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Holography: An Example of Diffraction

The Pre-Lab Exercises must be completed BEFORE entering the Lab. In your lab notebook record
data, explain phenomena you observe, and answer the questions asked. Remember to answer all
questions in your lab notebook in a neat and orderly fashion. No data are to be taken on these
laboratory sheets. Tables provided herein are simply examples of how to record data into your laboratory
notebooks. Expect the in-lab portion of this exercise to take about 3 hours. Please note that a formal
written report is required for this Laboratory Exercise. Specific guidelines will be provided by
the TA.

PRE-LAB EXERCISES
PL4.1 — Get Prepared to Start the Laboratory Exercises

Read the entire laboratory handout, and be prepared to answer questions before, during and after the lab
session. Determine all the equations and constants that may be needed in order to perform all the
laboratory exercises. Write them all down in your laboratory notebook before entering the Lab. This
will ensure that you take all necessary data while in the Lab in order to complete the lab write-up. This
preparatory work will also count toward your Lab Exercise grade.

PL4.2 Preparation for Making Holograms

In Lab Exercise 4.2, your group will be making one type of hologram. You will have the option of
making: (a) a Denisyuk single-beam white-light reflection hologram (simplest), (b) a two-beam or multiple
beam reflection hologram, (c) a two-beam transmission hologram (must be viewed with a laser) or (d) a
rainbow hologram (pseudo-color — but it takes quite a while to setup and develop). For those with little
or no experience with optics or holography, this is a great opportunity to get your feet wet (pun intended).

For this section of the Pre-Lab it is your job to find out more about these types of holograms - everything
about exposure of the holographic film, its development, and processing will be explained on lab day
However, before coming to the Lab you are advised to do some outside research on how to configure the
holographic recording and readout setups for each of the four types of holograms listed above.

After you have decided which hologram you want to make, make a detailed sketch of the recording
system you will use. — this includes placement of the object, lenses, laser, mirrors, beam splitters,
holographic plate, and any other items you might need (e.g., slits, wave plates, irises, etc...).



Here are some useful tips to consider before coming to the MOL to make holograms:

(1) You should bring some znteresting objects from which we can make holograms. Such objects should
not be dark in color, nor should they exceed a volume of 37x37x3”.

(2) Those students whose objects we use will be able to take home a copy of their hologram. Otherwise,
holograms made in the MOL will be archived for demonstration to future students. You will need
your own laser to view the transmission holograms at home. Reflection holograms will be viewable in
white light.

(3) Make sure to wear clothes that can handle stains. Also, you will not be able to leave to go to the
bathroom while the plates are developing, so be sure to go beforehand.

(4) Be aware that it will be extremely dark at times in the laboratory, and that it can be fairly time-
consuming depending on the complexity of the hologram you choose to make.

"By-the bye, what became of the baby?’ said the Cat. ‘I’d neatly forgotten to ask.’
‘It turned into a pig,” Alice answered.”

— Lewis Carroll, Alice in Wonderland




IN-LAB EXERCISES

4.1 Viewing of Transmission, Reflection, White-Light and Computer-Generated
Holograms

A collimated laser beam and a white-light source have been set up for viewing of four types of holograms.

(@)

(b)

©

(d)

Illuminate the given laser-made transmission holograms with the divergent laser beam (remove
the large collimating lens). For each hologram, find the direction of propagation of the virtual
image, and view it directly (i.e., no lens or screen is to be used to view this image). Move your
head around and tilt the hologram to get the best view of the image.

For the hologram of the clock or the hologram of the lion, draw a diagram of the setup that
gives a virtual image with the best fidelity. In your diagram, show the location of the virtual image
and any other beams that exit the hologram. Use this information to infer the geometry of the
setup that was used to record the hologram (reverse engineering).

Illuminate the reflection hologram of the coins with the divergent laser beam and view the
image through the hologram in reflection. Is the image you see real or virtual? Draw a diagram
of the setup showing the location of the image and any other beams that exit the hologram. Use
this information to infer the geometry of the setup used to record the hologram.

Illuminate the white-light hologram of the owl with white-light from the overhead lights in the
Laboratory such that the light strikes the hologram and then reflects an image into your eye. Tip
the hologram from side to side and up and down. Draw a diagram of your readout configuration
showing the location of the image or images. Describe your observations from tipping the
hologram in the beam. Re-illuminate the white light hologram with the divergent He-Ne laser
beam. What differences do you observe? Explain these differences. Use your observations to
infer the geometry of the setup used to record this hologram.

Put the collimating lens back into the system so as to generate a collimated laser beam. Illuminate
the first computer-generated transmission hologram (written on a 4’x5” plate) with the
collimated laser beam, and view the real image (it will spell a familiar acronym) on a distant
screen. Draw a diagram of the setup showing the location of the real image and any other beams
that exit the hologram. Use this information to infer the geometry of the setup used to record
the hologram.

Place the second computer-generated hologram (written on 2”’x2” film) into the collimated
laser beam. Now relocate the screen close to second computer-generated hologram. Move the
screen away from the hologram slowly. What do you observe on the screen? How do you explain
what you see on the screen with respect to what you see on the actual hologram? Ask the TA or
LA to show you how this hologram was made.



4.2. Making your Hologram: Communication Intensive Writing Exercise

Here we will give you a few options to make your own hologram. Choose one only. Your report (not
more than 2 pages) for this section of the laboratory exercise will be graded by the writing staff. Again
assume your audience is an MIT freshman. The Writing Coordinator will be looking at your grammar, at
your sentence construction, for critical thinking on your part, and to see how clearly you can express
your ideas in writing.

(a) In Prelab 4.2, you studied the recording setup for the following four types of holograms: (a)
Denisyuk single-beam white-light reflection hologram, (b) two-beam or multiple beam reflection
hologram, (c) two-beam transmission hologram and (d) rainbow hologram. Working with your
group and with the assistance of the TA, now make one or more copies of the hologram type
you chose. Your report should include: (a) a diagram of the setup you used to make your
hologram with all distances between the optical and mechanical components in your setup
measured and shown in the diagram, and (b) an explanation of your hologram setup design
philosophy which would include any calculations or estimates that used to design the hologram.
If possible, also specify the laser power density in the object and reference beams at the recording
medium, and the type, model number and manufacturer of the recording medium as appropriate.
Comment on the quality of the hologram that you made, and explain what could or should have
been done to improve its quality.

(b) Make a hologram of a magnifying glass in front of an object. Your report should include: (a)
a diagram of the setup you used to make your hologram with all distances between the optical and
mechanical components in your setup measured and shown in the diagram, and (b) an explanation
of your hologram setup design philosophy. If possible, also specify the laser power density in the
object and reference beams at the recording medium, and the type, model number and
manufacturer of the recording medium as appropriate. Try to design the hologram to maximize
how much of the object can be seen through the magnifying glass. In the report, also evaluate the
estimate and make recommendations for how to increase how much of the object is visible. Also
comment on the quality of the hologram and explain what could or should have been done to
improve its quality.

4.3 Real-Time Holography in Photorefractive Crystals

Objective

The goal of these experiments is to investigate real-time holographic information recording, storage, and
readout in two different photorefractive recording media: a barium titanate (BaTiO;) crystal and a
bismuth silicon oxide (Bi,,510,,) crystal. The experiments are, for the most part, qualitative in nature. A
full interpretation of the observations will require familiarity with charge transport in semiconductors, and
the tensorial properties of the electro-optic effect.

The Crystals
Three crystals are provided: A, B (both barium titanate, BaTiO;) and C, a bismuth silicon oxide crystal
(Bi,,S10,,). Crystal A has a roughly square cross-section and all six sides are polished. Crystal A is to be



used for the experiment 4.3.8. Crystal B has a rectangular cross-section and only two sides are polished.
Crystal B is to be used for experiments 4.3.1 to 4.3.7.

4.3.1 Hologram Recording, Storage, Readout and Erasure in BaTiO,

In this expetiment, a green argon laser beam (A = 514 nm) is split into two portions and then the two
beams are recombined in the BaTiOj; crystal so as to write a phase grating (the blue line of the argon laser
at 488 nm could also be used, but it is less efficient than the green line for this experiment). A half-angle 0
of about 10° degtrees between the two beams is typical. The grating is read out at the Bragg angle with a
weak He-Ne laser beam (A = 633 nm) and the diffracted beam intensity is recorded with the aid of a
photodetector. The set up is as shown in Figure 1.
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Figure 1. Set-up for measuring the diffraction efficiency of a BaTiOj3 crystal.

You should find the system already set up with the c-axis of the crystal in the plane of incidence of the
argon laser beams as shown above. The angle of incidence of the He-Ne laser beam has been preadjusted
so that the Bragg condition is satisfied. A fiber-optic coupled detector placed in the path of the diffracted
He-Ne beam in conjunction with the BNC 210 National Instruments connector block and the computer
is used to monitor the diffracted beam (alternatively, one could use a large-area photodetector and mask
off the active area with a piece of black tape or cardboard to leave only a small opening roughly the size of
the diffracted beam). The polarizer P, in front of the unpolarized He-Ne laser serves to alter the
polarization of the red He-Ne readout laser beam incident on the crystal.

Rotate the polarizer so that the He-Ne laser light is polarized in the plane of incidence. Place the screen
in front of the photodetector, so that the transmitted Argon laser beams, as well as the transmitted and
diffracted He-Ne Laser beam can be seen on the screen.



To make sure that the system is functioning propetly, first erase the grating in the crystal. This is
accomplished by blocking one of the arms of the argon-laser-beam-writing system using the electronic
shutter so that the crystal is flooded uniformly with the light from the second arm for about 60 seconds.
The intensity of the diffracted He-Ne Laser beam on the screen should slowly disappear. Now open the
shutter so as to record a phase grating in the crystal. The diffracted intensity on the screen should rise
quickly to its saturation level.

4.3.2 Bragg Readout

1) With respect to the BaTiOj crystal, is the He-Ne laser beam an ordinary beam or an
extraordinary beam?

2 Measure the polarization of the Argon laser beam. Is it ordinary or extraordinary polarized?

3) By measuring the actual separation between the transmitted Ar laser beams on the screen,
determine the angle between the two writing beams. (Do not touch the crystal when making
these measurements).

@ Calculate the period of the sinusoidal refractive index modulation that exists in the crystal using
the results of part (3).

5) Calculate the Bragg angle for He-Ne laser readout from your result in part (4). Compare this
result with the measured Bragg angle, and explain any discrepancy between the two results.

(6) To experimentally find the Bragg angle, 0, we first calculated it to get an approximate value.
Then an incremental search was performed about the calculated value (by changing the angle of
incidence of the He-Ne laser beam on the crystal) until the maximum diffracted He-Ne beam
intensity was obtained. Ask the TA or LA to demonstrate how extremely strict the conditions
are for Bragg matching,.

T.A. or L.A.
Signature

4.3.3 Diffraction Efficiency

(a) Remove the screen and use the Newport digital power meter and associated detector to measure

the intensity of the He-Ne laser beam. With P, adjusted so that the readout light (He-Ne laser) is
polarized within the plane of incidence (which contains the c-axis of the crystal) open the shutter
and observe the buildup of the diffracted light on the photodetector. It is very important that you
not bump or otherwise disturb the setup while a grating is being written into the crystal.

Write down the saturation intensity level of the He-Ne diffracted beam. Now place the Newport
power meter in the readout He-Ne beam (before it enters the crystal) and measure the full



intensity of the beam. Calculate the diffraction efficiency (power in the diffracted beam divided
by power in the incident beam) of the crystal under these illumination conditions.

(b) Record the relative intensity of the argon laser beam using the Newport digital power meter.

(© Now replace the photodetector in the path of the diffracted beam and connect the photodetector
output to the computer. Use software provided to record the data on the digital chart-recorder
(in LabView). Erase the crystal, then open the shutter and record the build-up of the diffracted
light as a function of time on the digital chart recorder. Paste your data, or a reduced version
thereof, into your report. Record the time scale on your plot, and calibrate the vertical axis using
the saturation diffraction efficiency level of Part (a) as a benchmark. Identity the 10-to-90
percent rise time and the peak value of the diffracted He-Ne laser light intensity. Record these
values on your plot.

4.3.4 Erase Time

With the same configuration as in 4.3.3, write the grating until the diffraction efficiency saturates. Now,
close the shutter so as to block the light in one of the arms of the writing beam, and let the other argon
laser beam, I, , readout the crystal. Record the decay of the grating by monitoring the diffracted argon
laser beam intensity on the digital chart recorder as I, erases the grating while reading it out. Place your
data, or a reduced version thereof, into your report. What is the 90-to-10 percent erase time?

4.3.5 Storage Time

With the same configuration as in 4.3.3, write the grating until the diffraction efficiency saturates. Now
block the argon laser beam just after it exits the argon laser so that no write light reaches the crystal. Note
the storage time of the grating, by setting the chart recorder for a 7-minute sweep and record the decay of
the grating (as read out by the He-Ne laser) over the 7-minute period. Paste your data into your report.
From your data, estimate the storage time of the crystal under these particular readout conditions.

4.3.6 Intensity Dependence of Write and Erase Times

Repeat the experiments in 4.3.3 and 4.3.5 with the argon laser beam at 3/4 of its original power. The laser
powet-control knob is on the back of the laser. Get the TA's help in adjusting the power of the laser
beam. Paste your data into your report. Using your data, comment on the dependence of the diffraction
efficiency, write time and the erase time on the pump power (argon laser power).

4.3.7 Dependence of Diffraction Efficiency on the Polarization of the Readout Beam

Repeat experiment 4.3.3 once more with the readout He-Ne laser light polarized perpendicular to the
plane of incidence. Notice that the results are different from the original experiment with the He-Ne laser
polarized in the plane of incidence. The point here is that it is possible to create a refractive-index grating
(phase grating) that cannot be "seen" by readout beams of the "wrong" polarization. This happens
frequently in anisotropic dielectric media where An is a function of the polarization of the light reading
out the crystal.



4.3.8 Self-Pumped Wavefront Phase Conjugation (optional)

Barium titanate is unusual among photorefractive crystals in that it exhibits the phenomenon of self-
pumped phase conjugation. That is, a single laser beam entering a barium titanate crystal at the
appropriate angle is retroreflected out of the crystal and back along its original path with the same
wavefront shape as the incident beam (see Figure 2). Thus, the crystal acts as a phase-conjugate mirror.
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Figure 2. Illustrating the arrangement used to demonstrate self-pumped phase conjugation.

Beam fanning and two-beam coupling are essential to the mechanism involved in the self-pumped phase-
conjugate process. These effects are stronger in BaTiO; for extraordinary polarized light (polarization
along the c axis) than for ordinary polarized light.

To explore the phase conjugate property of the barium titanate crystal, we will make the following
changes to the setup of Figure 1.

e Use crystal A. Place the crystal on the stand so that the chip on the long edge is at the bottom,
the chipped corners are on the back, and the reflected beams from the front face of the crystal

make an angle of about 30° with the incoming beam.
e Change the wavelength of the argon laser light to the blue line at 488 nm (T'A will do this), and

e Modify the set-up of Figure 1 to that of Figure 2 without the lens. This is accomplished by
closing the shutter in Figure 1 so as to get a single beam, and using the given halfwave plate to
rotate the polarization of the argon laser beam into the plane of incidence (which contains the c-
axis of the crystal). The key feature of this setup is a single extraordinary polarized writing beam
interacting with the crystal.



(a) With the approximately-collimated laser beam entering one of the square faces of the crystal,
rotate and translate the crystal as necessary until the phase-conjugate beam appears on the screen.
You will have to wait about two to three minutes before the phase-conjugate beam is visible.
Beam fanning within the crystal (see Figure 2) should be visible as the phase-conjugate beam
builds up. Note that the phase-conjugate beam is approximately collimated even one meter away
from the setup.

Convince the TA or LA that you have observed the phase conjugate beam.

T.A. or L.A.
Signature

(b) A second optional demonstration involves placing a weakly focusing lens (one that does not
significantly overfill the crystal) in the argon laser beam as shown in Figure 2. The focused spot
S before the beam splitter serves as the input-object for this demonstration. The phase-conjugate
beam should appear as a focused spot of light at the same distance from the beam splitter as S is
in front the beam splitter. Move the screen about one meter away from the setup and note that
the phase-conjugate beam is divergent, as expected.

(©) A third optional experiment involves removing the lens from the system, and placing the given
aberrator in region B of the beam path. Describe and explain your observations.

(d) Remove the aberrator after steady state has been reached. Describe and explain the response due
to the removal of the aberrator.

4.3.9 Photorefraction in Bi,,SiO,, (optional)

Bismuth Silicon Oxide is known to have cubic symmetry. Repeat all of the above experiments on
bismuth silicon oxide. Compare your results with those for the BaTiO; crystal and explain the differences
in each case. What is your estimate of the relative photorefractive writing speed of Bi,,510,, vs BaTiO;
for the same write laser power?

4.3.10 Summary (optional)

Given your results and observations in the experiments above in addition to all the other reading you have
done concerning the photorefractive effect, and in particular the manifestation of this effect in BaTiO;,
write three or four paragraphs summarizing the highlights of this fascinating phenomenon that would be
exciting to a typical layman who would read a journal at the level of Scientific American.



APPENDIX
Computer operating instructions

VT folder

Adpanced data logger
Adpanced data logger
Device 1 (computer channel)
Digits of precision: 5
Channel: 0

Run

Save

Enter header text

Use matlab script to read 11 file.
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