ,

.

easily by illuminating the backward hologram with a narrow laser beam.
The small spot of the holqgram"used causes a sacrifice in resolution,
but depth of field is gained in the projected image. .

(b) Multiplexing. During construction, the once exposed photoplate , -

can be turned upside down and a different object is used for another

exposure. In this way, each sideband is modulated separately and the ~
- [ R e
finished hologram will show two completely unrelated pictures, dependlng

‘ ‘ on its orientation with respect to the illumination. To avoid (cross- S

talk), g%e angle between the referen?e beam and the object beam should

be sufficiently large.gnd the physical dimensions ofdé%e oﬁ?ect shouid

be ﬁrfficieytly_small. (In other words, the frequency domains of éhe

L\ {ﬁtwo scéle% ﬁust not 8ver1ap.) .

. / At this point. we :7n”ptilize the fact that the space domain has

‘.:’ three dimensions, wher-;% the 'time domain ﬁ;s oﬂly gﬁe. When one looks

out at night through a square mesh wire screen window at;f street lamp,
. . . %

one sees a diffraction pattern resembling a-cross - there are many orders
- S

d of diPfraction both in the vertical and the horizontal directigms.

[RIC T
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/ ’

o because the screen is a two-dimensional ,squate wave,

’

which has many Fourier components. If the transmittance of the screen
had been sinusoidal in both directions, there would be a total of four
sidebands, located symmetrically around the lamp. This means that :

b
after the initial exposure during a hoFogram construction, the photo-

. >

plate can be rotated 90 deg. at a time until fo%r completely aiffgrent
scenes a?e recorded, one on each sideband. 1In fact,'ény nupber of »
independent scenes can be recorded in principle by making a smalief
rotation o; the photoplate after each exposure, the limit being the

, overexposure of théhéﬁulsion and the occurrence of cross-talk between

adjacent scenes, Overexposure, however, can be remedied to a degree

by bleaching ;he,finiéhed hologram in potassium ferricyanide or
mercuric chloride, changing the "amplitude hologram" into a "phase
hologram." The "latter is similar to a transparent grating having on

it a pattern of variations in thickness and/or index of refraction.

Everyone

7. Tube characteristic versus film characteristic.

is, to a degree, familiar with the characteristic curve of vacuum

;ﬁf,tubes and how it affects the transmission of information in radio.

{
A strikingly similar consideration occurs in holography.

.

Figure 9
shows the characteristiC curve of’a typical emulsion. ‘We can consider
the reference beam as a '"dc bias" which éxposes the emulsion uniformly
to the”center of the linear region of thé curve (vertical dotted line)

> and the object beam as a modulation. For a given emulsion, the total

.

@
" exposure as well as the ratio between the intensities of the reference

>

and object beams must be correct in order to ‘transmit the strongest

signal ‘without distortion. For 8E75, the correct intensity ratio

between the reference and the object beams M approximately 6

-. depending on the bandwidth and other factors to be discussed later. .

' 69 ' :
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¢ ’
If the film is overexposed or overmodulated, higher harmonics can

be demonstrated if a hologram is made with a small reference beam
angle relative to the object. The result is that second and third

order diffraction can be seen, showing non-linear response.

RELATIONSHIP BETWEEN THEORY AND PRACTICE
The preceding demonstrations sufficiently show that the Fourier

description fully applies to hqlbgraphy. At this point, independent .

of the background of the students, it is fruitful to both show and .

A
discuss how one might obtain physical ideas.from pure theory. It is

4

both dramatic and informative here if theé instructor arbitrarily pulls
out some mathematical theorems from anly standard text on the mathematics
of Fourier analysis. For simplicity,-following is a one-dimensional

pair of Fourier transforms where x denotes the distance across a one-

o ’ 4 ‘

dimensional'hologram and @ is the spatial frequency in units of lines

per méter.
: ® -iwx

: f(x) = j A(w)e dw

©

iwx
§ f(x)e dx
Jom e

Alw) =
This théory is aeveloped well over a century ago and we wish to
show that’it applies to our present subjeéﬁ. We proceed by arbitrarily
selecﬁing theorems derived fro; this ﬁransforméd paff and)a¥k the follow-
ing.qgestion:~ What dQes this mean phy!!cally?
Take the First Shift®Rule: " If A(w) — f£(x),
\ then £(x-b) ~ elP%a(y),

Physically, this means that if x is changed by a constant distance, b,
the Fourier transform (in the freq;ency démaiﬂ) the ﬁynction is not at all
changed except by a phase factor. If the t;an§form is sqﬁared, which
represents iptensitx rather than amplitude, the phase factor drops out,

leaving the function A2 () unchanged. This can be physically

- o« . -
demonstrated by moving a sine grating across a beam in a direction /

. e
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strictly perpendicular to Ehe lines on the‘grating, and show ﬁhat
the diffraction pattern on th% screen is not &t all changed. This

s 1dea resulted in a very useful application in RCA's Selecta-Vision
system which uses holography to record television programs.

Essentially, a sequence of holograms is made of corresponding

-

sequential frames of a standard motion picture. The projected .

»

image from the hologram wiilwbe completely stationary so long as a

v

laser beam is scanning across a ;iven Qologrém. As it jumped to the

" next hologram, the image is abruptly cﬁanged and then again remains
R ;

’

( ‘stationary until the next hologram is scanned.- This means that the

holoéraphic record can be transported at constant speed, unlike

{

motion pictures, which require beam chopping ahd uneven motion.
Another illustrative example is the Convolution-Theorem:
If £1(x) = A (W) and f5(x) ~'Ay(w)y,

then f@ £1 (T, (x-T)dT = /o Ay (WA, () .

Thus when one function. is convolved with another, it is

equivalent to a simple product of their transforms in frequency space.
. 2

Figure 10a»shows.an'app1ication of this idea. If an object is located
behind a highly wa;ped piece of.glass and a hologram is formed this way,
the sﬁbsequent viewing of the hologram will yield only the deformed

image. We here illustrate the convolution between the light arriving
k] - . >

from the object with the screen’. The image can be retrieved by a

brocess of de-convolution. This ig accomplished by projecting the
{ ,

/feference beam precisely backwards through the hologram (Figure iOb)4‘~

The diffracted light goes backward thfough the warpéd glass, which

decodes the image and forms an undistorted image on a screen located

/ -

at the position of the oxiginal object.

~

)
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The preceding are but two simple examples of this. The student

wilLﬁbe highly enlightened if he goes further and éhecks on other

theorems to find physical meanings. Indeed, it can become a game,‘

if one takes an electronic text and substitutes at the location of
, o .
the time variable with a space variable and tries to conjure the

physical meaning arrived from this change. .

The existence of the‘symmetry between the time and space domain . 7

1

in information theory is not accidental. It.is part and parcel, in

2

fact, of thg‘way in which waves behave. And all these ideas have

been summarized in a nutshell over a hundred years ago by James Maxwell.

~

Indeed, the phy31cs of communication systems, whether they operate in
the time or space dgealns, are derivabhe from the basic Maxwell
equations. The realigation and the appreciation that the human

- . . EF ) \

mind can perform such grand analysis and synthesis is stfficient

-

to put religion into holography. N




CHAPTER V

\\\ Material Requirements

.

»

The title of this chaﬁter implies that what follows will be merely

a 1{§t of hardware and software. Actually, a detailed understandin

embodies an inekﬁiﬁftible/;mount of physics from the theory and operation

of mirrors and lenses £o the‘quantuﬁ theory of the laser. Mjnimally

!
-

=

3

_the student needs to yrderstand the simple theories of reflection, refraction,

and ‘simple lenses. More ddvanced studies involve polarization, the electro-

’ .
.magnetic theory of reflection and transmission from dielectric and metallic

- . v
. [y

surfdces, operation of the laser, as well as the chemical processes involved

in develoﬁing the film. £
One of the greatest inducements to include holography in the science

©

¢
curriculum is its low,cost. A great deal can be done with a tota%\budget )

-~

of approximaéely $250." For schools that already possess a suitable laser,

a budgef of $150 will suffice to start a program in holography. Furthermore,
! BN N

H

the material listed below is easily obtainable and ‘can be assembled with

minimal skill, using common tools. ' * &

On the other extreme, sophisticated components are now available which

+
~% M

can exhaust an&—budget. The philosophy in this writing will be to
™~

emphasize the ‘inexpefisive methods. Assuming that once money is availap%e,

one céngalways easily educate himself to spend it.

A '

As is usyally the case, greater expense dogs not insure proportionate

1

success. For example’, a simple g}ndowpane variety glass makes a better

beam splitter than a host of much more efgensive items. Much depends on
’ ~

u

the iﬁgenuity‘and the depth of understanding in the function of each

component.
»

’
-

What follows is a basic list of material required, with some genéral

’ B )
emphasis on minimal requireirent and expense; _
Vo ] oy M
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General Hardware

For a sandbox system; most optical components can be mounted by
attaching them with modeling glue to 2-inch diameter PVC pipes qrtainable
N ; ‘

from construction companies or hardware stores. For systems with a hard-

surfaced table, #t is useful to have a good collection of rods, clamps,
D .

right-angle clamps, and stands.

Vibration-Isolated Table

A low cost, versatile holographig table can be constructed by using
l«inch thick plywood (or any well-aged lumber), and construct a 6 x 8-inch
deep box. .The other dimensions might be 21x 3 feet or 3 x 4 feet. In
general, it should not be larger than what can go through a lecture room

“—or laboratory room door, gut large enough to acc@ifodate the laser to be
used. In general, this type of system should not exceed 5 feet in ;ither
dimension because stability will begin to éufﬁeg.

This table is'then filled with white siiica sand, 5 to 6 inches deep.

This type of sand is®generally used for ash trays and is obtainéb‘e from

- #

construction companies or your janitor.
Underneath this sand-filled box should be two to four 12 to 20-inch
diameter. inner tggﬁs inflgted to, their normal sizes. They are‘go-cart
+ or home tractor inner tubes and are é%ailable\klom NAPA dealers as well
as Sears Roebuck & Company. i

’ For general versatility,' this whole system J&nner tube and sandbox -

can rest on a movable laboratory table so that it can be wheeled from

-

lecture demonstrations ,into laboratories. . T .

One of the greatest advantages in using the sand system is that

i . ¢

S o ,

P‘} . -
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, o

almost all the components £o be used in it will be mounted:on PVé pipes
and will not be useful for any other purposes. This avoids scroungers .

that are abundant in every sciengg#department.

A4
However, an equally suitable and generally more useful table can be

'Y \ ——

\

constructed by resting on inher tubes, as mengioned before, any type of

hard and strong surfaces. f&is includes steel plates or even cement

.

slabs. In general, mass and rigidity are desired. For this type of

/

table, components can be mounted on rods and clamps for height adjustment.
On the other hand, PVC pipes used on the sand table will hold their

positioﬁ easily, at any aﬁgle, since the inside is filled with sand.

Laser . L\
B -

Although laserg are now‘obtainable with outputs in any visible color,
[
the time-tested lowest cost and highest reliability laser is the helium

N L
LAV ’
Ay

neon (ﬁeNe) laser. The cost starts from $110 and up. Although the

)
[

lowast cost one will make simple holograms, the general rule is that
| .
the greater the output, the greater variety of holography can be performed.

/ .
In general, speéigy a laser which operates ift the TEMOO or uniphase mode.

.

This can be checked by p;ssing the red light from the laser through any

[N

type of simple lens and observe thé enlarged spot on a screen. There

should be a well-defined round spot with the highest inpensit§ at the

middle and a smooth decrease toward the edge. Move the lens slightly
Y

to discern dust diffraction patterns from the beam structure. The laser

i
should be rejected if it has,§ dark spot insthe middle or if the beam
consists of several spots. '
' Lasers of this type can be obtained with polarized or unpolarized
.

outputs. If a choice is available, the polarized output is generally
l,? ~
,\ ‘ .




more useful; although either type will make holograms.

Front Surface Mirrors
\

Only front surface mirrors should be used for holography. If a

bathroom-type mirror is used, the front surface will reflect a portion of

A ——

the light as well as the back surf;ce, causing two beams which interfere s
th égch other. In generaf, a minima& system requires two small (below
1 x 1 inch) aﬁd one 1arée (4 x 5-inch) mirror.
The quality of théirlsurfaces is important and can be checked simply.,

With a beam expanded by any lens, reflect it qp a distant screen with the

mirror under test. The diffraction patterns caused by dust and scratches °

on the lens or the mirror can be discerned readily by slightly moving the

;LR T
twd <components. There should not be additional diffraction patterns,

. N ‘
observed as mottled patterns, caused by scattering of the surface.

! 13
The mirrors can be mounted oh PVC pipes or glued to a metal plate on

~which threaded'rods canlbe attached.

® ' . * ! ) -
Beam Splitter . .
=y L 4

R ﬁﬁéurprisingly versatile beam splitter is a piéce of double weight

windowpane glass: It reflects approximately ten percent of light incident

at 45° and transmits most of the rest o, By using a sufficient thickness,
. . N

the two reflections from the two sur faces will give well separated

laser beams. The weaker one can be sacrificed by blocking it off.
This glass, which need not be much bigger than 2 x 2 inches, can be again

-~

mounted either on a PVC pipe or held in a lens holder. Commercially a

great variety of beam.splitters are available in the forms of cubes,
P4

segmented discs, graduated discs, and cemented polarizing crystals;

~



Film Holder ‘! .

»
For film below 4 x 5 inches, it can be held between®glass plates

'
A

equal or larger in size and clamped-at the edge with black steel paper

j

clamps obtainable from stationery stores.
two glass plates used should be larger than the

glass can be directly stuck into the sand for positioning.

1

For a sandQox system, the
so that the extra

For hard-

surfaced tables, the clamps, when moved to the bottom of the glasﬁ

. N

can serve as stands to hold the film vertical. To make larger holograms

— g

Lenses

To spread out the beam so that it* covers am object to be illuminated

on film, vacuum platens are required. ‘ o

e

or a piece of film, positive or negative lenses can be used. Since wé

- desire generally to spread the beam out in a minimal distance, lenses

»

“«

BN N . .
with the shortest foc lengtbs are desired. For low cost systems, double

concave lenses with
'

1 diameter and focal. length can be used.

For

- more sophisticated systems, microscope objectives with powers of

s 10 or 20 are suitable. 1In general, at least two lenses are rgquired for

.
-

L}

each system, :

Spatial Filter

-

In general, all optical components have dust or scratches on them.

This causes laser light to diffract, resulting in noticedble patterns

in the beam. . Althouth thigadoes

A ’

it does cause spatial noi _To

Vd ~ .

is used,

‘ ith a suitable pinhole

cuts off\gfi ttered light and

O

ERIC - -

s .

not prevent one from making a hologram,
minimize this effect, a positive lens

located at the focal point. The latter

,

J
permits only the direct beam originated

.

from the laser to go throughg For learning purposes this device is not

4
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/ L ‘ . .
- ,
necessary initially, but becomes desirable when quality in the final

’

hologram becomes crucial.

Most commercially available spatial filt rs use a combination of a

~
- “a

10-X or 20-X microscope objectives in combination with a 20 or 10 micron

pinholes, respectively. 1In generai, ‘the micfoscope objective is moved

with a micrometer along the beam direction while the pinhole is

®

microscopically positioned in the other two directions.

Diffuser =,

{
* For even illumination of large scenes and for the artistic effect

» o gm .
of soft lighting, a diffuser in the form of a 4 x 5-inch piece of greund

or opal glass is used. Once the beam has been expanded by a lens to a

.

diameter exceeding one centimeter, it can then be diffused to illuminate

a large area. In general, the larger the spot size on the diffuser, the

- ' b 4

'

smoother the illuminatiorr will be on the object.

|
I
.

Shutter

-

For exposures of&%-second or longér, the most effeéctive shutter
is atpiece of black cardboard. It can be used by placing it directly

in front of the laser\while the film is being positioned, and manually
’
)
operated during the exposure.’ For shorter exposures, commercially
‘ ¢
available electronic shutters can be used or, if available,,a focal
£l

plané‘sh%fger camera body can be used. In the later case, provisions

should be made so that the shutter is mounted not on the holographic table,
-3 -,
but directly on the  jtable that supports the entire system.

a
. . ’

Expendable Material =~ -

, v
Expendable materials used for holography include film and processing




.

chemicals. ,Film is advocated ‘over plates for educational purposes

because it can be cut conveniently into small pieces for testing purposes.

Although emulsion coated on glass plates is available, they are in -

A

general more expensive and cannot be‘cut easily, . ‘
The film used for reflectibn holograms must be without anti=

" halation backing (8E75NAH). On the other hand, trénsmission holograms

e
are best made with anti-hélation (8E75AH, 10E75AH, 20E75AH). If one is

~

~

2 cbnﬁined economically to purchase only one type of film, the non-anti;
k\halagion one (8E75NAH) is the choice because it ;an make any type of
hologram. | ,’ .
All processing chemicals are available kn photographic supply , RN
outlets with the exception of mercuric chloride,‘which car'be purchased

-

from chemical supply houses,

Support Facilities

Holography should be performed in an interior room whixch can be

darkened and without excessive cross ventilation. If water is not
LY

available; exposed film can be placed inside an opague box and carried

¢ » o . - 4

into another room for processing. In the event that there is strong »
‘ * < 5

cross-current caused by the ventilation system, shrouds should be placed
around the holognghic table in the form of curtains with cloth or
plastics. The éupport for this shroud can be constructed with 2 x'4's

and should not touch the holographié table. © ~ . /

Other Supporting Equipment . -

i -

The following items are desirable, but not absolutely necessary:

¢

(1) Light.metéf.' Gossen's '"luna-pro' is most highly recommended.

It has the greatest range of sensitivities, suitable with the smallest

i

. st 4 ) ,
or the biggest lasers. Other light meters can’'be used if they tan

~——

~

register light reflected from the object to be holographed.

.81
Vo C

€ .




»

. . -
> ﬁ ’ \..
' . o ¢

- (2) Green safe light. A green safe light can be fashioned by

. covering a desk lamp with a green gel and operated from an auto-
B g - .
wwﬁ&ransformer.
N
- o (3) Piece of polaroid for checking thegpolarizatio% of the laser
light.

G .

(4) Two ﬁgg;)&~gf nylon cord or string for ﬁeasuring beam path

lengths. <, .
v &) Phogbgraphic processing trays. If these are_ not qyaiﬁable,
glass beakers will suffice for small holograms.

(6) Photographic prongs and film clips for holding onto the film

whiLé procéssing and hangigg them up for dryingh
. ’ M i LY
" (7) A photographic squeegee for fast removal.ofﬁyater from the

-~

processed hologfam.

. '
” &

(8) A hair dryer for quick drying of thﬁﬁbrocessed hologram.

.

.(9) A microscope illuminator or a spot white light source for
s ' :
viewing reflection holograms.

FY R

(10) Rubber gloves “for handling the film during processing.

A

v . .
.7
.

Sample Shopping List

N ' For thé .convenience of startiné a holographic program with a

¢

minimum budget the following ing list" is offered., Equivalent

[+ . i
A\\\\\_\\\\T?teriab can be substituted if it is already available. It is true -

that specific mention of vendors will not permit bidding. On the

[

other hand, those named below, to the knowledge of the author,;%fg o
fering the lowest price. 1In several cases they are the only' sources,

for the items described.
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CHAPTER VI

o - . - ’ -
Preliminary Experiments .

-

»

The followiﬁg preliminny/Sxperiments accomplish two major purposes.
7 .

B .
Firstly, they allow the student to fam;}igziie himself with the system
I . :
he is about to use, its tolerance to vibration and other environmental
[ . - . . “

factors, the characteristic and 11m1ta;10n of the laser being used, and

the&maklng of the most elementary but useful type of holograms. Secondly,

J
&
he is induced to perform a set of experiments that involv&basic exercises

. Physics students hayé been traditionally required to perform. These in-
clude the use of the Michelson interferometric technique to check the

dimensitnal stability of and the envirommental effects on the holographic

) s;sté ; the measurement of the so-called cohe%ence length of the laser

-
'

by measuring the frequency difference between two adjacent frequencies

“.ttted simultaﬁeously by the helium neon laser (this equivalent ex-

v -

periment was traditionally done using the sodium D lines and a Michelson ¢

.
-

inﬁerfegbmeter); and the making of diffraction gratings using holographic

. \
S . \ . -l
techniques. The last item allows the students to make gratings with

higher resolviné powe! than immediately obtainable from traditional ruling

techniques used to produce them. // ‘

Michelson Interferometer . . i’ . ‘

) ‘ ~ .

- For convermience, leg us fi up a standard set of notations

for optical components u;\d 1ng our exﬁgglments and for making

.' . holograms. < ) - .

'
’

e
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In pverforming experiments in thid chapter, the pinhole is opéiqﬁal and the

gfound glass-will not be used, ¢ -

¢

Figure 1 shows a scheﬁatic diagram for checking the dimensional

stability and the response of your sys¢em to the environment. Since the

v '

laser is the most vulnerable and usually the most expensive piece of

equipment in the system, it should be ndled with utmost care. 'It

-
2

should be situated first on the system”Ir_such a way that it is unlikely

o N \ ' 7 *
to be touched in subsequent activities, In case a sandbox system is used,

)

the!ﬁaser should be set on top of a board. Never allow the beam to cross
: ) o

over the top. of thé laser because the heat waves will move it. For unéts
. _ ' 4

that have open vents which leak incoherent light from the laser tube,

A
covers §hou1d not be placed directly on top because it would cause oyer-

’

heating. But rather, a shroud should be made to direct thé heat away,

from.the table, yet shielding .the iight from the rest of the system. In

“

L J
order that a great portion of the table is tested, the distances between

v

the beam sp&itter a

0
R

the table and should be equalized within a few millimeters. " These ‘

;50‘mirrdrs should cover a greater portion of

°

et

distances can be measured with a meter stick or a string. The basic

., technique im obtaining an interference pattérn on & screén or.a piece of
) B - - a ~ .

v

white paper across the room ®nvolves first placing the beam'splitter
(plate glassj at a 45° angle relative to the incidenf beam so'tﬁat there

willgbe reflected and transmitted beams making approxikately 90° with

1 B .

. . 2
5 VI - 2
. _ \ C o
Lttty Front surface mirror E:==%F::1 - Lens ?
—_ Beaﬁysplitter ------- Ground glass .
i{Zi::::::?> " + Lens . B — Pimhole
:E Laser g———~— - ‘Hologram, or _film
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\ ' .
each other. Next, place the two mirrors at equal distances from the beam

. '6
splitter and direct them in such a way that® the light returns from each
: . .
mirror meeting at a common point on the beam splitter. .Parts of these

K

‘two beams then will meet on the screen. It will be noticed that there-
are more than two spots because of the two surfaces on the beam splitter. .

Merely ignore™ spots other than the brightest one from each of the two
mirrors. The lens, which can be positive or negative, .«an then be placed
. ¥ . ' .
at .the location showm. The, diffraction pattern consisting of almost
b 4

.straight red and black lines will appear on the screen.
One precaution that should be taken is that light from the mirrors
should not be directed-at the beam splitter in such a way that some ‘will re-

enter the laset. Ihstabilfty in the amplitude of the }aser output will

[
.

result because (Zf this feedback.
. . ’ .
For the system to be usable for making holograms it is absolutely
N L4 - - M '«
necegsary that this interference fringe pattern observed should bé

\ ! .
statfonary. If, for example, a dark 11ne is observed to move either. N

slowly or quickly into jp 1ocation of a red 1$he, it is equivalent te¢ the

complete destruct1onwof a pa}tern being recorded on film late% For a .-
¥y

system supported by iqner tubes as, suggestedq§§ a pgevious chapter, these

2

fringes should be stationary. .If not look for mechanlcal sh/;[’circuits

Such¢as having a hard object 1ean1ng against the table from the support.e

By touching tbe table one tan obserye fringe movement and the time,

-

| . ) 1 , X
it takes for this movement to subside. This is the relaxation time of

.. ) . L ¢ . »

o

r‘/ your system. Subsequently, each time you ,touch the table, you must wait

~ B .

k]
at least through this period of ‘time béfore mékigg\holographic exposures.

Next, walk around the room and. see ig,your'movement induces vibration
\ \ . A . .
in the system. In dddition, observé& the effect‘of the movement of air

- o-88 7 Coes

-
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you created either through your motion or the ventifation. Placing a

' \
hand under one of ‘the beams, &ou can demvnstrate the effect of”heat

waves on the fringe stability. Observe also whether or not, after the
. ’

fringes have been shifted due to induced motion, they return to the
same location on the ‘screen. If they do not or if the friqges are

slowly moving across the screéﬁ, never returning to their or{Zmal

3
¢

4
positioR, it means that the system is continuously deforming. Such a
. ' Es) , . .
system will not make holograms, or at its best will make only poor holograms.

The introduction of an additional number of inner tubes underneath usually
improves this.condition. .

. Y
. Coherence Length

With the bagig set-up already-achieved, we now can groceed to measure
the so-called cohefence length or the tempdral coherence of the laser.

As is the “case. with any resonant system, such as a vibrating‘striqg or ean \1
4 B
P .

organ pipe, the laser is naturally capable of emitting more than one

- -,
s "
*

frequency simultaneously..e In fact, this is unE{Bidable for the smallest
helium neon laser in the market. Thex typically emit two to three fre-

quencies. The frquency difference can be calculated using-the same

for'mula. developed .fo' vibraging s'triné or the organ pipes,.

,' <
- e P Of ='C / 2L o ) \

_Hete Af is the frequency difference between adjacent modes; C, the
. o !
velocity of the wave involved, in our case the velocity of light; and

o
.

L is the length of the cavity, which in our case is the»disﬁance between

’

the twd mirrors inside the laser. Thus, for a 50 cm laser, the frequency

differpncé between adjacenh modesias approximately 300 MHz.

]
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7

For simplicity let us aiiume that your laser is emitting a beam

consistﬂig of two frequencies differing by 300 MHz. Each of these

frequencies is making an iogependeht interference pattern on the screen.
. ¢ .
4

In the event that thq two mirrors are precisely*pqual in distance from

»
v

v

the beam splitter, the fringe pattern on the wcreen will be precisely

the same regardless of the frequercy. gHo_wev!‘b if the pgths were not

equal, there will be a case of-anti-coincidence WhEEF the bright line
. . [ Iy .
from one set of fringes is located at the dark line of the other, re-

v -

P

sulting in the compléte disappearance or low contrast in the observed

pattern, This, in effect, means that you may have é perfectly stable

system and yet¢make no holograms, because,in effect, each frequency in

-

your laser 1s making an independent hologram which i’ncels out the other
‘one. ° . - A ' )

~ ¢

It is useful, then, to know how much tolerance your 1as%t has, d

which ultimately determines how large an object you cgn use for the ) ‘
scene in your hologram. ' , . ) ‘

<

The procedure for measuring this th?Pence 1ength is-as follows:

. \\
Begin by moving both mitrors very close to the beam splitter, but

&\
with anvequal distance as measured by a meter st1ck, thus obtaining a

-

high contrast set of fringes on the scteen. Now move one of the two \S

J ’
R - M " ‘ L3
mirrors a centimeter at a time and stop to observe the fringecontrast

4

. ~ . A '
each time. As the difference in, thé] paths increases, the loss of contrast

3 B ~

will become obvious. Continue to move the mirro¥ until‘thi contrést is |
maxin%zeddgﬁabaagaln. Operationally, you can define the total path

.

-
¥

.difference as the coherence 1ength of -your 1aser. Since the béam

. ]

.passes from the beam splitter to the mirror and back, the coherence }
14 Y . I
A -

length is-thegtequal to twice the ,net differenceé in mirror q;st&noes\(b’
from the_beam splitter. »

. .
- .

. N . ’ c'.
- 90 - -
N ~ .

' ) . . .
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‘ 2 -
“ 1f lasers of various lengths are available, a useful and instructive

experfbent is to measure the relative coherent lengths among them and. e

.compare[them to the 1engthsi%f the laser cavities. It should bear out

’
'

the fact that the longer the 1as££, the shorter the coherence length.
. i )
wq learn from thi§ experience Fhat in all our subsequent work in
-, ® ‘ . I' . .
which on beams are to irnterfere, the distan%s that they travel, be-
. " . b '

ginning from the ﬁeam splitté;, must ﬁe equalized to optimize the frfhge
-

contrast. ] . »
N B o
Making Diffraction Gratings ) .- ! ‘ : e .
’ . . . .
<j/’ Le now proceed to make the simplest of all holograms - a diffraction .

-

gratﬂng. In doing so, we will be learning about gxposure and processing

\ e . ¢ . |
techniques that are ,common to a}l future experiments. : .
. A N
- Figure 6-2 shows a configu\ation for forming a so-called single side- -
¥ ' - ' o ! .
band sine grating. «py directinl two beams separated at a 45 angle onto

¥ .

<. i
a holographic film, an interferenc@§pattern in the form of parallel

straight lines 'will be formed,

.

Assuminé that 8E75 anti-halation film is uséd, we E?g%aiby discussing
., [ . . o G

- éh; technique of film handling. -
Since this emulsion has a sensitivity of'appfoximately 200 erg/cmz, . \}'“
« thcheis low compareé to photographic f;lm, it allows sufficient amourt -
- of room light present witbout being fogged. Thus this film is suitable . ‘~ *

-

for lecture demonstrations where an instructor can construct holograms

" in full view~of'gn‘audienc§, if proper safe lighting is_@?ed.
¢ L3 . . , - Y
Assuming_ that no sensitive (expensive) light detectors are available ‘L

. ‘// ‘ fud . 4 - 3 -
A . ) -

/ our entire procedure can be perfgrmed in, the following way. Enter a

e completely darkened room and allow five to ten minutes for dark adaptation,
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s Then slowly turn up the voltage on a desk lamp by having it connected to

° . .. -
an autotransformer, and direct ‘the light on the floor or at a distant

wall. When the light level is reached so that ene can barely see all

that gdes on and without stumbling, it E@ safe for handling the 8E75
/A
emulsion. If.a green gel is available, it can be used to cover the lamp.

f . - .
In this case, a,great deal more light can be used. 1In casg of doubt,

_piacé a piece of film on the holographic system and expose it to the

ambient light for ten minutes or so and develop it as if it were a
transmission hofogram (Appenﬁ}x I). If after the fix but before the

bleach, this .film is visibly darkened when viewed agaiﬁst a bright
-
background, then the film has been fogged. Otherwise, it should be

é .

almost perfectly clear. T .
+
Under this condition, film can be cut and sandwiched between glass

'Rlates held together with paper clamps. Prior to its exposure the laser

should be warmed up for at least %~hour and extraheous beams reflected

4 :
from the second surface of tha beam splitter should be cut off by
s N » . '
placing opaque cardboards at the desired locations. For optimim results,

a 50-50 beam splitter is desirable over plate glass, although the latter

.

will perform satisfactorily. In these as well as in all future procedures,

the laser should never be turned off prior to exposure. Instead, a black "

cardboard should He used ‘to cover the beam at the exit of the laser when

LY A

the film is put into position. \

4
»

\ In making the exposure, the card is lifted off, the table but remains

blocking the beam through a relaxation time, and then the exposure is made.
Kl - .

M o

This method is satisfactory for exposures %-second and above. To determine
- k]

the cg;rect exposure, the well-known 'setp-wedge' technique can be used.

. ' ]
It can be done, for egampls, by making different exposures to ?everal‘

.
r

Y,




.

small pieces of film,)each time'doﬁbling or halving the exposure time.

’

After processing, the 'correct density and, therefore, exposure can be

chosen. 1If X Gossen Luna-Pro meter is available, a reading of 14, when

5

aimed at the strongest direct beam from the }location of the hologram

N ¢

without the diffuser, indicates an exposure of one second. With this,

-

oné can extrapolate all other éxpoégres. A'reading of 13 means 2 seconds,
15 means %-second, etc. Without the Luna-Pro but with gther meters, the

step-wedge test can be performed for calibration. If a neutral density

A

scale is available, it can be used to compare with your engsure to

—— ¥ b

determine what the density value of l»appeafémfsﬂbéTE Without this scale

¢

the optimized grating can be obtained experimentally by making different

exposures and observing the quality of the result by mgaqurigg the

: e
diffraction efficiency of the szgsequent grating.

N

After the final probessing and drying, a direct laser beam can be

-4 % ‘
incident on the grating and a diffraction pattern would be observed on

a screen. It should consist of a bright spot on one side and a dim one

on the other of the directly transmitted beam. An optimized grétigg

E

can result in the first order diffraction of at least one-half of the

light energy. . ,

Further experiments can be performed®by constructing;EfE?r gratings

— \
as described in Chapter IV, This.will effectively form a focusing dif-

fraction grating and can be used to demonstrate the real and virtual

image of a bright object illuminated by laser light.
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s ) One-Beam Holograms .

) RN .
.Once »we. have a systeﬁfsatisfyingyall the requirenmnts ofi
. 3 .
dimensional stability, vibration isolation, and the necessary env1roﬁ-
/ mental‘condi%;ons, we -are ready to construct various types of holograms.

.

, We begin/with the formation of a series of "one-beam" holograms - *

refléction, transmission, and cylindrical types - because of several

reasons : zl). simplicity; (2) efficient use of light; and (3) general

usefulnéss. . . 5 -
Pedagogically, it is a good philosopﬁy
the very beginning, experiments that can "be

»

"Whether

to have students perform, at -
successfully compieted in

one afternopn s: 1&boxato;¥ period or .net they understand fully

- e -

IS

.

ERIC
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the theory behind what the

have done, they have in tHéir possession a
BN

o ’ c .
hologram with whigh they cun demonstrate to their peers, giving them a

.psychologiéalebooat toward learfiing the basic theories behind, and to

N
S

continue to do more advanced experimentations. : .

«

White Light Reflection Hologram L .

We begin with a hologram which theoretically is among the most

involved, but, experimentally exceedingly Simple. Eﬁfentially we shall

cover an object to be holographed with a piece of film, illuminate the

film with a single expanded -beam of laser light, and result in a holo-

gram which can. be viewed with white light, showing a three-dimensional
. -

. v

a

color image. -

Figures 7-1a and b show two possible configurations.

»’/’u!w"" ‘17 ~
the laser beam is spread out by either a positive or a negﬁ%&bevlens or¢§
“ DR .uf: ?/l < ,;&‘ﬁ" ,*‘
if available, a spatial filter. Thig expandih pe/@-i ﬂilrectea j
o ' < ' ‘rR. -
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VII - 3
perpendicularly onto the non-anti-halation backed (NAH) type.857§ plate
or film, which is virtﬁally in contact with the object to be holographed.
o I'f filg is used, it must be'pres§ed between two plate glasses arnd held

with clamps. The scenes used should be either white in color or highly

reflective, shiny objects placed in virtual contact with the emulsion.

°

The exposure and processing can now be performed in a way similar to

that "discussed in a previous chapter in the construction of gratings. The
‘length of exposure can be approximated by knowing the'qytput of the laser,

: « &
the spot size of the beam on the film, and the sensitivity of the film.

For example, for a one milliwatt laser with é 5 cm diameter’spot on the
film which has a ZOO'erg/cm2 sensitivity, the approximate exposure time is
in' the order of one second.

The image of this hologram cannot be seen until it is thofouéhly
dried and then viewed uander a point source of white light, sucg as ;un-
light. Bécausg of the emulsion §hrinkage the color of the oﬁject

generally will appear to be yellowish green. If one moistens the -

emulsion side by steaming the hologram, which can’be accomplished by.

.

placing it above a cup of coffee, the image will turn red because of the

swelling of the emulsion. This is a vivid demonstration of the Bragg .

.
v r

diffractionlphenomenon normally performed with X-ray. The physics

Iy

involved in the formation of this hologram can be understood from the

. . N . .
‘discussion in Chapter III. Here interference is caused between the

direct beam incident on the emulsion and the light that has. been

. transmitted through it and reflected"back by the object. Because the,
. . )

film is located. between the reference beam and the object ‘beam where the
T t

concentration of the "mirrors' is the greatest, the 6 micron emulsion has

»
-~

Qo - - Gry ot . r
" - V L]
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épproximately 20 mirtfor surfaces formed inside of it. This allows
»

effic}eht Bragg diffraction to take place when illuminated by white

light. - The most desirable beam.ratio for forming this hologram is 1,
i.e., the beam inten?ity incident on the fiIm from bpth sideélsh0u1d‘
be equal.’ In the present case we have no control over how much objécf
light, is obFainable except by the choice of color; reflectivity, and .
p;oximity of the object to the film. Thus, thé brightgr.the objeét
and the closer it is to the film, the,betteQ the hologram. We can : r
conclude thaf so long as we are makiﬁg tﬂis type of hologramﬂwi;h a '

single beam, the depth of the scene is limited to a few centimeters.

» i

Transmission Hologram .

-

Figure 7-2 a and b show possible.configurations for forming a

» : . ! ks z . -‘

one-beam transmission hologram. Here it is desirable to use anti-
. - [y

halation-backed (AH) holographic film with the emulsion side “facing

the light. 1In general, if film is cut from a roll, the concave side ————,
: ‘ B

of the film is the emulsion. Ho%ever, on a humid day, the emulsion

. > )

may swell and curve the wrong way. The best technique to determine the

correct side is to moisten one's finger and touch a corner of the film.

The sticky side is the emulsion. = °

Here it.is desirable to have the beam spread out to cover a
N AN . o
ﬁaﬁh\larger area than was the case with the reflection hologram. A

‘negative lens located downstream from the spatial filter or a series
’
of two negative lenses will achieve this effect.* '

s N .

In order to'minimize thz effect of infermodulation noise

-

A

(Chapter III), a desirable ratio between the intensity of the direct
light received by the film versus the reflected light onto the film

:by the scene is approximately &4 or greater. With a light meter which

, LYo RO \
Q , WUNd -

v
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. has a logariﬁhmié scale, ;pé light as detected when aimed from thq
L
L location of the hologram toward the lenses should read at least two stops

1

>
higher thanp, light arriving at the meter from' the scene. In detecting the

intensity of the object beam care should be takenm in blocking the direct

’ “ .
~

reference. light from entering the meter. The exposure time is chiefly
determined by the intensity of thg reference beam., Exposures 'mow can

be made dnd the hologram prdifssed. The resultant hologram must be

. viewed with a monochromatie light source, such as the laser. The real

image of this hologram can be projected on a screen by shining an'un-
diverfed laser beam precisely backwards through the hologram from the

original reference beam direction. A major advantage of this-hologram ' . L e

over the reflection type is that the deptﬁ in the scene ié‘virtually

»

unlimited. In a sandbox, for example, one could have a broad desert

scene in front of the film if the laser light is spread out sufficiently. -

¢ .
One limitation of this hologram is that most of the scene is back~#

. lit. A primary caution is not to‘have objects so tall as to block the ° .
¥ . N ~ L

“

reference beam. ) ( .

.

- . ’ .
L An easy variation in this hologram is to record more than one Seene

®

. . »
on the same hologram. This can be done by making two separate exposuyres
. AN

on two scenes. For example, after making one exposure the §ilm can be .

a

turned 90° along the axfg perpendiculaf to the film plane. A difféfént ) .

L4

gcene is substituted and a second exposure made. In this -gase the’ ;-

exposure of each scene should be one-hglf of the origiﬁal exszure

.

for a one-scene hologram. After processing, the hologram can be v e
rotated, and two different scenes will be viewed depending on the: o3
. . . . oo k’a‘“ -
orientation. ’ o ‘ .-
157 e
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Cylindrical Hologram
Fiéure 7-3 shows,ka configuration for making a cylindrical hologram,
. . ¢

in which objects recorde& can be viewed all around. The'cylinder used

" for supporting the film can be anything from an” olive jar tdo a section

of pipe. As a start, use a cylirder approximately 5 cm' in height and

>

8 to 10 cm in diameter.

N \ . :
The mounting of the film onte the inside of the cylinder is crucial. .’
. .
Having cut it to the précise dimensions that can fit inside the jar,

’

the film should be helq inside with the emulsion side\inward, and taped
onto the cylinder with all portions of the film in physical contact
with the.cylindér wall. The cylinder»{ben should be left on tép of the

holographic system for several minutes to allow it to reach thermal

equilibrium. *

L ‘. .

As shown in Figure 7;3; two laboratory stands are used on top

.

of the vibration isolated system. " With larger lasers a mirror should

be used on top of the stand td reflect light.downwards from the laser

.
.

positioned on the table. This is followed by one or two beam-expanding

lenses so that the light is diverged in the ‘most extreme fashion feasible.
N .

In this as well as in all other cases, care should be taken so that the

edges of the lenses must not be illuminated.

To assure that the illumination of the cylinder is evenly
distributed, a white piece of paper ;ut to the size of the, film and
mounted inside the cylinder can be used for visuél‘obse{vation. A fight
mete; can be ‘used to'check the scattered light from ghe paper all around
the cylinder, and the beam movéd by the lenses to achieve'éﬁe most uniform

possible illumination. The object‘to be holographed can now be placed

v

Y
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. « ¢ " -

at the bottom of the cylinder. Again, higﬁly,reffeifive objeEts are pre-
, . .‘ . - P . R '
1 fefred over dark ones. The beam }§tio can bewchecked as before. Singe
- ; E} - N s ." . .ﬁ,
this is a transmission bologqam, the intensity ratio o%ﬁfour to.one;is ! .

.
4 ¢

degirab1§) In the event that this is far off, ¢orrections can be made * .
b}’moving the ‘exfaanding lenses farther up or down to qhalnge' the divergence £
) - s ' .
of the slight. . - . i . - ' .
A . . , N .

For a simple system using a single laboratory stand, wobsling will

cause sufficient motion to destroy the hologram. A secondaboratory \

»

stand is necessary to dampen this vibration by «tying it with right-angle *
' 3 e '

12 . s D )m/\

.

, > « \19
clamps and rods to our systenp*~§§.§&ﬁ%? . ] R .
' ¥ é’k“ B - .

The'exposure/and progessing procedures &or this .hologram are

- N

precisely similar to those for the transmission hologram. Again, a . v
. -~ " . N ) t:).-
+second scene can be recorded on the same film if the cylinder is,, _ -7
* 1 . ‘ ’ \ . d "
inverted, and h second scene exposed. : , . T
4 . ! »' Ayt |
. s, N > - > . .
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¢ ~ s ' "‘L‘ ' » 2 ‘ -
S - General Multiple Beam Hologram Fdrmation
' . o ;'“.\ . . -
P ) @ ) o . . N
. » . . ¢"' ) o - [N
‘ ., Having familiarized ourselves with the basic laboratory procedures
oot stated in the previous chapter, we now outlinegsome general techniques

' N . R
for hologram formation ;nvélving the use of multiple beams. The

]
~ o

N //qmaterial réquirement is necessarily increased, particularly &ith

-

regard to tpé number of mirror, lghses, spatial filters, and beam splitters.
! ’ In Chapter VII, holograms are formed bgtwegn the direct light arriving

at the film with the light scgtterqd from the object. In these cases no

bgam splitters were used. Because of the simplicity involved it was, /
. ’ r\ . ‘ ) =

comparatively speaking, difficult to arrange the desirable beam ratio -

and; in general, imﬁbssible to equalize the, paths of ‘the two beams.
N Moreover, we alsc had to accept whatever state of polarization existed,

and were unable to control this factor. On the other hand, because of
. ? ' -~ '
. . .
the minimum number of components used, lasers with minimal output were
. - \ ;
J usable. ) *

) s S
In general, ds we introduce more and more control to aur system,
<
. . e

there will be greater waste of laser output. For practical purposes,

' \\~if multiple beams w@re zo be used in hologram fofmations; it is highly

desirable that lasers with outputs greater than *2 mW be available. .//

Figure 8-£~shows one af many possible configurations for forming

two-beam holograms. Beginning with the laser, the beam is directed
’

to the. right by mirror M, and is then split into two by the beam splitter.

- . I

¥ . ‘
With a white cardboard acting as a screen at the location of the future
P .

hblbgram; the referénce beam can now be aligned by M,. The object to

a
v '

be used can be now located in front of the screen, .and is illuminated

~

Q with the object beam directed on it by M,. ' . . .

Qggiéé;‘ : 1.{“4

o T " o -
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Before spreadiﬁg out ‘either beam, the optical paths can now
~
- . " hd

be approximately §guaiized by the adjustment of M, and M3, se that

. B.S.M,H = ,B.S.MjOH . . | : .

’

' . A lens'L1 can now be introduced to expand the reference beam.

Similarly L2 expands the object beiﬁLiifilluminate the object uniformly.

It is important to note here that whereas the reference beam must always

-

be "a point source, the objedt, on the other hand,

£ illuminated.

can be diffusely

Figure 8-2 illustrates this alternative.
’ ]

In this case

.

the object beauﬂainfirst expanded, then a ground gfass is used to

© ¢ -
diffuse the light that illuminates the object.’

.
[y

none of the light scattered from the ground, glas’

directly.

<

Care should be taken that

s arrives at the holdgram

&
=3

The beam ratio can be measured by blocking one beam at a time.
The intensity of each can bé checked with a light meter. As stated
\) - _ > .
beforé, the intensity ratio between the reference and the object beaq; ]
should be approx1mate1y four to one._ This 4s not, however, a hard and
fast rule because many factors are invo ved, the most important 64 which ~

NG .

is the bandwddth. . .

Figure 8-3 illustrates our concept of bandwidth. Here the minEEhm .

_angle between the object and the reference béam approaches zero whereas

the maximum angle is approximately 90°.

an example of a wideband hologram. ¥ Fi

illustrates: the narrdw band&idth confi

. . * N . 0
range lies bétween 0 < spatial fret*ncy range < S10€ 77 90~ |

T
Thus the spatial frequency

This is
N X l

gure 8-4, on the other hand,

-

‘ »
guration., Here the spatial

l

'frequency range is obviously very small.
. > N ’-.
noise is directly related to the bandwidth,

¢

Since the Lntermodulatlon

and the functlon of the

¥ ’

¢ ~ 3 3
beam ratio is to minimize this noise, the beam ratio then is proportional
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" %o the bdndwidth., Thus in the formation of a sine grating where the

bandwidth is zerv, the preferred beam ratio is one. On the other hand,
© ' -
L ' . , )
if an extremely wide scene is used, the beam ratio as high as ten to .

one is desirable.

. ¢
. . .

. - . . ) X
. Assuming & low cost beam splitter is used, which results in fixed

beam ratio, this ratio can be altered by several techniques, The

simplest one is to move Li to various’ locations. The further it is

upstream the more light will.spread out before 'its arrival -at the

. .
b )

hologram, thus decreasing the referénce beam density. Simikarly the !

] A 3
o

- object beam can be changed by varying the location of L2' Andther

.
.

'( techniqde is to use neutral density filters. However, this wastes

otherwise useful light.

’ £

In general, L1 should be sufficiently far from the hologram so thag

x LI

the light covers an area greaterﬂthan the size of the hologram.’ Because

the output from a laser has a Gaussian distribution, the center of the -
\

spot has higher intensity than the edge. If the spot'is smaller than J)‘

.

.the film, the center will be c;vesed and the edge will bé under-
Y R

exposed. . .
4

The next step is to determine the exposure time. Since the

.

reference'beam usually dominates, it alone determines the exposure,

If a calibrated meter is not available, the step wedge method mentioned

»* »
»

before can be useq.

-

Following are summarizing steps for making a two-beam hologram, }
. J
aaSSUmiqg that we have variousi compondnts arranged approximately as in

Fignre 8-1 on top of a vibration-isolated table:

s

(1). Equalize the beam paths. .
(2) Sﬁfead beams with L; and LZ' )
Q o 1iii? * ‘ g . .

ERIC 120 ~ o
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. (3) 'Adjust beam ratio.

(4) Determine exposure.

-

- The holograp now can'be exposed and processed.

s

In the event that it is desirable to illuminate the object .from

- . » «
more than one direction, Figure 8-5 shows how the configuration in

.

Figure 8-1 can be modified to accomplish it.

For two-beam white light reflection holograms, Figure 8-6 shows a -

possible arrangement. Note that the beam ratio for white light holograms

. '

should be 1, regardless of objects used and bandwidth. In this case,

the intermpdulation noise will appear in the transmitted beam only,

leaving the reflected beam unaffected. For optimum resolution on the

reconstructed .image, the object should be as close to the ‘film plane

-

,
as possible.




1/‘

-




1

O

ERIC

Aruitoxt provided by Eic:

)

+

CHAPTER IX 2

Basic Projects
L : ' .

v @

Like photography, holography has both scientific as well as
artistic applications. Only the ability and the imagination of the, .
practician can‘limit the possibilities in both domains.

C: ] .
Instead of cataloging all possibilities, the format of this

y LS ¢

writing requires that we point éut only the highlights and the basic

~

techniques in holographic interferometry, which alliows the students
to make microscoﬁic measurements on displacements, and some methods

in image manipulation which widens the range in artistic a;;lications.

a

Holometry

.

. Holometfy\ggglggraphic interferometry), as discussed in Chapter 1II,

can be divided into three classes: double exposure, time ‘average, and
real time. We shall disguss only the first case which involves exposing

%
a hologram to an object once, allow the object to change microscopically,
)y N
and -then make a second exposure. In the second case, only one exposure

R R

+is made while the object is under steady-state vibration. The .nodal
H
areas that did not wvibrate will be seen as bright, whereas the anti-

- \

nodal areas, where the object shifted, will appear dark., Finailly,

real:‘gime interferometry involves exposing a hologram hnﬁ viewing it ’

)
ot

in its original location, so that both the image and the real object
are superposed in space. If the object now shifts, dark fringes will BE”
seen through the hologram. They are caused by the differences between

the location of. every point on the object dﬁring exposure and its

present locations: .

"

' 112 o w .
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We, shall nby discuss the simplest ‘case of the three, namely, {

double exposﬁ%é. uﬁor objécts smaller than the photoplate or film and

[y S
v

with depth 1imiﬁgaufoAa few centimeters, an exceedingly.simple me thad
1\‘4~ . . Je ‘e -

can be used with selfvcalibrating interference fringes. Figure 9-1

’

.\ EI
shows a configuration for a studept experiment involving the bending

4

3 .

beam or the defo}mation of a membrane. Locate the .photoplate directly

- above but not touching‘thé Beﬁhing beam. Let this beam be sypported

as shown, and a weight pl?éédlin its, middle. A single beam white light
hologram is exposed. Witho;t moving anything else, the weight is
- removed with a éweezer very cé;gfully 4%d é sezond exposure is made.
Upon processing this single-beam'white light hologram, interference
fringes will be seen ‘on top of the beam. Ry having the laser light
iméinge on tRke photoplate peépendicularly, we can interpret that the .
first dark fringe adjacent to the point of support‘represénts a net
optical path shift of ene*haif wavelength or,” therefore, a net dis-
placement of one-quarterwavelength. The next dark fringe, then, re-
presents a netxdisplacement 6; three-quarter wavelength, and so
forth. Thus, the:frinéés are directly calibrated to the wavéiength
of the 1asérjﬁsed. Tﬁis exﬁerimental data can then bg compared with
x N
theoretical predications, making this an inEerestipéiaﬁqﬁinstructive
exegfise. The Ft;dent is encouraged to discover other préjects thag
can benefit from this technidﬁe. The basic precaution here is that
stability for the film plate nelative to the table must be insuréd,
"anE\Eﬁ;t no qther displacements than the one under study should be
,induced. In the event ghat da{k fringes are noticeable :ﬁ the vicinity

of the hologram itself, this means Fhat the hologram has moved during
. .

0 * L™
exposure. 1

1
A
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In geﬁeral, when objects are larger thanqghe plate and with
dimensions greater.thaﬁ suitable for the above simple technique, a,
general two-beam technique transmission hologram 'should be used. Under
this circum;tance beam paths aré extremely complicated, particularly

when a ground glass is used to provide diffused illumination for the

object. Althéugh the fringe structure provides much qualitative

information concerning the state of deformation or shift in the object,

numerical interpretation becomes -exceedingly difficult. However, there

,is still a simple technique to self-calibrate the interference pattern.
We shall call this the self-referenced fringe technique (SRF).

The SRF téchnique requires that the maximum displacement be known
<and a well-defined, zero displaceméht point be located. For example,
in the case of the bendiqg beam the point of support provides well-
#nown positions for zero displacement. ‘At the location of thé wéiéht

a. micrometer can be provided so tgat the maximum displacement is known.

N

Regardless of beam directions and configurations for forming this

’

hologram, the interference fringes.formed oz the object are self-

calibrated. We can divide the total displiqement S indicated on

the micrometer by the tota]l number of dark fringes N between the

v
k]

i .
point of support to the point of contact of the micrometer. Each

successive fringe from the point of support thus represents a dis-
. AR

placement ‘of S/N. After the calibration an arbitrary mass can be

. N .

used to displace the beam, assuming no change in the configuration

ks

for forming the hologram is made. In general it is interesting and

>

instructive to make “holograms with various displacements in various

'dftections induced by a micrometer. This helps the experimenter to

. p)
n
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learn to interpret fringe strgétures by theif'érientatioﬁs, shapes
X ; . > . T
* and ldcations qualitatively so that when e views a particular inter-
- - - : s LA . 1 , .

4 .

‘ -

- ference pattern, he immediately gets a general idea concerning the

E

3 .
nature oglthe displacemerit. . ’ - .

] _ .
¢ dwo e :
Lo

- <

Hybrid Holograms N

. " -+ In order to ificrease the veffgtility of the hologram for both

scientific and artistic purpaseg, we shall discuss some variationg

‘ ¥ . [

from the basic techniques which will allow us (1) to view the virtual

¢ ‘

image at any arbitrary lbéation relativ;\hp the hologra& and (2) allow

s o \

sources.

_&swte illuminate transmission holograms wieh tungsten filament light t ¢

1)

All hglogféﬁs dfscussed so far have virtual images seen behiﬁdwthe'

.

3 hologram plate. ‘However, it is possible to locate this image on the . ’

A e

! plane or éven in front by a relatively simple variation of the techniques ~

already discussed.

™

To make a '"facused-image" hologram, a convenient method is to use

B

a photographiévlens and focus the object on the® film 0 that, alone,

—~

a photogpaph would be exposed. With the addition of a reference beam
eitherﬁﬁrom the same side or the opposite side of the film, a trans- s

\ .

mission or reflection holoéram»can be exposed/respeétively)w_When '
viewing this hologram, the image will appear to be straddliqg the plane

of the film, with part of it protruding into the front and the remainder N

behind.

,‘
Another variation of the focused image hologram is to obtain the v

real image from an existing hologram and make a hologram of it. %

Figure 9-2a shows the usual configuration for forming hologramlﬂl.; //ﬂz'

ERIC E g - - o

JAruitoxt Provided »
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-If we use this finished hologran as a master and project its real image

.

back to the 1ocat10n of the original object hy converg1ng a beam and
t e

R N *
focusing it through the hologram at the locatlon of the or1ginal .o
reference beam,as shown in Figure 9-2h, a fresh holographit plate can *

’ A : ’ ) :
now be located at the location of the image. Using a converging .

reference beam for hologram H,, a secondary hologram is thus formed.
¢ P .- -
When it is illuminated by a point source as shown in Figure 9~9c, an

»
.

image will be‘seen straddling the plane .of the hologram. 1f tﬁe -~

scene is shallow, not exceeding a centimeter or so on either gide of v
. . . »

. - T LI

the film, its image can be seeh with white light. However, the image
. . . < - d ) .

>

.

" ; . . . N

further away from the film will have color dispersion. v
: . : . ’ ¥ .
To make it feasible for illumination of this focused image 8

L 3 i

hologram with deep’scenes uslng a polnt sourte of whlte llght* r &

. .
~ . * v )

Figure 9-3 Phows a variation on the previous conflguration. {Here w1b
/ ¢
. also 'use a master hologram, H 1° and make a secondary hologramjprec1se1y

as in Figure 9-2b., However, a mask with-.a slit opening is plabed on
- rs A
8~<

: H so that only the slice of hologram underneath the “slit is used.

L3
.

This is equ1valent to sacrificing the vertical parallax on ‘Hy but

tetaining the horlzontal parallax. Illumlnatlng the H2 w1th a*ﬁ%ser

-

source as shown in Figure 9-4 will,all0w an image to be seen o&ly if the

viewer's eyes were at the location of the original slit’. Moving his

head.up or down will cause the disappearance of the image: On the other
- ' . i
hand, if the hologram is viewed with a white light source as shoyn in
('Figure 9-5, an entire image js seen over large range of space due ta
- ¢

the fact that dlfferent color from the white light will causezthe

g, -

virtual slot to be located at a different position; S0 that dependlng

on the altitude of the eyes, there will be a color changing fﬁgm red

’ N 117
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to blue as one moves them up:and down. But in all positions the image
. . 1 .
» will be seen with perfect horizontal parallax. - Hy is now known as a

"sainbow hologram". 1Its chief advantage is that holograms no longer

require monochromatic illumination, making this much more economical

- to disélay. . e

»

There are many ‘Scher types of hybrid holograms which spacé here
q111 not allow us to delve in aetall. Appendix III shows one technique
used to inteé?ate motion pictures into hoiograms so that oqu;ts
originally ii}uminated by incoherent light are converted int; Holograms

with motidn. Further developments involve the combination of the

rainbow effect with the integraphic technique, resulting in cylindrical

- -

holograms that contain objects in motion and are illuminated by

commdnly available tungsten filament light bulbs.
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) . Bibliography
v Theé, peculiar nature of our subject matter demands a unique form

of bibliography. Unlike a-topic in sociology, where references must

be carefully chosen among myriad sources, holography is'a %Qﬁbaratively

narrow subject matter which is desq¢ribed-in a we11 de11neated set of

-
s\ -

publications.
&

A 3 .
The gackground information needed for a beginning student can be

-

found in the optics section of any introductory physics.text.

When-

ever a technical term i$ encountered, such as "interference",®

~

"polarization", 'focal length', etc., the student is urged-to consult

the index of these tekts, and then learn what ig necessary from them.

/
Texts that we specifically recommend are:

p
PHYSICS, Robert Resnick’®and David Halliday, John Wiley & Sons, Inc.
ELEMENTARY GENERAL PHYSICS, Richard T. Weidner and Robert L. Sells,
Allyn and Bacon, Inc. . )
“ . -~ .
UNIVERSITY PHYSICS, F. W. Sears and M. W. Zemansky, Addison-Wesley.

In general, any text with 8 good optics section will be helpful,

¥

At a more advanced level, we recommend: %

-
Rhel ]

 FUNDAMENTALS OF OPTICS, Francis A. Jenkins and Harvey Es Whlte,
_ McGraw-Hill Book Company, Inc.

. g

OPTICS, Eugene Hecht and Alfred Zajac, Addison-Wesley (1974}

?ollowing is a list of books written speéifically on the subject
of holography, listed in the chyonological order ‘of their publication:

INTRODUCTION TO\COHERENT OPTICS AND HOLOGRAPHY, G. W. Stroke,
Academic Press lst Edition, 1965; 2nd Edition, 1969.

THEORY ,AND APPLICATIONS OF HOLOGRAPHY, J. B. DeVelis and
G. 0. Reynolds, Addison-Wesley, 1967.

.
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INTRODUCTION TO FOURIER OPTICS, J. W. Goodman, McGraw-Hill, 1968.

PRINCIPLES OF HOLOGRAPHY, H. M. Smith, Wiley Inter-Science, 1969.

v

v/

. THE APPLICATIONS OF HOLOGRAPHY, H. J. Caulfield and S. Lu,
Wiley Inter-Science, 1970.

¢

OPTICAL HOLOGRAPHY, R. J. Collier, C. B. Burckhardt, and L. H. Lin, A
- Academic Press, 1971. i

- ,

" HOLOGRAPHIE, M. Eﬁancog, Springer Verlag, 1972, o
-OPTICAL AND ACOUSTICAL}HOLOGRAPHY, E. Carmatini, Plenum Pgess, 1972. .

OPTICAL INFORMATION PROCESSING AND HOLOGRAPHY, W. T. Cathey, g

Wiley-Interscience, 1974, ” .
. Ao - .
The most up-to-date one is by Cathey. This book can very well

serve as our text. Most of the theory needed to increase the depth of
our understandirg is found he;e. OPTICAL HOLOGRAPHY by Collier et al,
- . is more substantial and contains more detail on holographic materials
. ¥
other than silver halide emulsion. Goodman's INTRQPUCTIOQITO FOURIER
OPTICS *is besé on a graduate level, It offeri theégg?t general dis-

cusston on the‘Fourier degﬁription of optical gystéms, including

. } .
holography. K .
N . L]

Any of the abo e-mentioned texts has extensive lists of references

7

]
=

to original cations in journals: The student should be encouraged

F

to use thé library resoWirces and consult’ the articles of his or her

.

interest. . _ . . . % '

[y .




APPENDIX I

- GENERAL HOLLOGRAM PROCESSING PROCEDURE*

FO& TRANSMISSION HOLOGRAMS AND WHITE LIGHT REFLECTION HOLOGRAMS
. Develop in D-19 (Kodak) S5 minutes
. Stop bath (any brand) 30 seconds

' Kbdak rap1d fix with hardener 3 minutes

Wask in running water * 10 minutes

.

)

All above,steps should be performed at room temperature (approxiffately 23°r%)
with indirett and dim green safe light. The hologram can now be handled in

_ full -room light. 1If- -exppsed correctly, it should appear dark gray, tut rot
opaqug. (Approximately 107 transmission of white light is best.) Tt can also
be viewed w:th the reference beam alone. ‘Avoid' allowing it to dry at this poin’

Bleaching Technlques to Achleve Maximum Efficiency
Transmission Holograms: (8E75 ‘AH, lDE75 AH, or 20E75 AH film or plate)
For best holograits; film with anti-halo backing should be used. Film
without AH will do:=bﬁt-will have some unwanted patterns. ’

3
~

5. After s;ep5(4) above, submerge in following bleach until

- the entire hologram appears transparent. .
.
‘The bleach consists of 1 liter of de-ionized water with
30 grams of potassium ferricyanide and 30 grams of potassium
bromide ° completelyfdissolved in it. It is toxie, extremely
_caustlt, but”not volatile. Should be kept in plastic or
glass oontainer and handled with rubber gloves.. \\\\\\

'y ‘ - . - ) ' ’ —
Wash¥in runnlng wate o %? Y -t 5 minutes
Squeégee the emulsion slde Ehfa good photographic
grade, squee%ee and then dry with warmeair (hair dryer).

Ve
White Light Reflection Holognams .
Must be made with 8EX57 NAH holographlc film. .. :

“

"t

J

5. After .step (AY\above, submerge in followihg blbach until
all thé gnayﬂqolor disappears

The bleach is EXTREMELY TOXIC AND CAUSTIC, but not volatile.
Handle with extrgme care, using rubber gloves and glass or
plastlc contiiners.: It consists of 20'grams of mercuric
achloride and 20 grams of potassium bromide dissolved in

* 1 liter of de- lonlzed water ‘ *

.
>
B

»

'6. \Wash {n running water ) - : S5 minutes
7'- Kodak rapid_{}x with hardener until all the
plnklsh vhite color turns brown '
', 8. Wash in -running watez; . 5 minutes
9«1‘Squeegee and dry.

i .
\ L Y
The develgper, stop bath and the fix .can be purchased from any camera store.
The hﬁeacﬁing chemicals can be "borrowed" from your Chemistry Department or
purchased from Sargent-Welch Science Company, 7300 N. Linder Avenue,

SkoK&e, illinois 60076. -

v

~




C : ot AP I - 1

APPENDIX II

PHOTOGRAPHIC MATERIALS FOR HOLOGRAPHY .,

b e e

~

1., ‘Introduction

Photographic materials for holography must meet specific requirements,
dimensions of the structure of the interference pattern to be recorded are usually of
the order of magnitude of the wavelength of the light used for exposure, a very high
A high speed is also desirable to allow short expo-

Since the’

resolving power is essential,
sures.

However, high resoﬂring power and high speed are somewhat incompatible proper-

ties,

-which makes it necessary to arrive at a compromise of the highest possible

efficiency,

The nature of the subject will determine whether the ideal solution of

this problem will be slanted towards high sp,
Agfa-Gevaert has therefore introduced a nu
various practical demands,

properties of these materials.

Ry

-

2,

namely 8 E 75 and 10 E 75 for red laser light, and
8 E 56 and 10 E 56 for blue and gregn laser light,

Density and amplitude, transmissiomn‘curves’

ed or high resolving power.
ber of Scientia emulsions to meet

We shall now discuss the specific

-

The relation between density D and exposure E is usually represented by the charac-

teristic curve.

Figs 1 and 2 show these curves for Scientia emulsions 8 E 75 and

10 E 75 for red laser light,

respectively.
30
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and 8 E 56 and 10 E 56 for blue and green laser light
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. ) ’ hd
The exposures of Scientia 8 E 75.and 10 E 75 were effected at the principal wave-
length of th fe-Ne laser (633 nm) and those of Scientia 8 E 56 and 10 E 56 with a
krypton lasér (476 and 521 nm), sec Figs 1 and 2 respectively., ‘Thé material was
proce d for 4 minutes in Agfa-Gevacrt developer G 3 p at 20°C and for 4 minutes
_« /in Agfa-Gevacrt fixer G 334, followed by washing for 15 minutes. The density of
.-.~the developed emulsion laycrs was measured by parallel light, Characteristic
curves contain useful information in the case of certain holographic exposures, but
in general amplitude transmission curves are preferred, because a hologram acts
as a diffraction screen to the-inctident wave {ront,. where not the 16cal density but the’
‘local amplitude transmission is the more impartant consideration. Amplitude trans= -
mission is defined as the ratio between the amplitudes of a monochromatic plane
wave after and before passing through the photographic emulsion. This is usually a
complex quantity, in other words, not only the amplitude but also the phase of the
1ncident radiation 1s affected, However, in the case of processed emulsions, for -
measuring amplitude transmission |Ta| the only easily measured quantity is inténsity
transmission T; = T,T,* , where T * represents the complex conjugate of T;.
This quantity is expressed as a function of the exposure of Scientia 8 E 75 and 10 E 78
at a wavelength of 633 nm, and of Scientia 8 E 56 and 10 E 56 at wavelengths of
476 and 521 nm. respectively, in Figs 3 and 4.

-~

N :: ’
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v ' '\ 2 2 1 DL\
] [ = ~ \
3 H [ BN 3
2 [ [ - ~ ’ N
= * \ RN g Emin G3p 20C | !} N ] o
' s o
F S5mm Glp 20 | )
DI i < — ) 4 0o 2 v 2 P o 2 v g0
4 we 7 s ' 2. s 02 2 . 109 A | ————» Exposure terg/em?) AN
——————p=— Exposurc {crg/ em?) Fig 4 Amplhitude transmission curves at 476 nMmeceees
s
Fig Amplitudy transmiseon curvesd vt 633 nm ; and 521 "~

The energy per unit surface that corresponds to”tfa'l = 0.5 can be regarded as an ,
.indication of) the sensitivity. oy
Approximate values of light intensities for !Tal = 0.5 (corresponding to D = 0.6) are

20 erg/cmz'for Scientia - 10-20 erg/cmZ for-Scientia

_ , emulsion 10 E 75- T - © emulsion 10 E 56
". 75 erg/cm® for Scientia 150-300 erg/cm? for Scientia
, emulsion 8 E 75. - emulsion 8 E 56
at 633 nm ‘ . L, \ at 476 and 521 nm
The abgve values are slightly affected by development conditions. -
g 7
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3. Colour sensitivity

Scientia holographic emulsions 8 E 75 and 10 E 75 are specially sensitized for
wavelengths between 600 and 750 nm, and are intended for use with the He-Ne laser
(633 nm) and the ruby laser (694 nm). On the other hand, Scientia holographic emul-
sions 8 E 56 and 10 E 56 are suitable for exposure to wavelengths up to 560 nm '
(krypton and argon lasers). The density and amplitude transmission curves given in
Section 2 apply to the wavelength of the He-Ne laser of 633 nm (see Figs 1 and 3) and
those of the krypton laser of 476 and 521 nm (see Figs 2 and 4)¢' To enable one to
convert the exposure to other wavelengths, the colour éené’i?iq;i.ties are shown in

Fig. 5. ’ T

vity
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4. I.mége' quality

-

An optical diffraction method was used to determine the image quality of the holo-
graphic emulsion. s double-beam interference exposure enabled us to examine the
resultant diffraction screen. Fig. 6 shows in schematic form both the exposure and
the reconstruction,
15 164 1y
S .

- ]

A

=3 . 0,84 .

Exposure N Reconstruction

Photographic plate Interterence screen

T
Fig & Schematic representation o. expodure and recondtruction of * * 100 10} .‘Icmz
doubile-beam interference —»— log exposure

Fig 7 Dependence of diffraction efficiency on exposure

During exposure, two plane waves having intensities Iy and I, were incident on the
photographic plate, each at the same angle to the normal. Representing the angle
between the two rays by 6, spatial frequency f is given by
' S, oz .8
. f = 3 sin (2) ,

where A = wavelength in air (633 nm for the He Ne laser),

With 6 = 90°, a spatial frequency of 2,235 lmes/mm will then result, The separa-
. tion between adjacent lines will then be the inverse of the spatxal frequency equal to
®*approx. 0,45 micron,

Modulation m depends on the polarization of the laser radiation and intensity ratio
I1/I2. In the case described, lasers with linearly polarized radiation were used. .
The electric véctor, was normal to the plane of incidence. The intensity ratio 11/12
amounted to 0.5, corresponding to a modulation of 0. 94. In general the modulation
caused by the polarization considered here is '

i _ZVIIIZ
m = __"1°¢

Il +IZ

14

Reconstruction took place as shown in Fig. 6. Ray I, was used for reconstructing
ray I,"'. Intensity I' was a diffraction of .the first order and hence ratio IZ'/Il is
dependant on angle 8, modulation m, and the exposure. Fig. 7 shows ratio

iz’/I against exposure.

) 1 2 Ral]
Y

-
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This function has a definite maximum. Ratiol '/Il can be considered.as a measure
of the quality of a screen and is therefore called diffraction efficiency. Figs 8 and 9
show thHe optimum diffraction efficiency (I as a function of the spatial fre-
quency for Scientia emulsions 8 E 75, 10 E 75 ;nﬁ 8 E 56, 1'0 E 56 respectively.

Intensities Iy and I,' have not been corrected for Fresnel reflection, because the
latter ¢orresponds to the practical applications of holography. The actual diffrac-
tion efficiency of the photographic emulsion for the polarization used is higher still,
especially at large values of angle 8. We should mention that the material was
over -modulated by using the large modulation values of 0.94.0or 1. In other words,
this is not a case of linear transfer; intensities of higher orders of diffraction are
also obtained. 'In order to compare the diffraction intensity to noise I, at various
spatial frequencies, exposures were carried out with a single laser beam of the
same overall intensity, and the photographic plates were all processed and
measured‘{mder identical conditions. The resultant ratid IN/Il is also shown in  <g
Figs 8 and 9.
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5. Reciprocity behaviour . L

Q- athch lasers with pulsewidths of 10 to 50 ns are used for ahoa&’t*éxpoaures In

this case, the reciprocity behaviour of'Scientia emulsions is ob\noualy important,

To obtain densities D € 2, the exposure of Scientia materials must be multiplied 2
to 4 times when Q-switch lasers are used, -

A




6. Range

Emulsion ' (S::;}tc“’zt;’. Plates ' Films

~
-

10 E 75 } He-Ne and ) 20 { with or without with antihalation layer
8E 75 ruby lasers . 75 antihalation layer -

-

argon laser - antihalation layer
} : “in emulsion ) i
10 E 56 krypton laser with or without " without,
antihalation layer . antihalation layer

' % ~ N
d . .

8 E.56

g A
* at 'Tal = 0.5 (see Section 2) : s L
. < S
Y A4

Base . . n

e

- cellulose triacetate 0. 14 mm with or without antihalation layer
- glass plates a) normal photographic glass
b) provided at least 5 m“ is ordered, also available on :
- selected glass : max. plane deviation 25 p/inch
— - plane glass : max. plane deviation 5 un/inch

Your local Agfa-Gevaert agency will gladly supply information regarding.sizes and

prices, - .
e -

Emulsion thickness

- on films 5 p’

s on plates 7.:p ° . .

Other thicknesses (e,g. 15 pfior Bragg {white light) holography) are available to
special order. Conditions on request. '




APPENDIX III

. . . « . N .
/ The Integration of Motion Pictures into Holograms

|
i

. Tung H. Jeong and Hal Snyder ) .

We describe here a technique called integraphy which allows
holograms to be made from standard’two-dimensional motion pictures.
The three-dimensional image can be seen through without the use of
special spectacles and can be displayed in circular, continuous, hnear,
or other formats and the image seen can’have 360° of perspectives.

There exist 1n published llwrature(l's\' varnious configurations
for integrating.stul pictures into a holographic format. Collectively,
they suffer from the following limitations: (1) The reference beam
angle incident onto the hologram varies with the location of the
hologram. This requires that the viewer must move his head in order
to achieve a change in perspective (2) If a cylindncal hologram 1s
desired, the recording system must also be cylindncal 1n configura
tion, mith the same radius as the final hologram desired (3) In no
case has 1t been possible to have a continuous, non-repeating play of
a holographic motion picture. .

We wish to report a development which allows us to
eliminate all of the above limitations.

* t -
Figure (1) shows the schematic layout of the system. The
function of the polgtization rotators 1s to onent,the electnc field
vectors in such a way that they are paralle! to one another and
perpendiciilar to the plane formed by the two beams when they
impinge onto the recording photographic emulsion. Figure (2) shows
the top view of the object beam alone. The function of the cylindrical
lens is to distort each point on the image plane into a horizontal line,
but leaving the vertical component unaffected. The image 18 exposed,
one strip at atime, corresponding to a frame of a motion picture. The
function of the Fresnel lens is to collect the hight from the screen onto
the film in such a way that, in the event of a wide-angie scene, there
would not be a fade-out at the edge. Typically, the scene recorded in
the motion picture may be an event taking place on a rotating stage.
Because each frame in the film represents a slight change in perspec-
tive of the scene, the subsequent image seen 1s three.dimensional due
to the fact that each eye looks through a different strip. Since the
recording holographic film is in the form of *contihuous.roll, the
scene recorded on the motion picture can be continltqus and the
actions can be non-repeating. After the exposed film is
can be viewed by transporting it through a tl‘ansparent circu
aa ghown in Figure (3), and illuminated concentrically from a
source below. Thus, the viewing angle is almost 360°. The distortion .
caused by the cylindrical lens in the recording stage is now T

.

-
1974 Society for Information Dlsplay"lntermtional Symposium
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The above paper was voted by those attended for the "BEST
PAPER AWARD", presented during the 975 Symposium 2

held in Washington, D.C.

ERIC | '

Aruitoxt provided by Eic:

Lake Forest College, Lake Forest, 1.

compensated by the fact that the hologram 15 vne\w\ed in a cylindrical
configuration The method thus allows the same system to be used
for practically any cylindncal size, the only element to be changed in
each case 15 the cylindncal lens.

. Vanous cinematio techniques — such as fade-in, fade-out,
zooming, multiple exposure, animation, computer generation, magni-
fication, minification — are feasible. R

Of special interest is a project presently under investigation in
which the viewer 18 located inside the cylipder, looking outwards The
motion picture is produced by panning thk camera 360° on a stand.
if the camera 18

displayed.
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