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The field at a glance

Haolography is both an artistic medivm and a techniea|
tool. This manual will teach you the basic skills in both
ficlds.

Many spectacular artistic holograms may be seen in
exhibitions. The most compiete collection ig continu-
ously on view al the New York Museum of Holography,
which also publishes a monthly journal, the
HOLOSPHERE,

Technical applications of holography are taught in most
colleges and universities, and are described in scientific
journals, magazines, and texthooks, There is a farge,
rapidly growing number of industrial uses of holography.,

What makes tolography exciting is the ability of a
hologram to record a three dimensional itnage and to
recreate the original scene faithlully at a later time. In
effect a hologram freezes an instant of time,

Practical Applications

The exactness of the holographic image makes it invaly.
able for detecting faults - in aircraft tires, automobile
cluteh plates, brake drums, gas pipelines, and high
pressure lanks. It is also an important diagnostic tool
which makes dramatically visible the flow of air through
wind tunnels, displays the micro-inch growth of piants,
and depicts the vibration patterns of mechanical compo-
nents and structures. The fatter can assist in detecting
cracks or imbalances in turbine blades, and can help in
the design of quieter automobiies.

The ability to freeze an instant in time makes holography
useful in studying dynamic objects, such as biomedical
specimens in laboratories or crystal growing on the
skylab; and the precision and thre&dimensionality of its
image make it useful in recording precious gems for
purposes of absolute identification,

In many ways, ho}ography has grown in parallel with
electronic information processing. In addition to its use for
optical data storage in certain computers, it has various
more specialized uses: credit card verification systems;
universal product code scanning; aviation displays on
pilots’ helmets; viewing distant enemy territory via side-
locking radar: automatically recognizing objects in phatos;
detecting bacteria; spotting enemy troop activity; and even
resharpening blurred photographs.

What would you like to do with
holography?

As you can see, there are many varied applications of
holography. if you know which direction You want to go
with this technology, You may wish to select the
experiments in this manuat that relale to the goals you
have chosen, it's more likely, however, that you wili
wish to go through most of the experiments described
here, in order to get an overall picture of the techniques
and applications of this fascinating concept,

This manuai, together with the HL-} or HL-1a system, a
laser, and film supplies, are all you need to perforin 3
wide variety of coherent optical experiments. It doesn't
even lake a lot of time to get nice results. Most of the
holograms described in this manual can be made in less
than an hour, even il you are new to holography.

Custom-designed setups

No doubt you will soon find yourself becoming increas-
ingly fascinated with holography and spending more
and more time with it. As you do, you'll begin to dis-
cover that there are certain things that only you know
how to do. You'll find yourself freely revising the setups
to suit your particular needs and then adding littie
complexities to your setups, and even expanding the
system's capabilities with additional components, This
seems to be the nature of holography. And to satisly
these requirements, the HL-1 system has been designed
to a professional level, as a fully versatile system.

To summarize, your'H start right off making basic
holograms - optically suspending objects in s pace and
time. And you'll expiore at least some of the more
complex phenomena covered later in the bookiet. But at
some point, according to your inclination, you'll start
adapting the technology to your own purposes,

Find a good spot for your lab

A modest degree of darkness will be required during
holographic experiments, so pick a room that can be
darkened. And keep in mind that air motion is undesir-
able when making hologram exposures.

Your isolation platform, when it floats free on air-
cushion balloons, will be weil isolated from the disturb-
ing effects of ground vibrations. inflate the four balloons
and place them in the recesses under the platform,
Place the platform on a sturdy tabie or on the floor, You
can demonstrate for yourself how free from vibration
the damped isolation platform Is on its air Cushions, and
also how air motion can degenerate holograms, by
performing the Michelson interferometer experiment
described on page 24.
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Learning the Basics by Making a Simple Hologram

This first hologram you'll make is of the TRANSMISSION
TYPE, Thal is, when you're ready to view ji you'll hold jt
up between you and the light source, and thus the light
that propagates to your CYes as an image is being
transmitted through the hologram plate. (This is in
contrast to the case of reflection-type holograms. )

The hologram will display both the VIRTUAL IMAGE and
the REAL IMAGE. The virtual 3-D image is the one that
appears to lie beyond the hologram plate and is seen by
looking through the hologram (as if looking through a
window pane), The “real” 3-D image is the one that
extends out in fromt of the hologram plate (loward your
face), requiring you to step back in order to see it

Placement of Components

Mount everything at the locations shown. Screw down
the thumb screws of the base clamps (but not over-
tight). Wipe off any debris that's under the mounts, so
they'll rest down solidly.

Film Plate Holdey

Put a 4" x 5" paper into the plateholder to help you see
the light pattern that would expose the filin plate.

The Laser

Adjust the mounts so the laser light travels 3" above the
table top. (If you're using a polarized laser, it's prefer.
able to mount it in its standard upright orlentation, then
its polarization will be vertical)

Lenses and Mirrors

Don't overtighten the glass items In their mounts, Just
make them énug enough not to wobble, (Overstressing
can cause elastomeric creep.) Don't touch the optical
surfaces. For cleaning off dust, use a hand blower,

Alignment Procedure

Align mirror Mi so that the reflected beam
strikes near the center of the plateholder pH,

2. Uselens L1 to spread out the laser beam thaps
reflected from Mi, and then readjust Mi unti the
plateholder is broadly iluminated.

3. Place the swan or any groundglass-like object i
the laser beam so it casts a shadow that touches
partway onto the film piate.

Reference Beam — the light that travels directly to the
film without striking the object.

Object Beam — the light that strikes the object and is
therefore diffused before it travels on toward the film,

Shuttering. To control the exposure interval, keep a
piece of cardboard leaning against the output end of the
laser, then motnentarlly lift the cardboard out of the way
of the laser beam, and count the seconds (approximate
is OK) for the desired length of exposure, Don't bump
the apparatus and cause vibrations,

Hologram Exposure (room darkened)

Put a filmplate into the plateholder, seating the plate
carefully so that it can't move during exposure. Face the
light-sensitive emulsion side (the side that’s sticky when
touched by a damp object such as your Iip) toward the
laser beam.

For this experiment, the exposure time will be about 2-3
seconds with a 2-milliwatt laser and 8E75HD film; 5-10
seconds with 120-type film. (A method to figure out
optimum exposure time is given on page 26.) Alter
processing, the filmplate should be about as dark as
medium sunglasses,




Processing the Film (room darkened)
¢ Standard darkroom trays can be used,
* D-19 developer, 4-7 minutes, constant agitation,
* Plain water, 30 seconds.
* Kodak Rapid Fixer (omit part B}, 3-5 minutes,
* Running water (lights 0K}, 5 minutes.

* [l youiike, a brief rinse using photo-flo to prevent
water marks.

¢ Todry the plate lean it against a wall, edge resting
on a paper towel.

Quicker Processing. If pinched for time, reduce the
develop, fix, and wash to 2 minutes each, then dry the
plate by sloshing in alcohot for 30 seconds, Double the
exposure time to compensale,

Bleach (optional, makes holograms clear), Simply
dissolve iodine crystals in alcohol, one teaspooniul per
quart. Dip hologram in for a few seconds, till clear, then
rinse with cold or warim water for a few minutes, Use
rubber gloves. (Sometimes an overexposed hologram
can be saved by bieaching, )

Displaying the Hologram (room lights
dimmed)

Put the dried plate back in the plateholder exactly the
way it was during exposure, llluminate the hologram
with the reference beam, but block the swan itself from
view with a piece of cardboard, or remove the swan.
Now looking through the hologram, you'll see a lifelike
holographic image (the virtual image) being recon-
structed.

Real Image (room lights dimmed)

There is also a “real” image, that is, an lmage that stands
out in front of the hologram. You'll have to stand several
feet back from the hologram and look in through it
toward the reference beam., The real image wiil he
somewhat magnified, with only portions of it visibie at a
time. if you have trouble seeing it, try moving your head
back and forth.




Two-Beam Transmission Holograms

Now you're ready to make holograms of opaque objects Exposure Time (room darkened)
in addition to the translucent object of the previous
experiment. With this setup you can get a more opti-
mum ratio belween reference beam anel object beam,
yielding a much brighter hologram.

i you use the subject supplied and arrangement as
shown, exposure is about 10-20 seconds with a
2-milliwalt laser, 8E75 HD film; or 40 seconds with
128-type film. Emulsion side toward laser beam.

Alignment Checklist

1. Mount everything at the exact locations shown.

Filin Processing (room darkened)

Same as page 3.
2. The object is centered about 3" above the
platform and positioned such that the VIEWABLE

SIDE (the part facing the plateholder) sits over DlSpIaymg the HOIOgraln (room hghts

the X's in the photo. Large objects: Affix directly dimmed)
to isolation p Iat‘for m with touch of glue. Small Put the dried plate back in the plateholder exactly the
(Jl)]CClS:}iI][)I’OVISC a pedestal, or use an adjust- way it was during exposure. Replace the 5% beamsplit-
a}bEe-rad:us chuck. ter insert with the 100% insert, then fine-adjust it to

3. The beamsplitter mount (BS) has 3 inserts: direct_ all the energy into the referer.tce beam. Thi.s will
(1) 50%-reflecting, (2) S5%-reflecting, (3) 100%- illuminate the hologram plate as brightly as possible,

reflecting. Using the 5% insert, split the laser
beam into a reference beam and an object beam,
The reflected beam (to use for reference beam)
should strike near the center of Ma,

4. The beam reflected from M2 should strike near
the center of the plateholder (PH).

Adjust M1 so the laser beam strikes the object,

6.  Position L1 at the center of the laser beam, to
spread the light. Position L1 to suit your object
(closer to small objects, farther from large
objects). If you like, put a concave lens (L3) prior
to L1 to spread the beam even wider,

7. Use white paper placed in the plateholder to see
how much light reflected from the object will fall
onto the filmplate.

8. Use L2to spread the REFERENCE BEAM. Move L2
back and forth until the intensity on the white
paper is about two to three times BRIGHTER
than the light from the object.

9. Check that object beam is SAME LENGTH as

reference beam: Relerence path = beams plitter To display the finished hologram, a simpler layout can be
— M2 — center of plateholder. Object path = used. In this case, only an illumination beam is used to
beamsplitter — Mt - front of object — reconstruct the image.

plateholder,
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Focused-Image Hologram (viewable in white light)

Hyou have a favorite color slide. here's o way 1o make 2
hologram from it (Or, if yYouwant oplimun panchro-
matic grey tones, make e Bologram from a black-wid-
white slide.)

Alignment Checklist

E Mount the plateholder PH with its fongest
dimension vertical: thus the filmplale will be
[veled 5 vertical x 4" horizonial,

2. Use the Siereflecting insert for the heamsplit-
ter, parlislly reftecting the laser eam foward
mirror Mz,

3. Check thal both beam paths (from the beam-
splitler to the center of the pialcholder) are the
same length,

4. The groundglass GG, in vertical holder, inter-
cepts the laser beam from mirror Ms and
spreads il over the area of the plateholder —
a reference beam of sorts.

5. The microscope objective Li spreads out the
beam (o illmninate the groundglass iore
broadly.

6. Mount lens L1 curved side toward the paper
that’s in the plateholder, spaced 6.25" from it,
Place L4 such that the beam hits the samne spot
(the center) of the paper alter 1.4 is in place as it
did before,

7. Position lens Ls such that the light passes
through it as well as L4, and hits the same spot
(the center) of the paper after Ls is in Place as it

“did before.

8. Position the microscope objective L2 such that
the broad beam transmitted via M2 will cover the
central area of Ls.

9. Theslide transparency is in a vertical holder,
spaced 9.25" from the paper in the plateholder.
The side the picture is viewed from faces toward
lens Ls. The picture stands on its left edge (its
top is to the side, toward L1). The image is
projected inverted onto the paper.

HY The tall mount near the plateholder serves to
keep the direct light through the groundglass
from striking the edge of the fitmplate, Addition-
ally, lor best results you may wish to minimize
stray light throughout the setup by blocking it
with cardboard, etc,

Exposure Time (room darkened)

Aboul 20 seconds with 2-miliwartt laser, SE75HD film;
A-60 seconds with F20-type film. Emulsion side toward
aser heamy,

Film Processing (room darkened)

Sae as page 3.

Viewing the Hologram

Face yourself toward an overheag Hight bulb or the sun
(rather than a bromd source). View the hologram with
the emulsion sice toward you, the light shining down on
the hologram from above and behind it

White tight beaning down on the hologram from behind is
used to piew the image as shown.







Reflection Hologram (viewable in whijie tight)

This is a popular kind of hologram 1o make. #'s viewable
i white light. plus you don't have 1o be very careful
how you hold it {for viewing or exactly which way yotu
ithaminate if.

i's a reflection hologram. which means it's iluminated
from the front for viewing. [n other words, the rays [rom
the light source don’t come through from behind the
hologram as they would {or a transmission hologram,

Alignment Checklist

1. “Fhe plateholder will hold the (implate 5 vertical
x 47 horizemtal,

2. The object is mounted sidewise rather than
right-side-up,

3. Use the 50%-rellecting insert in the beamsplitter
s0 that hall the Hght goes to mirror Mt and half
1o Mz,

4. The laser beam from M1 should be fine-adjusted
Lo go through microscope objective L1 and
illuminate the object.

[y

The laser beam from M2 goes through micro-
scope objective L2, spreading owt a reference
beam onto the opposite side of the filmplate

from the object.

6.  The tail mounts here serve merely 1o block off
cerlain portions of the light. The mount T keeps
the beam through Li from striking the film
directly — this light should strike only the
object,

7. The mount T2 prevents the reference beam
through L2 from striking onto the very edge of
the filmplate. In other words the reference beam
should strike the entire face of the filmplate
except the edge that'’s toward Ti.

8. The mount Ts prevents the stray light that might
be scattered by Mt from striking the fitmplate.

Exposure Time (room darkened)

Aboul =10 seconds with 2nilliwatt Luser, SETOHID HINTR
2030 seconds with 12000vpe film. Emnidsion side fowird
abject.

Film Processing (room darkened)

SHe as page 3

Viewing

The hologram is best viewoed in direct st preter.
ably while being held in frond of a dark Backgromd 1
after the filmplate is drv, vou apply atight coal flal-black
spray paint Lo the emudsion side. this will serve quite
well as asdark backgrouned.

This reflection hotogram is made in an even simpler way,
The calcalator Is teaned ugainst the film plate. hevhoard
contacting the fitm emuldsion, and is exposed to o brogd
laser beam (for about a second ) with ecervthing sitting
still. This techinique s applicable to reflectice objects
are relatively flat.
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Rainbow Hologram (viewable in white light)

This rather artistic version of a rainbow hologram is
made by a simple, single-step method. It displays a
sharp 3-1) real image of an object which appears in
sithouetie, standing out against a vivid, rainbow-colored
background.

Alignment Checklist

I. Mount the plateholder with its longest dimen-
sion vertical; thus the filmplate will be held 5"
vertical x 4" horizontal.

2, Use the S0%-reflecting insert lor the heamsplit-
ter, partially reflecting the laser beam toward the
long tall mirror Ms.

3. Cylindrical lens Ls (a 5mm-diam. glass rod
mounted horizontally in a ring mount) spreads
out the beam as a long verticat line on mirror M3.
Adjust the beamsplitter, and Mz, until the bright
portion of the line strikes the central part of the
plateholder.

4. Then insert the tall cylindrical lens L7 such that
it transmits the vertical line on toward the
center of the plateholder.

5. Position the vertical groundglass GG about 2"
from L7, and L7 will sharply focus the vertical line
onto GG. The uniform, diifuse light transmitted
by GG will provide the object beam for the
hologram.

6. Microscope objective Lt spreads light broadly
over the plateholder while reflecting it off M2,
This (the reference beam) is brighter on the
plateholder than the object beam from GG.

7. A pilece of cardboard can be taped to a micro-
scope ol')jectlve mount and used as a baffle.
Position it to mask the reference beam from M2
from striking the near edge of the filmplate,

8. Your object is placed in the area indicated.
Orient it sidewise (the edge of the filmplate
toward Ls will be the bottom of the hologram).
Try an improvised wire sculpture as an object,
formed by twisting some paper clips. Make it
stick out sidewise from a chuck mount, and just
far enough from the plateholder so the light from
Mz can't cast a shadow of the object onto the
filmplate.

10

Exposure Time (room darkened)

About 2-3 seconds with 2-milliwatt laser, 8E75HD film;
5-H} seconds with 120-type (ilm. Emulsion side toward
laser beam.

Film Processing (room darkened)

Same as page 3.

To View the Rainbow Hologram

Face yourself loward an overhead light bulb or the sun
(ralher than a broad source). Hold the hologram
horizontal, proper edge down (see 8), and the emulsion
side toward you. The light should shine down on the
hologram from above and behind it. The image will
appear to protrude out from the hologram toward you.
An image that stands out like this is called a real image.

Try also viewing the virtual image, by flipping the
hologram upside-down, emulsion side away from you. If
you have a Fresnel lens, try laying it over the hologram
for viewing the virtual image.

Further Experiments with this setup

Try putting an object very close to the platehoider.
During exposure, some of the reference-beam lght will
reflect from the filmplate and illuminate the front of the
object.

Try making holograms of other things that might look
interesting In sithouette but woutdn’t be rigid encugh
for ordinary holograms such as a miniature plant; also,
of transparent things like small, clear light bulbs,
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Holographic Stereogram Portraits (viewable in white light)

You can praduce 3-D holograms of people, or of any
large-scale objects. Starting off by taking lwo 35mm
slides in the form of a stereo pair, you then permanently
capture these images onto a hologram, which conveys a
vivid sense of depth when viewed.

Checklist

I Preferably take your pholos on Panatomic-X fitm,
and use reversal processing 1o get positive slides
from the film instead of negatives. (You'll need a
direct-positive developing outlil from your photo
store, also some fixer, a lilm-developing tank,
and some standard Irames for mounting your
slides.) Or, use ordinary color slides il you
prefer.

2. ldeally, a pair of side-by-side cameras should be
used to take the stereo photos. (For stationary
scenes you can use a single camera, sliding it leit
and right between shots.} Refer to the sample
stides included in the HL-1a kit,

3. Before setting up this experiment, the elevator
bases under the laser and under microscope
objective L1 should be raised up .15" from the
bottommost position thal is to the half-way
position in height (3.15" optical axis). The
experiment will require alternately raising and
lowering microscope objective L1 a bit from the
3.15" axis,

4. The plateholder is mounted 5" vertical x 4"
horizontal,

5.  Use the 5%-reflecting insert for the heamsplitter,
Adjust the reflected beam to hit the center of the
plateholder after reflecting from mirror Ma,

6.  Check that both beam paths (from the beam-
splitter to the center of the plateholder) are the
same length.

7. Mount lens L4 curved side toward the paper in
the plateholder, spaced 6.25" from it. Place L4
such that the beam hits the same spot (the
center) of the paper after L4 is in place as it did
belore,

8.  Position Ls such that the light passes through it
as well as L4, and hits the same spot (the center)
of the paper after L5 is in place as it did before.

9. Position the microscope objective L2 such that
the broad beam transmitted via M2 will cover the
central area of Ls.

iz

H. The photo slide is in a vertical holder, spaced
9.25" from the plateholder. The side it's viewed
from faces toward lens Ls. The picture stands on
ils lell edge.

1. Groundglass GG spreads the laser Hght over the
area of the plateholder.

Mask off the lower half of the groundglass to 3"
optical axis for the right-eye holographic expo-
sure, the upper half for left-eye, and adjust Li up
or down {o illuminate the unmasked portion;
insert the corresponding slide, left-eye or right-
eye {(see 10), and position it with respect to
parallax. Both exposutes are made on a single
hologram plate as a double exposure. Return the
lilmplate to a lighttight box during left-vs-right
adjustments,

The tall mount near the plateholder serves to
keep the direct light through the groundglass
from striking the edge of the filmplate. Addition-
ally, for best results you may wish to minimize
stray light throughout the set-up by blocking it
with cardboard, etc,

13.

Exposure Time (room darkened)

About 10 seconds for each of the two exposures using a
2-milliwatt laser, 8E75HD film; 20-30 seconds with

" 120-type film. Emulsion side toward laser beam.

Film Processing (room darkened)

Same as page 3.

Viewing the Hologram

Face yourself toward an overhead light bulb or the sun
(rather than a broad source). View the hologram with
the emulsion side toward you, the light shining down on
the hologram from above and behind it. Move the
hologram slightly left and right to align it perfectly with
the light bulb.

These holograms look especially good when the light
source is narrow (left to right) but extended (in height
or length). You can get a narrow-source effect with a
Tensor-lamyp If you stand alongside of It rather than in
front of it. That is, beam the lamp directly off toward
your left and turned only slightly toward you.




You can create Your own stereoscopic iy simply by
displacing a single camera (lelt 1o rigit) between shots,
without changing the camerq angle. A good rule of thumb
for the displacement is abowt 25% ol the camera-to-object
distance, or you can eXagderale the depth effect by
increasing the displacement, 3 Y appropriate shifting of the
fransparencies during mourting, the object should be
made to appear neur the center of cach slide. Such
manipulation won’t be naoticeable provided your photogyy.
phy has been done with a biact bacheround,

B




Optical Image Processing

Coherenl taser light can be pul to use in a wide variety
ol ways for manipulating optical images. A hig advan-
lage (compared to digital computers) is that optical
processors can carry out their jobs so quickly — at the
speed of light, in lact,

In the following experiment, the optical processor
serves Lo separate out lwo distinct images from a pair
that had been double-exposed onto a singte photo. This
is the basic concept of certain special-purpose image
storage schemes — to store the images overlapped as
multipte exposures, then pull them out individually as
they're needed.

Alignment Checklist

1. The light transmitted by the concave lens L3
becomes a broad beam covering the central
portion of lens Ls,

2. The double-exposure (A and B overlapped)
pphoto slide, held in a tall mount, is imaged by
lens L5 to a location 12" beyond the lens. A piece
of white paper, in the plateholder, will make this
projected image visible.

3. About 5" beyond Ls the light focuses to a spot, If
you hold a piece of paper there, you'll find that
actually there is one point that’s quite bright,
plus a number of other less bright points. Half of
the points will hit along a line that runs up and
down from the bright central point, and the rest
will hit along a line that runs left and right from
the central point.

The vertical string of points comes from the one
image in the double exposure, the horizontal
string of polnts from the other. The purpose of
step 4 will be to selectively remove the one
image simply by blocking off the vertical string
of points.

4. Take one of the tall mounts (Tt} and bring it to
where its vertical edge will block off the bright
centrai point and the entire vertical string of
points, as well as the feft or right hal of the
horizontal string of points, but will let pass the
rest of the points in the horizontal string, either
those that run left of the central point or those
that run right of it.

5. Now study the image that's heing projected. [t
will be relatively dim, but now it will contain only
one or the other portion of the doubie exposure,
not hoth.
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Optical Data Storage

Holography provides a very effective methoc for taking
huge amounts of information and storing it on a micro-
scopic scale. The information can be read oui from the
hologram merely by shining a laser beam with the
proper orientation,

The principles of microscopic storage and readout can
most conveniently be studied using familiar data like
numbers, boldly contrasting against a uniform hack-
ground; afterward, you may wish to redo the experiment
with a more finely detailed pattern, which you can make
up out of numbers, letters, binary bits, or pictorial
sCencs.

Alignment Checklist
1. Use the 5%-reflecting insert for the beamsplitter.

2. Check that both paths (from the beamsplitter to
the center of the plateholder) are the same
length,

3. The flat surface of lens Ls should be spaced
about 5" from the plateholder,

4. The light transmitted by microscope objective Ly
spreads as a broad beam to cover the central
area of lens Ls.

5. The 35mm slide of the number pattern, in a
vertical holder, is spaced a total of 6" from the
plateholder. The pattern stands upright, facing
away from lens Ls.

6.  Preferably you should mask off the light from
mirror M1 from hitting the outer edges of the
slide mount and the outer portions of lens Ls, To
do this you can tape pieces of cardboard onto
the tall mount that holds the slide, or onto the
tall moynt near lens La.

7. Adjust the position of lens Ls, back and forth
from the piateholder, until the size of the beam
striking the filmplate fs about 1/8" diameter.

8. Lens Li spreads a reference beam onto the
{ilmplate. This should be brighter than the
object beam, which is the light that comes
through lens Ls and the number-stide.

16

Exposure Time (room darkened)

About 1/4 second with 2-milliwatt laser, BE7SHD film; 1/2
to 1 second with 120-type film. Emuision side toward
laser beam.

{(You can put several, or many, text-slides of information
onto a filmplate by making a sequence of exposures,
translating the filmplate slightly between exposures.)

Devise a cardboard mask with a small aperture for the
relerence beam, so0 as to just illuminate the small area

that overlaps the object beam. This mask can be taped
onto the tall mount near the plateholder,

Film Processing (room darkened)

Same as page 3.

Reading out the Information (room lights

dimmed)

Replace the hologram in the plateholder, but flipped
around left to right (the emulsion facing away from lens
Ls) and the object beam through Ls blocked off by
cardboard,

Remove microscope objective L1 from its mount. Using
mirror Ms, adjust the laser beam directly onto the main
exposed portion of the hologram. A display of the
printed material will be projected out from the emulsion
side of the plate. It can be viewed by holding a piece of
groundglass 6" away from the plate,
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Holographic Interferometry (double exposure)

Holographic interferometry is an amazing visual
technique. M allows us to directly observe the slight
deformations that an object undergoes whenever smalt
stresses of any kind are applied o it. The technique js
extremely sensitive — so sensitive, in fact, that it often
reveals peculiarities in the object’s inner structure, such
as flaws, etc,

This experiment ilustrates the hasic principle of
holographic interlerometry, which is this: to make
evident, on an object, any (even slightest) movement of
its surlace.

An aluminum can will be stressod by a rubber band
slipped around it, and we’ll make a type of hologram
which shows clearly how the stress has deformed
the can.

Thisis a double-exposure hologram. The can is stressed
during one exposure but unstressed during the other-
yielding an image that shows “before” vs. “after”,

Alignment Checklist

1. Same setup as for the two-beam transmission
hologram on page 4. Use the S%-reflecting insert
for the beamsplitter,

2. Recommend: spray a light coat of flat-white paint
onto the aluminum can. It will dry in a few
minutes and will eliminate the harsh reflections
of the shiny aluminum,

3. Put afew touches of glue on the bottom of the
can to attach it to the isolation platform. The
side of the can facing the plateholder should sjt
over the X’s in the photo.

4. Make a double-exposure hologram, glving each
of the two exposures about 7-10 seconds with
8EV5HD film, 20 seconds with 120-type film,
Before turning out the lights to make the double
exposure, slip a rubber band around the alumi-
um can — a weak rubber band, not too tight,

In the dark, in between the first and second
exposures, you must not disturb or push on the
film plate, or on any other part of the apparatus
— just very delicately slip the rubber band off
the can, This removing of the stress is what
causes infinitesimal movement of the can's
surface. Wait a minute, then make the second
exposure,

Film Processing (room darkened)

Same as page 3. “

Viewing the Holographic Interferogram

Put the dried plate back in the plateholder, as i was
during exposure. Replace the 5% beamsplitter insery
with the HI0% insert, and fine-adjust it to direct a) the
energy lo the reference beam, illuminating the hologram
plate.

On the holographic image of the can you'll see 3 pattern
of irregularly curved stripes and rings, called interfer-
ence fringes. These indicate flexing ol the can actuaily a
change (movement) in flexing between the first and
second exposures. Notice that the area near the rubber
hand {lexed the most, and the bottom of the can hardly
at all,

‘the amount of movement at any specific point on the
plate can be determined by the number of fringes that
you count just up to that point — somewhat like tree
rings, but counting upward from the base of the can to
whatever point you're trying to measure. In this setup,
the fringes you count represent successive increments
of 3.7 x 10*mm of movement. For example: Starting at
the base, if you have to pass over § irregularly shaped
Iringes in order to get to some point of interest, then
you know that point moved 18.5 x 10 mm when the
stress was relaxed between the two exposures,

The movement you calculate by this count is motion
that has occurred perpendicular to the surface of the
can. Moving around the can, some areas are bulged out
and some are dimpled inward, (See if you can tell which
is which.)

In this experiment, the con-
tour tines show the stress
pattern of a rubber band
wrapped around an emply
aluminum pop-op can.
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Real-Time Holographic Interferometry

Here is a way Lo watch wilthoul interruption every little
structural disturbance that may occur in an object
disturbances caused by the slightest stresses, by even
the lightest touch of your finger.

Because this is so convenient — watching the effects
right as they occur — the real-time method is often used
* for quality-control testing of manufactured parts,

Note: In industrial situations the technique is made even
more convenient when real-time (thermoplastic) film
material is used -— film which can be developed in-
stantly by an electronic process.

Checklist

1. Same setup as for the two-beam transmission
hologram on page 4. Use the 5%-reflecting insert
for the beamsplitter.

2. Spray a light coat of flat-white paint on the can to
eliminate harsh reflections from the shiny
aluminum,

3. Put a few touches of glue on the bottom of the
can to attach it to the isolation platform. The
side of the can lacing the plateholder should sit
over the X's in the photo.

Exposure (room darkened)

Single exposure, about 15-20 seconds with 8E75HD;
30-40 seconds with 120-type film. After the exposure,
don’t disturb anything in the setup.

HIm Processing (room darkened)

Same as page 3.
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Viewing the Real-Time Fringes (room lights
dimmed)

Put the dried plate back in the plateholder exactly as it
was during exposure; don't disturb anything, not evep
the beamsplitter. Let the laser beam shine into the
sefup,

Looking through the hologram, you see two things at
once - the can itself, plus the holographic image of it,
and the two lock identical (o each other. To compare the
two, momentarily hold a piece of cardboard near the
beamsplitter and use it to block off first the object
beam, then the reference beam.

When you view both simultaneously, though, there is
optical interference between them, and fringes appear
on the can. Any deformations of the can, which you
might cause simply by touching it, are indicated by
changes in the fringes.

You may see some fringes even without touching the
can. This is simply because the hologram plate has
moved slightly, from where it had been during the
exposure. Although we may try to get the plate back
exactly where It had been during the exposure, usually
we only manage to get it approximately there,

Sometimes the real-time fringes can be seen more
vividly if we replace the 5% beamsplitter insert with the
50% insert. However, exchanging the inserts wil disturb
the setup so much that the beamsplitter (and perhaps
the object-beam mirror) will require readjustment to
achieve proper illumination, and this in itself will cause
additional fringes. Still, when you touch the can the
fringes will move, which is the lmportant thing,







Vibration Analysis (time-a« o0

Much of the machinery used in the modern world
operates by means of motors and other internal spin-
ning parts. This [requently causes equipment to vibrate
and thus make noise,

I it is desired to make some piece of equipment less
noisy, the designer needs to first understand precisely
the nature of the vibration, and for this purpose time-
average holography is quite useful, because it provides
a visual display of the vibration.

If a hologram is made of an object that is being steadily
vibrated, the resulting hologram will have fringes in the
image, which indicate the exact amount of vibration at
every point on the object’s surface.

Setup

This'is the same selup as for double-exposure inter-
ferometry on page 18. The only difference is that the
object you use in the present experiment is assumed to
be one that vibrates.

It is essential that it be an absolutely steady, unchanging
kind of vibration. The vibration should be great enough
for you to feel it, but rather slight to the touch. For
example, you can use a small speaker that's connected
to an audio oscillator.

Experimental Procedure

You skmply make a single hologram exposure (perhaps
20 to 40 seconds) of your steadily vibrating object.
However, the result will be very much like a double
exposure,

The vibration is actually a very rapld back-and-forth
movement with a brief pause every time before it
reverses direction — and it is almost as though you
were making a double exposure of these pauses at the
two extremes of the motion. In fact it's okay to think of
things exactly this way, and so you can measure the
amount of motion at any point on the object just as you
did in the double-exposure experiment on page 18,

(For more details refer to a textbook, such as Hofo-
graphic Interferometry by C.M. Vest, publisher John
Wiley & Sons, N.Y,, 1979, especially chapter 4)
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iterferoniciryy

This hologram of a 6" x 6" x 14" aluminum plate uibrating
al a resonand frequency of about 400Hz was taken with
our INSTANT holographic camera, An electronically
developed thermoplastic plate is used o produce the
hologram right inn the camera in less than 10 seconds after
exposure. This thermoplastic film is relatively expensire
compared to sieer halide, but the plate is erasabie
(reascbde move than 300 fmes ) to make proershot cost fon







Michelson Interferometer

An interferometer is a kind of setup that's typically used
for examining optical companents and instruments to
see that they don't deviate from proper operaling
conditions. There are actually many different kinds of
interferometers used for Mmany specific kinds of testing,

The Michelson interferometer of the following experi-
ment serves to show up any air drafts (even your breath
or the warmth of your hands) which may be flowing
over the isolation platiorm and creating a disturbance,

The way it works is that we precisely match up two
separate optical paths against each other, and if the air
in the one path ever gets disturbed relative to the other,
we'li see undulating fringes (rippling and moving) being
projected out of the interlerometer,

Something to remember: Provided the fringes you see
don’t move too much, you can be confident that your air
environment provides a good enough place for a
holography lab — your opticai paths atop the isolation
platform won't be prone to disturbances.
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Alignment Checklist

1. Fhe portion of the beam that the beamsplitter
refllects will strike mirror My, The transmitted
portion strikes Mz.

2. Mirror M2 reverse-reflects the bearn and makes jt
retrace its way back over exactly the same path,
back to the beamsplitter and back to the laser.

3. Fine-adjust mirror M2 whiie holding a piece of
Paper up in front of mirror M. There will be a
number of light beams (of various sizes) striking
the paper, but by proper adjustment of Mz you
can make several of these beams merge into a
single spot of light on the paper. Then readjust
M2 slightly until the second-brightest spot
strikes just above Lhe brightest one,

4. Microscope objective Li is used to spread out
the light beam that exits from the interferometer,
with the result of displaying the light broadly
onto a piece of paper held in the plateholder, If
the light beam is too high or too low where it
strikes the microscope objective, then you
should fine-adjust the beamsplitter to correct
this problem, and while doing so hold a plece of
paper in front of mirror M.

5. Now, with a pdiece of paper held in front of Mz
instead, adjust M1 to merge the several spots
that overlap on this paper, and then readjust M
slightly until the second-brightest spot strikes
just above the brightest one. This will simulta-
neously make the brightest beam reflected from
M) transmit out through the microscope objec-
tive Lt to illuminate the paper in the filmplate
holder.,

6. Remove the paper from in front of Mz, and tilt Ma
slightly left or right until vertical fringes appear
on the paper in the filmplate holder,




Studying the Interferometer

The following kinds of disturbances which sometimes
cause problems in precision laser-optical systems can
all be illustrated using the interferometer:

Mechanical Movement. If any components in the setup
move unexpectedly (for example from elastic stress-
strain or from thermal expansion), even very slight
movement, this changes the optical path from one
component to another, hence altering the optical
effects. You can illustrate this by touching the back of
one of the mirror mounts, which will flex it forward
slightly, thereby shortening the optical path to the
mirror. Notice hiow this causes fringes to move across
the blown-up output display, moving one fringe to the
next for each half-wavelength, 316 x 10mm, of motion.
(Provided that the base of the mount is fastened down
snugly, the mirror will assume its proper condition again
as soon as you stop touching it. )

Any motion of the interference fringes would be a
serious problem if it were to occur sometime when
you're making a hologram exposure, because the
motion of the fringes makes a blur on the film.

-~
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Thermal Variations. The optical paths can also be
affected if there are sudden temperature changes in the
air over the top of the isolation platform, especially if
this happens along one laser path but not the other. You
can observe the effect by blowing your breath into the
one path, or holding a burning match (or even your
warm hand) just beneath one of the paths,

Fluctuating Laser Modes. This is a quite different kind of
disturbance, and although it occurs in most laser setups
itis relatively harmless provided that your optical paths
(object beam and reference beam paths in holography,
for example) are approximately equal in length,

The most common mode fluctuations are those due to
thermat expansion of the laser during the {irst hour or so
after it's turned on. Since the laser is extremely sensitive
to such changes of its dimensions, its output beam will
nhoticeably change shape as a resull. Actually the beam
will change over and over again, from one shape to
another, as the laser keeps expanding ever so slightly
longer and longer during warm-up.

Fortunately the change of beam shape cdoesn’t cause
much movement or blurring of the interference fringes,
and so it won't much affect our ability to make holograms.




Test Exposures

When you're doing a particular holography experiment,
you can find an optimum expostre just by taking a
single lilm plate and exposing several different patches
on it lor various lengths of time.

Here's an easy way Lo get four distinet exposure patches
onto a single film plate:

Take a 4" x 5" piece of black paper (such as the paper
that film is wrapped in) and cut 2 1" sqjuare out of it,
such that one corner of the 1" square is located at the
very center of the 4" x 5" rectangle. This piece of paper
then can be lfaid over the film in the plateholder with
four different orientations, in order to expose four
different segments — upper lefi, upper right, lower left,
and lower right,

During your test, deliberalely deviate from the exposture
you guess to be the hest value; instead, take exposures
of 4, %, 1.5 and 3 times whatever is your guess. You can
tell if your guess is right, because after development two
of the patches will be overly dark and two will be overly
light.

Another method is to use our Model EM- Exposure
Mask. With just one exposure, its six calibrated filter
wedges will identify the correct exposure.

How to Copy a Hologram

You can make replicas of almost any transmission type
hologram you may have.

Return the finished hologram to the plateholder for
viewing, that is, iluminated by the reference beam
alone. In case you don't already know how the plate had
been arranged relative to the reference beam for making
some hologram you happen to have, then you'll have to
find that out — which you do just by rearranging the
position and angle of the plateholder until you've made
the image in the hologram look as good as seems
possible.

To replicate the hologram, simply expose a piece of film
to the reference beam alone, almost as though you were
making an ordinary hologram exposure, except {or this
one difference; Keep the original hologram mounted in
the plateholder too, overlaid on top of the fresh film
while you make the exposure. This of course will reduce
the amount of light that reaches the film, so you’ll have
to adjust your exposure time to compensate,

-~
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