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Teaching photonics is greatly enlivened by dematisins of practical holography. One of the
more impressive varieties of display holographyhis portrait hologram. However, the large
number of complicated, time-consuming steps reduite produce traditional portrait
holograms makes it an unlikely process for dematisin and practice in a classroom
laboratory environment. This paper presents a gt producing simple portrait holograms
using the Denisyuk single-beam (Deep Hologram) oebthnd a single stereoptic pair of
images, which can be performed, start-to-finisha istandard 3-hour lab period. Possibilities
for expansion of the technique to larger numberisnaiges, potentially approaching the quality
of multiple-image, master hologram-transfer holograaditional portrait holography, as well
as strategies for multiple and single beam illuioreare discussed.

1. Introduction

A post-secondary degree program in Photonics wilitain courses dealing with optics and lasers. afunal
approach which combines these subjects is foundhdlography, usually implemented in a one-period
laboratory. At TRCC (Three Rivers Community Colletwrwich, CT), holography is introduced throughotw
hands-on experiments in which a single beam Deki$ylogram and a transmission hologram are produced
This approach is not limited to colleges, since regor producers of holography kits provide fixtsir@nd/or
directions to produce Denisyuk holograms as a fitep. The addition of laser pointers to the bt
available coherent sources has decreased the fcestry, to the point where many students entedoliege
may have already completed a number of successfuilsuk holograms and may be ready for somethingmo
advanced:*?

One of the more impressive varieties of holograjshthe portrait hologram or holographic stereogrémthe
canonical Benton approdatha series of black-and-white images are shot usitamdard photographic
techniques, but in a sequence of positions aldieaangent to a circle whose radius is the neagsroach to
the subject. The film is processed directly to $garencies and multiplexed into a hologram in efripsing one
of various transmission hologram processes, sodhelt successive image in the sequence is encotted i
subsequent stripe. Care must be taken in photogr@pavoid keystoning, and, when striping the traission
hologram, to ensure that the stripes do not ovatapthat spaces do not form between them. Meahants
ensure this have been developed and reported lite¢reture which range from simple to expensiwgpaated
complexity. Once processed, this hologram is used as a masidransfer to a reflection hologram. This last
step distributes each point in the master holograrnss every point in the reflection hologram, elating the
appearance of stripes. Because of the angle of wieieh is associated with each stripe, the resyiiteflection
hologram delivers a stereoptic pair of images twhesye, appropriately registered and located te gigense of
three-dimensionality. These image pairs are esdbnidentical to paired images used in the 19thtaey
stereoscope (still extent today in the commerdiaW Master"). However, when a sufficiently largember of
views (varying in the literature from five or sia hundreds), each giving a view from a slighthfefiént angle,
are provided, the viewer gets a sense of occlugibith is normally missing from stereoscopes.

Unfortunately, the optical setups required for makportrait stereograms and the time required Herthree
recording and three processing steps generalljysies their use in post-secondary class labs. ditiad, the
set-up for striping successive images into the enasblogram requires accuracy and repeatabilityprier to
line the edges of each strip up exactly withoutrlapping or leaking light between the edges ofdtnipes.



This paper describes a process for creating atyasfesingle-beam hologram which makes use of thguéar
selectivity of single-beam (Denisyuk) volume holaigps to register a pair of two- dimensional imagesing
a stereoptic pair, overlapping, in the emulsione Thsult admits reconstruction of both images usmng
sources of reconstruction illumination, with eadhtlee images forming on one side of the normalhe t
emulsion center. Additionally, suggestions are git@vards establishing a single-period laboratomrese in
which the principles of three-dimensional percepticolume holograms, and angular selectivity ateoduced.
Finally, some discussions of the shortcomings afenu understanding of volume holograms with regaal
successful geometries is given, and a wish lititnfre topics of exploration which might grow frahe subject
are introduced.

2. The Denisyuk Hologram

An in-depth description of the Denisyuk holograms @areflection, deep or volume hologram) is beytira
scope of this paper, as it is already very welteced in the literaturd®’® A simplistic overview will be
provided which highlights the characteristics @lume holograms (of which type the Denisyuk is most
elegant), emphasizing angular selectivity.

The single-beam volume hologram is a simple affdirstrated in Figure 1. In recording (1a), a glgdate or a
piece of film, constrained to avoid motion duringesure, is placed directly in front of an objestia suitably
spatially-filtered, spread laser beam is shineduph the emulsion to illuminate the object beyoite
illumination beam forms the reference beam assses through the emulsion and the object beamrasiins
(Figure 1a). This creates standing waves in thalsion, angled and spaced according to the anglecd
between the reference and object beams. The biggfdtiois angle AB) is, according to Gabor and Strokes, the
angle bisector between two face-edges of a congresdtest reconstruction, one of which face-edgesiso
along the axis of the reference beam. This infless & certain amount of control is possible overltitation of
brightest area of reconstruction if the conditiohsecording and reconstruction are controlled.

Unfortunately, simple calculations to predict tbedtion of these areas of visibility from the getnes used in
recording and reconstruction are not to be found, this is not surprising, since most of the equegtiused to
explain the subject are extremely complicated ardbased on varying or difficult-to-discern paragnst(such
as emulsion thickness and wavelength). In additionan object of more complexity than a singlenpair
short line segment, equations quickly climb intovaatted calculus. Perhaps the best approach isllawfo
Gabor and Strokes’ conclusions: the greatest brégst of reconstruction can be expected in a codesasibed
above, with two axially-concentric cones (FigHp, which enclose the cone of greatest brightn€3sahd
define the edges of extinction. If the problemeaduced, for instance, to the plane perpendiculéingmlate’s
horizontal centerline and intersecting the viewewyss, it should be possible by experiment to ergeometry
for recording an image which, when reconstructgdtsingle white-light illumination source, prodscone
image that is visible on the opposite side of ptaiemal(N). Using two such images, recorded and illuminated
from opposing sides, will produce one image vistbl@ach eye without the other eye's view beinduped by
the wrong image. Further constraint, namely, catly the recorded image®) to 2-dimensional images
printed on paper, is expected to reduce experirheataplexity further, although in fact this may ther
complicate the math.
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Figure 1. Schematic showing Ima@epressed against the emulsion side of the plaustriiting recording and reconstruction of one imag




Experimentation proved to be the only way to deteena working geometry.

3. Experimentsto Establish a Geometry for the Denisyuk Stereogram

The first step was to prove that a plane imagesgsagainst the emulsion of a glass plate (SlaAteG-03M)
could produce a reconstructable image, viewabighite-light. Further, these tests looked for a ckedinction
point where the image would cease to be viewedkdas angle to plate-center normal in the x axige first
image was made of a slide rule, because the obgxf high contrast, had fine markings, and wéisl.sbhe
results were very satisfactory.

Subsequent tests used images printed on variouegmef printer paper by a laser printer. The essfults
were disappointing, until the "bad spots" were ggiped as interferometry. Using a second glas® ptaback
the image paper and butterfly clips to hold thegdaogether helped to stabilize the paper withithage.
Additionally, long (10 minute) rest periods aftdagng the plate on the table allowed the platesgoalize in
temperature eliminating movement caused by the t@ichanges in size of the glass. This eliminategtmo
signs of interference.

Finally, an experiment using paper images whicliceteéd the angle of recording illumination to thele (later
translated to angle-to-normal) was made, processed tested with illumination at various angles &man
various viewing angles.

The plate marked for an angle of +60° to plate @biire., with the illumination source to the rigtftthe plate
and at the same 60° angle that was used for rexprdias found to produce a left-side-of-normal imadhich
abruptly disappeared about 13° to the right ofrtbemal when a single-point viewer (one eye) wasught
across the plate from the left. This plate wasteataround the normal by 180°, and when illuminatét the
same reconstruction beam angle, but also rotatdanedrnormal by 180°, produced an image to the right
center, which also extinguished for a single-poihbbservation moved from right to left. When vielvigom
the other side of plate normal, in both casesjrifage did not reconstruct. In reconstruction, #henstruction
area (between the extinction cones) can be shiftealy from the angle bisector by increasing the exta
normal of the reconstruction beam. Placing tharilhation source at approximately 70° to plate ndrshited
the extinction point to within 2-3° of plate normal

This indicated that, for conditions in the authdwsne lab, using Slavitch PFG-03M plates and J¢g8sing
chemicals, a proper Denisyuk stereogram could berded using 60° as the illumination angle to ndrma
illuminating from the right side to record the léfhage and the left side to record the right imame] the
result, when viewed straight down the plate ceimerhormal and illuminated from near to 70° fronthbsides
should produce a viewable stereoptic pair with mailicrosstalk between the two images.

4. Using Denisyuk Portrait Stereogramsfor a Post-Secondary Laboratory Experiment

The exact geometry to be used must be determinfedeband, since the angle of illumination giventtiis
paper was specific to the laser, emulsion and cteynused in the author’s lab. This might be aneizat
extra-credit lab for an advanced student or stugesup.

For a completely new installation using differentudsions (or film instead of plates) or differeeenistry, a
recommended approach is to record a set of Denibgldgrams with the reference beam at varying angfe
illumination from normal. The angles could be eB&ied by a mirror on a pivoting, lockable extemsiahich
can be rotated around the hologram to redirect fighm a fixed laser to the plate. In such a caskorizontal
slit placed just after the spatial filter can bediso make a line of light on a piece of verticatdstock aligned
along the x axis of the plate-position midpoint,iethcan be marked beforehand with the angles imtgnd
Likewise, with a laser pointer, it is feasible t@umt the pointer on the pivoting arm itself. Instiesase, the laser
can be fixed to the arm and the arm's angle-to-ab(wmith a slight adjustment for elevation of theqt point)



can be used directly. The author is blessed withsar diode pigtailed to single-mode fiber at thedd's
wavelength (658.6nm), and has mounted the fibenector to his pivoting rod, using a small, cleaggative
lens to increase the spread of the beam over thefNlde fiber. With only the weight of the connecémd fiber
on the rod itself, very little is required to lotkimination in place.

Once a desirable angle is determined, a Denisyeleagram can be made using a geometric stereogtic p
(such as a wire-frame cube) to record right andifedges. This can be used to determine if theltieguright
and left images have sufficient brightness at th&tipn of the viewer’s eyes, and ensure that inagelap is
acceptable. It is not necessary that the imageaidn edges are precisely aligned, it is suffitidat balanced
views of each image are presented to the apprepriat without crosstalk.

The following is an example of a possible lab scenalt should be mentioned that, even with the
simplifications, this lab can be lengthy. It is dabkle to distribute the lab sheets before the dtrts and
encourage the students to have familiarized thamaselith the particulars before beginning the |&biqa.
However, since many of the steps can be performegarallel, oren masse (such as development and
bleaching), it is quite possible for each membea ¢db group to make their own Denisyuk Stereogwathin

the given lab period. The laboratory manual produeg Project PHOTON2 (NSF/ATE #0302528) included a
procedure to produce a Denisyuk hologram using mag¢deincluded in the PHOTON2 lab kit. The procezlur
that follows is an adaptation of the PHOTONZ2 experit, which assumes students have already comgleted
basic Denisyuk hologram experiment.

<<Beginning of example lab>>
Denisyuk (" single-beam™) Portrait Stereogram

Safety Notes

Do not look directly into the laser cavity, or atyareflections of the laser caused by shiny
surfaces. In this experiment, the beam will be diratthe optical table: so spread the beam first,
then angle it towards the table, to avoid powesfugcular reflections! Limit personnel in the lab

to the minimum number required to perform the lab.

Preliminary notes

Have all developing chemicals mixed and arrangeth@é order that they will be used before
beginning. Be sure to follow directions on the mgts. NOTE: Bleach, rinse water and photo-flo
solution do not degrade, so they can be mixed beftbrehand and left standing in covered trays.
Part A and B can be made beforehand if they arggezfited, but should be mixed when the lab
begins.

Check alignment of the optical system before exposthen check it again.

The safelight for red sensitive holography filmgigen. A green nightlight, placed away from the
film developing process, will work well.

During exposure, the entire optical set-up mustaienvibration free. Ensure the set-up has had
plenty of time to settle and equalize to room terapge from handling. Do not move around,
make noise, or touch the table during exposure.

Be sure to dispose of spent chemicals safely,atig all state and local regulations.

Objective
To create and view a Denisyuk (single-beam) hololgiastereogram.

Equipment and supplies

Developing chemicals, mixed per instructions onghekage



Trays or bowls for developing chemicals

Source of running water (or large pail of tap whater

Holography emulsion plates

Breadboard with magnets to hold holography emulpiates

Masking tape (black is preferable)

Pointer laser without lens, or fiber-delivery lasgistem with spreading negative lens,
630-660nm (or a HeNe laser beam which is spread $patial filter, negative lens or reflection
from a concave mirror)

Laser mount or connector adapter with appropriagts) swivels and post holders

Digital camera

Computer with digital camera interface (or carddesy and appropriate software (the
Gimp or Photoshop)

Rare-earth magnets to secure the edges of thequateg recording (voice-coil magnets
from an old hard disk drive are ideal! Cover theithwubber tape to reduce the stress on the plate
edges.)

Opagque cardboard for shutter and light-stops

Matte black spray-paint

Two illumination sources, White light point sourceih adjustable supports

Theoretical background

Photography captures a 2-dimensional image of aesdecused through a lens and aperture to
place the image plane on the film or sensor. Goayespictures (black and white) with acceptable
representation of skin tones are easily producedvéighting the film or sensor's response to
different colors or by computer post-processing.twb images of a scene are captured by
photography from slightly-different locations (slari to the position of a human's eyes) the
resulting pictures can be superimposed by preggiitie appropriate picture to each eye. These
images are called stereoptic pair. The mind of the viewer will knit the two images dnbne,
perceiving three-dimensionality from slight offsétsrecognizably identical objects between the
two pictures. This three-dimensional presentaticks$ two important features of depth-vision,
occlusion (further things disappearing behind neahengs as you move your head) and
accommodation (focus-changing which provides anotthée to depth), and yet it has been a
popular method of providing 3D views for over a ttey. (The primary steroptic viewer, the
traditional Stereoscope was designed by authore®Wendell Holmes in the late I @entury!)

Holography captures the entire scene in the enmlsmmplete with dimensionality, by
interference between the reflected object light d@hd mutually-coherent reference beam.
However, the monochromatic characteristic of laléght (which cannot capture skin tones),
coupled with its capacity for large amounts of ggemake it ill-suited for taking holograms of
living subjects. Further, the small movements af @irrents or relaxing textiles make many
objects unsuitable for hologram subjects.

The solution to the problems of direct-laser-illmation of portrait subjects has been solved by
holographic stereograms. This process uses multijgheires of the subject, each taken from a
slightly different position, and encodes them iatdologram in stripes. Each stripe acts like a
vertical window into the subject space, presensrglightly different perspective. Taken together,
these images provide a sense of smoothness (kkstithframes of a movie, when viewed above
the “flicker rate”), allowing a sense of perspeetiyparallax, occlusion and, because each stripe
reconstructs the object wave, requiring the eytos differently to resolve objects at different
virtual depths, accommodation. The process is #&smthy, requiring special photographic
processing, complex optical setups, and recording@ holograms.

The Denisyuk Stereogram which you will produce auay’'s lab is a simplification of this
process, but retains the significant features loblagraphic stereogram: two images, taken with a



digital camera, will be encoded into a Denisyukdgoam so that each image reconstructs for one
eye of the observer.

In the Single-Beam Reflection Hologram lab, you have already created a Denisyuk (single-
beam) hologram. This type of hologram is viewahblevhite light, but you may have noticed that

there are angles of illumination which do not reteethe hologram image. Likewise, you may

have noticed that there are angles of viewing, frelich the image is not visible, and that the

change from bright reconstruction to no reconstoucat all is quite abrupt. This is the result of

angular selectivity, which is a characteristic efiection holograms. By changing the recording

illumination angle, multiple images can be storedne hologram and selectively reconstructed
by changing the angle of the reconstruction refezen

Angular selectivity in reflection holograms comeasnh the similarity of the fringes which form in
the emulsion to volume gratings. In general, thgl@formed between the object beam (extended
through the emulsion) and the reference beam ¢sftall an angle bisector. When the image is
reconstructed, the brightest image will form anlangith the illumination reference beam which
has the same bisector. Additionally, the imageecbnstruction is brightest here, but falls off on
either side.

If the illumination for recording is angled apprmately 60° from plate normal, for an object
which comprises a two-dimensional image pressethsigéne emulsion of a PG-03M holographic
plate (Slavitch), the resulting image (with a wHitght illumination source near 80° to normal)
will reconstruct near the opposite side of theglairmal. This is shown in figure L-1.

N AB
Object : Ref Ref
reflections . ’
\\;Z: ] |
Figure L-1a. \m/ Figure L-1b.

Figure L-1. In recording, the reference illuminatiBef passes through the plate and emulsion, strikes the
imagel and returns almost immediately. Because of tbeecproximity of the image to the emulsion, the
predominant reflection acts near-to-parallel to tioeemal N. The resulting interference pattern, a complex
volume grating, develops an encoded angle bisgetarghly 60° in this case). When the hologram is
illuminated (at a slightly different reference aggby white light, the reconstruction forms in anearound

the angle bisector (only the left cross-sectiombich is shown, for clarity). The bounding curvetiois cone

C identifies points of maximum reconstruction brigbgs, with two concentric cones marking the
boundaries on either side where extinction takexel By increasing the angle of the reconstruction
illumination, the cone of maximum brightness iswkd in the opposite direction from normal, to tké |
side. The left eye in Fig. L-1b sees the image]entie right eye does not.



The two images which will each be encoded into gimgle holographic plate will be recorded
with reference illumination from opposing sidestlé plate normal, so that their reconstruction
cones will form on either side of the plate norn&ihce the reconstruction forms to the left for
right-side recording illumination, and to the right left-side illumination when illuminated from
one side with white light, we will be using the gestry shown in figure L-2. For simplicity,
inverting the second image and rotating the pl&®@° labout its Normal will allow using a fixed
recording reference beam.

Right image 602
Ref

Left Image
Ref

A |

]

Figure L-2. Each image is recorded with a referdneam coming from the opposite side of plate narimapractice,
rotating the plate and second image allows usifigea reference illumination. Reference rays repnespread, filtered
beams.

This geometry will yield a hologram in which two ages are recorded. The two images will be
reconstructed with a pair of illumination beamatfiropposite sides at whatever angle provides the
best image visibility for each of the viewer's ey&sin figure L-3.

Rt. Lft.

Ref Ref

Figure L-3. On reconstruction, the visibility spadermed will superimpose the proper image on esfcthe viewer's
eyes, the right image for the right eye, and tliieileage for the left eye. Angling the reconstrogtillumination beams
further from plate normal deflects the reconstciway from the angle bisector AB, shifting thértion point near to
the plate normal, and making the left image recansfor the left eye but not the right eye, antewersa.
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Procedure

NOTE: This procedure assumes the use of PFG-03M giates (Slavitch) and JD-4 developer,
available from Integrafhttp://holokits.cony. If you use different film or developer, constie
manufacturer's instructions.

Set-up

Pour enough developer (equal parts A and B) inte developing tray to cover a film plate
(around 2 cm deep.) Pour a similar amount of bléaitha second tray. Fill a third tray with water
only and add a few drops of Photo-flo. Have a sewtrunning water nearby. (If no running
water is available, a large bucket of clean tapewaill do.)

Arrange the counter so the film plates and develppiays are readily accessible. Clear away any
other objects. Remember, you will be developing fih the dark!

Set up the laser, any required lenses, mirrorglens] etc. to provide illumination of a spot on the
table slightly larger than the plates. The incomamgle of this spread beam should be 60° to the
table normal (i.e., 30° from the table surface)a¢ig the illumination 8" above the table and
directing it down at a point 14" away from the @efion point will provide an angle of 30° to the
table.)

Choose a suitable subject: lab partners make gobjgas! Take two pictures of them with the
digital camera using the "shoot-lean-shoot" procedinsure the camera is level and moves
horizontally between the two images by about 4.

Transfer the images to the computer, convert treegrey scale and size them to print out at the
dimensions of the plate. Place the images sideid®/for printing and test them by looking past
the images (through the screen) until the imagesrsmpose. (If this is difficult, it is possible to
arrange the images so the right-eye image is onettethen cross your eyes to overlap the
images.) When the images are superimposed andey@sr grow accustom to them, they should
fall into focus and you will see the three-dimemsility.

Print the images and cut them out. Trim them tacydhe dimensions of the plates being used.
Rotate the right-eye image 180° and tape it tadbée so that it is centered in the spot. The right
side of the image should be toward the diversiontpor laser if direct illumination is used) and
perpendicular to a line between the center of gfod and the deflection point. Tape all four sides
so that the paper lies flat. Then, tape the ottmaige over the first (the top of the second image
should be in the same direction as the bottomefitkt) and tape only one side to the table.

Block the beam with the shutter, turn off all lighbut the safelight, and close doors and light
barriers.

Take a plate from the darkbox, and close the barptetely. Determine which side of the plate
has the emulsion (the emulsion is sticky when tedalith a moistened finger.)

Place the plate over the upper image so thatghslwith the image edges, with the emulsion side
down. Place the magnets so that they grip the edfése plate from above and compress the
plate onto the images.

Wait for at least 10 minutes for the plate to eipeatemperature from handling. Lift the shutter
and hold it so it still blocks the beam, withouti¢hing any part of the table or optical set-updbr
least 15 seconds to allow the table to settle fanmvibrations.

Lift the shutter completely to expose the platedbout 15 seconds.

Replace the shutter.

Remove the magnets and lift the plate. Rotate Idte 180°, and remove the top image, tape-and-
all. Place the plate on the lower image and alignddges. Replace the magnets so that the image
is compressed under the emulsion side of the plate.

Let the table settle and the plate equalize tentperdor 10 minutes.

Lift the shutter, and as before, continue to blttekbeam for at least 15 seconds.

Lift the shutter completely out of the way and espdthe plate for 15 seconds.

Replace the shutter.

Development:



1. Puta plastic glove on the hand you will use foredeping the plate.

2. Develop for 1 minute in the A+B developer mix. Hdlie plates at the edges and agitate by
shaking back and forth with the emulsion compleipmerged. Rotate the plate from time to
time to expose the edges that were covered byfirmgers.

3. Rinse for 1 minute.

4. Bleach for at least 15 seconds after the platéesr in the safelight.

5. Rinse again, then dip in photo-flo for 5 seconds.

6. Air dry the emulsion. The holograms will not beille until the plate is entirely dry. The
impatient can employ a hair dryer, but be carefitlto hold it too close.

7. When the emulsion is completely dry, spray-pairg #mulsion side with black, matte paint.

Although this coating is not absolutely necessinmyjll vastly improve the results.
Viewing:

Use two matched point sources of light (a lightbbuiill work at sufficient distance) placed at
about 70-75° from plate normal on either side &f fiate. Viewer position should be with the
plate center directly in front of the viewer. Diste from the plate may be dependent on the
viewer. Test the two images by closing one eye tiia. There should be an image visible for
each eye, without two images appearing to one A&gjist the location of the light sources for the
best image for each eye which doesn't produce agéror the other eye, turning on one source
at a time. Once this viewing point is found, tugiion both sources and opening both eyes should
reveal a 3-dimensional image!

Conclusion

Describe the differences between the Denisyuk asempic hologram and a "real” hologram.
What is missing? Did your two images register priypand superimpose with a minimum of
viewer strain? Was the color of each image idelti¥ghat might have caused a difference? Can
you think of ways to improve this process?

The portrait holograms in the hall display and theghich we viewed on our visit to the MIT
Holography Museum are made differently from the iSgwk stereogram. Where our Stereogram
has only two images encoded into it, the traditiggmatrait hologram contains many views. Each
of these images is "striped"” into a transmissioledram, and the resulting multiplex transmission
hologram is transferred to a reflection holograntiteate the white-light viewable hologram you
saw. What would be necessary to be able to store mmges into a Denisyuk Stereogram?

<<End of example laboratory>>

5. TheFuture

The Denisyuk Stereogram process currently canhigliproduce a dual-image stereogram. Further werk i
necessary to discern a simple geometry, which eaexpressed in understandable math, which williptede
width between the extinction cones, allowing contneer how many images could be multiplexed inirayle
Denisyuk hologram. Additional simplified calculati® that will predict the required reference beamleand
allowable deviation from spherical or parallel wawats required to produce a visible region wittrsided
extinction edges in three dimensions are much todésired. The more images that can be stored in a
holographic stereogram, the more smooth the tiansitboetween views, and the more ‘natural’ the apgece

of the resulting 3D image.

Multiple-beam illumination is required for this kirof Denisyuk stereogram. A single-illumination aggch is
desirable. None-the-less, there are applicatioreyevmultiple fixed, selectable illumination soureesrking on
one Denisyuk stereogram with a different stereoptir encoded to each angle of illumination migkt b



interesting. One such possibility would be supepased images, selected by the presence of illurnim&tom
specific angles, causing (for instance) a bottlagpear and disappear in a subject’s hand. Othmbications
of stereoptic pairs, singly or in combination, ntie possible.
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