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THE MOSSBAUER EFFECT

INTRODUCTION

The accompanying paper, which was published in the American Journal of Physics in 1964, describes the pertinent theory and the physical information that may be obtained from this experiment as well as the equipment used.  This introduction is concerned with details that are peculiar to this particular experimental setup.

The photon detector to be used is a proportional counter operated at 2500 volts (positive).  The spectrum from the detector is displayed on a multichannel analyzer with which one may select a region of interest and directly scale the counts tllat occur in this region in a preset time interval.  The region, of course, is to be centered on the 14.4 keV line and some confusion may occur as regards identification of this line.  The source is encapsulated with one side covered with a mylar film and the other side with a thin metal foil.  If the foil side is directly viewed by the counter, with nothing in between, a strong, sharp line at 6.5 keV from the iron X-ray will be seen in addition to the line at 14.4 keV.  If the source is reversed the mylar will completely adsorb the X-ray and only the 14.4 keV line will be observed.  If the signal from the proportional counter pre-amp is fed to the multi-channel analyzer amplifier input and the gain set at maximum, the 14.4 keV line will appear at about channel 150.  The line is somewhat broadened due to lead X-rays in the vicinity but experience has shown that the signal-to-noise ratio is not significantly improved by taking a reduced portion of the line.

Set the region of interest taking note of the total number of channels included.  Take data for preset time intervals using the live time select on the MCA.  Use the digital readout to set the rotational velocity.  Take data later to determine the (linear) relation between the readout and the actual number of revolutions (or radians) per second.  Use the stainless steel foil and take data at one volt intervals on the readout, both forward and reverse.  After the position of the dip is located take finer steps to accurately define it.  Take a long background run with the region of interest set above the 14.4 keV line.  Measure the radius of the wheel at the position where the radiation passes through.  Make your final plot of number of counts, corrected for background, versus linear velocity.

GAMMA RAY SPECTROSCOPY

PURPOSE

1.
To become familiar with the electronic techniques used in gamma ray spectroscopy by scintillation counting.

2.
To study the operation of scintillators and photomultiplier systems.

3.
To observe the pulse spectrum caused by pair, photo and Compton interaction in the crystal and demonstrate the linearity of the system.

4.
To calibrate a counting system and determine the energy of an unknown radiation.

References

A.
Laboratorv Manuals
1.
Melissinos, Experiments in Modern Physics.  Electronic Technique, pp. 107–126; Radiation Safety, pp. 137–150.  Radiation and Particle Detectors, 
Chap. 5, particularly pp. 194–208.

B.
Technical Manuals and Circuit Diagrams
1.
Pulse Generator - Lab Folder.

2.
Cathode Follower - Lab Folder.

3.
High Voltage Power Supply - Lab Folder.

4.
Amplifier and Pulse height measuring system.

5.
Binary Scalers and Register.

6.
Cathode Ray Oscilloscope.

7.
RCA or DuMont Technical Data for the Photomultiplier.

8.
Harshaw Chemical Co:  Technical Booklet on Nal Scintillators and Pulse Spectra.

INTRODUCTION

When a gamma ray photon interacts with the electron in a scintillating crystal by photoelectric absorption or Compton scattering, some of the photon energy is transferred to an electron.  The photon may also interact with the field of the nucleus and a positron-electron pair may be produced.  In any of these cases the end result is to convert the photon energy to electron energy.  The energetic electron can cause scintillations to occur in the crystal.  A number of different crystals may be used.  The organic crystals, composed of low Z materials, allow detection by Compton scattering.  The alkali halides, such as Nal, have higher atomic number elements and allow detection by photo absorption and pair production.  We will use Nal, with thallium added as an activator, Nal(T1), in this experiment.

A photocell and secondary emission electron multiplier tube, called a photomultiplier, is used to convert the optical output to a negative electrical signal.  The charge collected gives a negative voltage pulse, (Q/C), which is usually a fraction of a volt.  This pulse must be amplified, sorted according to size and counted.  We obtain a spectrum of pulses which is related to the spectrum of energy of the electrons energized in the crystal and thus to the photon energy.

The photoelectric process leads to the complete transfer of photon energy to the electron, except for the small atomic binding energy of the electron, and thus to a monoenergetic electron.  The photoelectric effect thus leads to a "line" in the pulse spectrum.  The line is broadened by statistical fluctuations and noise.

The Compton elastic scattering of the photon by free electrons leads to a transfer of recoil energy to the electron.  The electron energy is a function of the photon energy, E, and the angle of recoil of the electron, ,





(1)

where  = E/moc2 and mo = electron mass.  If we deal in energy units of KeV





The maximum energy given to the electron occurs when the photon backscatters and the electron recoils at  = 0°.  Then





When the electron is scattered at 90° to the incident photon directions its energy is zero.  We find the pulse spectrum, produced by the interaction of a moderate energy photon, E < 1 MeV, to consist of a broad Compton continuum, with a characteristic maximum energy, and a photoelectric peak beyond that.

Our experiment consists of a study of the detection system and electronic instrumentation and an analysis of the pulse spectrum.  We will calibrate the system with sources of gamma rays of known energy and demonstrate the linearity of the calibration.  The x-rays produced following the internal conversion of a nuclear gamma ray can be identified and their energy measured.  We can observe the annihilation radiation produced when a positron and electron annihilate and produce two photons of energy mc2 = 511 keV.

Amplifier Characteristics (A)

1.
Input positive or negative.

2.
Output bipolar, up to 10 volts magnitude.  The first half of the bipolar pulse has the same sign as the sign of the input pulse. A negative input pulse gives a negative-positive bipolar pulse out.  A positive input pulse gives a positive-negative bipolar pulse out.  The gain can be controlled by the course and fine controls on the front panel.  The overall maximum is 7,000.  The amplifier will withstand very severe overloads without distorting subsequent signals.

3.
The width of the output pulse is controlled by passive RC circuits at the input which shape the input pulse to a width of one microsecond.  If the shaping is to be effective the input pulse should have a decay time of 5 to 10 microseconds, or longer.

Differential Discriminator Characteristics (SCA)

1.
The base line of the discriminator is set by the potentiometer labeled E.  Its range is 0 to 10 volts.

2 .
The differential window (E) is controlled by the potentiometer labeled E.  The total range is 10 volts (or 1 volt if used on the 10% setting).  The differential window opens upward from the baseline as the potentiometer reading is increased.

3.
The differential mode can be suppressed so that this unit becomes an integral discriminator.  The switch on the front panel is thrown to integral or differential to change the mode of operation.

4.
The output pulse can be positive or negative.

Scalers (S)

Many varieties of scalers are available.  Check the laboratory files for the details of those used here.

Multichannel Analyzer Characteristics (MCA)

A multichannel analyzer is essentially a group of single channel analyses in series so that the entire spectrum may be recorded simultaneously.  See the 29.19 lab for an orientation to this device if you are unfamiliar with it.

Scintillator and Photomultiplier
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Procedure

A.
Dependence of Gain on the High Voltage
1.
Operate at HV = 900v.

Observe the spectrum of pulses at the output of the amplifier with the CRO, adjusting the amplifier gain so that the pulses are not "flat topped," i.e., no amplifier overload.

2.
Measure the relative pulse size of the output with the CRO as a function of HV.  Use the calibrated gain control of the CRO to permit a wider range of variation of measurement.

3.
Plot the normalized pulse output as a function of HV on log-log paper.  Output = K(HV)n.  Determine the exponent n.

B.
Spectrum of Pulses
Use a CS137 source.  E = 661 keV, and adjust the HV and the amplifier gain so that the pulses in the intense photo peak are about 7 or 8V.  Ignore the very large pulses caused by cosmic ray mesons.  Use the single channel analyzer to measure the differential spectrum of the pulses, setting V = 0.4 volts and moving the baseline in 0.2 volt steps.  Plot the results and identify the various features in the spectrum.

C.
Calibration of System with Radioactive Sources
The size of the final pulse depends critically on the capacitance of the cable from the photomultiplier to the cathode follower (hence cable length), HV, amplifier gain, etc.  Once these are adjusted they must be maintained constant or the system recalibrated at each use.

Use a number of sources with the widest range of gamma ray energy possible and determine the calibration of the system.

1.
Adjust the gain and HV so that the system is linear at the maximum energy of the photo peak to be measured.

2.
Use the MCA to obtain spectra of the sources.  Find the channel numbers of the photo peaks (estimated to the nearest 0.1 channel) and make a graph of Energy versus channel number.

3.
Observe the decay of radioactive Indium prepared in the neutron howitzer and determine the energies of the observed photo peaks.  Compare with the appropriate decay scheme and identify the various observed lines.

THE COMPTON EFFECT

PURPOSE

To observe the Compton shift in the energy of photons scattered by free electrons.

References

1.
Classical and Modern Phvsics, vol. 3, K.W. Ford

2.
A. H. Compton, Phys. Rev. 21, 483 (1923)

Phys Rev. 22, 409, (1923).

INTRODUCTION

When a quantum of electromagnetic energy (a photon) is scattered by an electron, the electron recoils, thereby taking away some of the energy and reducing the energy of the photon.  Taking the energy of the photon to be E = h = hc/, and its momentum to be p = E/c = h/ = hk, and using only the laws of conservation of momentum and energy (the electron recoils with enough energy that relativistic kinematics must be used) one easily derives the Compton formula:




or




where the primes stand for the scattered photon,  is the angle through which it scatters, and m is the electron mass.

Procedure

In this experiment a very intense source of 137Cs is used to provide 662 keV photons.  Extreme caution should be used to insure that you are not exposed to the direct radiation from this source for any extended period of time.  Let the instructor remove the source form its container and insert it in its collimating shield.  Periodically monitor the radiation level in your vicinity to be sure it is at a safe level.

The scattered photons will be detected by a Nal(T1) scintillation counter which produces output pulses of a height which is directly proportional to the amount of energy that the photon loses in the NaI crystal.  These pulses are amplified and stored in a multi-channel analyzer (MCA) which is essentially a set of serially indexed scalars (actually a ferrite-core memory) into which the input pulses are sorted according to their pulse height.  The MCA you will use has 1024 of these scalars, called channels, which represent 1024 equal increments of pulse height into which the input pulses are sorted.

To convert channel number to energy it is necessary to calibrate the analyzer.  Take a spectrum using a weak 137Cs source.  Determine the channel number corresponding to the photopeak in this spectrum.  Repeat using a 22Na source and a ThC'' source.  Plot the observed channel numbers versus the corresponding energies (662 keV, 511 keV, 238 keV) to obtain the (linear) relation between channel number and energy.

Now take spectra of radiation from the strong source scattered by an aluminum rod for several scattering angles.  Convert the channel numbers determined for the observed peaks to energies using your calibration curve.  Care must be taken to use maximum collimation of the source and maximum shielding of the detector if the peaks are to be clean.  At one or two angles, use the MCA to subtract a background spectrum, observed with the scattering rod removed for the same length of time as the main run.

Analysis

Compare your results with the predictions of Compton's formula.  This may be conveniently done by plotting 1/E' versus (1 - cos ), which should give a straight line.  Find the slope of this line and use your result to calculate mc2.  Compare your answer with the accepted value of 511 keV.  Discuss the departure of any of the points from a straight line.

Additionally, derive an expression for the shifted energy using the classical expression for the electron's energy (E = p2/2m).  Prepare a graph of E' versus  using this expression.  Plot Eq. 2 and your data on the same graph.  Should one be able to experimentally distinguish between the two curves?  Do your results rule out the use of classical kinematics for explaining the Compton effect?

NOTE

You may find the calibration of the multi-channel analyzer a little bit confusing at first due to the presence of 'extra' peaks in some of the gamma ray spectra.  To overcome this, it is suggested that you first prepare a rough calibration curve using 137Cs as one point and the origin as another.  Determine the expected channel for the other calibration lines and then choose the proper line based on this rough guess.  To obtain maximum precision, you should adjust the gain of the system so the 137Cs peak is about 80% of full scale.

There are many other sources available which may be used if you wish to get additional points on the calibration curve.  (Highly suggested.)

THE LANGMUIR PROBE

INTRODUCTION

The Langmuir probe is a diagnostic device used to determine several basic properties of a plasma, such as temperature and density.  A plasma is a state of matter which contains enough free, charged particles (electrons and ions) so that its dynamical behavior is dominated by electromagnetic forces.  The subject of plasma physics is concerned mainly with ionized gases although very low degrees of ionization ( 0.1%) are sufficient for a gas to exhibit electromagnetic properties.  A method, first used by Langmuir about fifty years ago, can be used to determine the ion and electron densities, the electron temperature, and the electron distribution function.  This method involves the measurement of electron and ion currents to a small metal electrode or probe as different voltages are applied to the probe.  This yields a curve called the probe characteristic of the plasma.  In general since the electron and ion masses are significantly different they respond to forces on different time scales and usually Te ≠ Ti, however, the requirements of overall charge neutrality gives ne = ni.

In this experiment we make use of a sample gas tube, the OA4-G which possesses a built-in Langmuir probe.  The tube is filled with argon gas at 10-3 atmosphere.  A voltage is applied to create a discharge and one of the electrodes is used as a Lamgnuir probe to determine the plasma properties of the discharge.  Before discussing the experimental apparatus we will now consider the basic theory of the Langmuir probe.

THEORY OF THE LANGMUIR PROBE

The fundamental plasma parameters can be determined by placing a small conducting probe into the plasma and observing the current to the probe as a function of the difference between the probe and plasma space potentials.  The plasma space potential is just the potential difference of the plasma volume with respect to the vessel wall (anode).  It arises from an initial imbalance in electron and ion loss rates and depends in part upon anode surface conditions, and filament emission current.

Referring to the probe characteristic, Figure 1, we see that in region A when the probe potential, Vp, is above the plasma space potential, Vs, the collected electron current reaches a saturated level and ions are repelled, while in region B just the opposite occurs.  By evaluating the slope of the electron I-V characteristic in region B the electron temperature Te is obtained, and by measureing the ion or electron saturation current and using the Te measurement, the density can be computed.

The current collected by a probe is given by summing over all the contributions of various plasma species:





(1)

where A is the total collecting surface area of the probe; 

 = the average velocity of species i, and 

 for unnormalized 

.  It is well known in statistical mechanics that collisions among particles will result in an equilibrium velocity distribution f given by the Maxwellian function:





(2)

This distribution function is used to evaluate the average velocity of each species.

We will first consider a small plane disc probe which is often used in our experiments.  Then it is placed in the yz plane, a particle will collide with the probe and give rise to a current only if it has some vx component of velocity.  Thus, the current to the probe does not depend on vy or vz.  The current to the probe from each species is a function of V  Vp - Vs.








(3)

The lower limit of integration in the integral over vx is vmin since particles with vx component of velocity less that 

 are repelled, Figure 2.

The integrals over vy and vz in (3) give unity so the current of each species is just





(4)

a)
The electron saturation current, Ies:  In this region all electrons with vx component toward probe are collected.  We obtain the electron saturation current





(5)

Similarly, in region B and C were Vp < Vs and electrons are repelled, the total current is





(6)

Substituting 

, (6) becomes





(7)

since V < 0 in region B and C.  Equation (7) shows that the electron current increases exponentially until the probe voltage is the same as the plasma space potential (V = Vp - Vs = 0).

b)
The ion saturation current, Iis:  The ion saturation current is not simply given by an expression similar to (5).  In order to repel all the electrons and observe Iis, Vp must be negative and have a magnitude near KTe/e as shown in Figure 3.  The sheath criterion requires that ions arriving at the periphery of the probe sheath be accelerated toward the probe with an energy ~KTe, which is much larger than their thermal energy KTi.  The ion saturation current is then approximately given as





(8)

Even though this flux density is larger than the incident flux density at the periphery of the collecting sheath, the total particle flux is still conserved because the area at the probe is smaller than the outer collecting area at the sheath boundary.

c)
Floating potential, Vf:  Next we consider the floating potential.  When V = Vf, the ion and electron currents are equal and the net probe current is zero.  Combining equations (7) and (8), and letting I = 0, we





(9)

d)
The electron temperature, Te:  Measurement of the electron temperature can be obtained from equation (7).  For Iis << I we have





(10)





(11)

By differentiating the logarithm of the electron current with respect to the probe voltage V for V < 0, the electron temperature is obtained.  We note that the slope of 

nI vs. V is a straight line only if the distribution is a Maxwellian.

e)
Measurement of the electron distribution function, fe(vx):  The electron current to a plane probe could be written in a more general expression as (again neglecting the ion current)





(12)





where q = -e, the electron charge.  This is a very simple way of obtaining the electron energy distribution function.

This discussion of the Langmuir probe theory applies when the probe radius is large compared to the sheath distance or shielding distance which is given by the Debye length





(13)

The Debye length is a measure of the distance over which charge neutrality may not be valid near a boundary of a plasma, or in this case near the probe.  It is also a measure of the effective range of the shielded Coulomb potential.  The requirement rp >> D insures that edge effects may be neglected.

EXPERIMENT

A schematic diagram of the gas tube is shown in Figure 4.  This tube consists of a metal disc cathode, a wire tip anode, and a trigger anode ring.  In normal operation the trigger anode is pulsed to turn on a discharge from the cathode to the anode.  For our purposes, however, we will run the discharge from cathode to trigger anode and use the normal anode as a Langmuir probe.

The circuit diagram for the discharge and probe circuit is shown in Figure 5.  Pin 2 is the cathode, pin 5 the anode, and pin 7 the trigger anode (Langmuir probe).  A pin diagram for the OA4-G gas triode is given in Figure 6.  A supply voltage of 100–200 volts is used to run the discharge.  The protective resistor (4K) is used to limit the current because a gas filled tube tends to draw large currents if not stabilized.  A variable 30V power supply is used to bias the probe.  Depending on the voltage quite small currents will be drawn to the probe so that it is desirable to use the Keithley picoammeter to measure the probe current.  At the higher bias voltages the currents may exceed the maximum range of the picoammeter and it may be necessary to use an ammeter with higher current range.

A.
Preliminary Measurements
In this experiment you will obtain and interpret the Langmuir probe characteristic for the plasma.  As the probe voltage is varied the current may vary over many orders of magnitude and thus it is convenient to plot the results on semi-log paper.  Begin with -30V between the probe and anode, and gradually decrease the voltage toward zero.  Note how the probe current rapidly reverses polarity.  Reverse the probe voltage and gradually increase the voltage from zero to +30V.  Note the electron saturation current and the breakdown of the positive probe.  These preliminary measurements should give you an indication for the general nature of the probe characteristic so that you may vary the voltage accordingly when moving through the exponential region.

B.
Data Taking
1.
Set the discharge current at 40mA.  Measure the potential between cathode and trigger anode.

2.
Probe run 1:  Vary the probe voltage from about -30V to +30V in 1 volt steps, except in the exponential region where smaller steps are needed.

3.
Probe run 2:  Obtain a second probe curve at a discharge current of about 30mA.

4.
Probe run 3:  Obtain a probe curve at the lowest discharge current possible (about 20mA).

5.
Probe run 4:  Repead probe run 1, but apply the probe voltage between the anode (5) and cathode (2).

6.
Estimate the diameter and effective length of the exposed probe tip.  A traveling microscope may also be used.

C.
Data Analysis
1.
Plot the probe curries on semi-log paper.  N.B.  The ion saturation current must be plotted with the sign reversed to fit on the same graph paper.  Plot the results of runs 1, 2, and 3 on the same graph paper.

2.
Draw straight lines that best fit the curves in the exponential region and from these lines determine Te (in oK and eV).

3.
Identify the plasma potential in each case.  What is the voltage drop between the cathode and plasma potential?  This plasma potential - cathode drop accelerates ions into the cathode and sputters the material onto the glass.  What energy would these accelerated ions have in oK (in eV)?

4.
Identify the electron saturation current and compute the electron density.  What is the uncertainty in the density due to theuncertainty in determining the probe area?  Is the electron density proportional to the current in the main discharge?

5.
Identify the ion saturation current and using equation (8) compute the density.  How does this compare with the previous determination of n?  Assuming that an expression similar to (5) is valid for the in saturation current, compute a temperature for the ions.  Does this temperature correspond to that of the electrons, or that of the gas atoms?  (Gas atoms are at room temperature 

.)  Why is this so?  (Gas pressure is about 1/1000 atmosphere in the tube.)

6.
Identify the point at which the positive probe begins to break down.  At this point some of the electrons may acquire enough energy to ionize the background gas.  How far is this potential in volts, from the tip of the electron current distribution?  Compare this voltage with the ionization potential for argon.

7.
What is the floating potential of the probe?  The value of the floating potential can be computed theoretically, with reference to plasma potential, Vs




(14)

Compute this value for all runs, and compare with the experimental values.

8.
Compute the Debye radius for all runs, and compare with the observed probe radius.

9.
Compute the percentage ionization for the various discharge current, i.e., the ratio of electron density to neutral gas density in the tube.

REFERENCES
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Plasma Dynamics, T.J.M. Boyd and J.J. Sanderson, Barnes and Noble, New York, 1969.

2.
Plasma Diagnostic Techniques, R.H. Huddlestone and S.L. Leondard, editors, Academic Press, New York, 1965, Ch. 4.
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Plasma Diagnostics, W. Lochet-Holtgreven, ed., North Holland, Amsterdam, 1968, Ch. 11.

4.
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Sample Langmuir Probe Characteristic (Radial disc probe placed near center of single plasma):  Region C1 - 
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HOLOGRAPHY

In this experiment you will arrange various optical devices, including a small laser, to produce holograms of objects of your choice.  There are certain guidelines that lead to successful holograms and these are discussed below.  Within these guidelines a wide range of geometries is possible and the student is encouraged to try various ones that may come to mind.  The development of the exposed holograms will not be discussed.  Use D19 developer and follow the directions on the bottle.  Use a standard rinse and a standard fixer.

The following discussions are shortened paraphrases of material taken from The Hologram Book, by Kasper and Feller, which is on reserve in the library.  This book should be consulted for more complete descriptions of the various techniques and for an excellent intuitive discussion of the physics behind the creation of holograms.  In addition the book contains descriptions of advanced holographic methods which will not be discussed here, but which are possible with equipment which is available in this laboratory and which might be attempted as advanced projects.

In general a hologram requires the interference of two beams of coherent light, one of which comes more or less directly from the laser and is termed the reference beam and the other which is scattered off of the object which is being holographed.  These beams interfere on the plane of the film which when developed forms the hologram.  The two beams may be formed by a beam splitter which forms two different beams which might travel quite different optical paths, or the object beam may result from reflections by objects of part of the diverged reference beam.  In the first of these methods, termed the two-beam method, one has the advantage of complete freedom in directing the beams relative to each other and in setting their relative intensities.  The second method, called the one-beam method, is the simplest and most reliable.  Both methods will now be discussed.


Figure 1

Figure 1 shows an arrangement for producing a simple one-beam transmission hologram.  The objects should be relatively flat.  Coins are an excellent choice, especially shiney ones, but any highly reflective objects will do.  It might be better to insert the shutter closer to the laser than implied by the figure.  When viewed the image will appear strongly backlighted, as if looking into a setting sun, but the method is so foolproof it is a good one to start with, just to get a feel for the exposure times required and proper developing technique.



Figure 2

An improved one-beam transmission method is shown in Figure 2.  In this case front lighting is used.  The reference beam will tend to be much stronger that the object beam unless the object is unusually reflective.  The ratio of reference beam to object beam intensities should be adjusted to about 4:1.  The filter shown is to reduce the reference beam intensity in order to accomplish this.  The path lengths of the two beams should be as nearly equal as possible.  Otherwise the mirror could be moved back to reduce the reference beam intensity.



Figure 3

Figure 3 shows the simplest two-beam transmission hologram method.  There are now several options available for adjusting the relative beam intensities.  The lens for the reference beam can be more diverging than the object beam lens.  It can be placed further from the mirror than the object lens from the object.  The object and mirror can be interchanged so the direct beam falls on the object.  The angle of the beam splitter can be varied.  A filter can be used if all else fails.



Figure 4

A more complicated arrangement is shown in Figure 4.  Two beam splitters are used so that more uniform illumination can be provided.  The text accompanying this figure states that "the difficulty in getting a good hologram with this setup is not inconsiderably greater than with the simpler configurations."  You may interpret this as you will.

The holograms described above are of the transmission variety.  That is, in order to view them one looks at light that has been transmitted, and of course diffracted, by the hologram.  The next two figures show methods of producing reflection holograms.  To view holograms made by these methods one looks at light reflected by the hologram.  That is, the laser and the hologram are on the same side of the hologram.  Figure 5 shows a simple one-beam arrangement and a two-beam arrangement is shown in Figure 6.  For this method, the ratio of intensities of the reference and object beams should be close to 1:1.  For the one-beam method there is no control over this except in the choice of the objects, which should be as reflective as possible and colored either white or red.  In the two-beam case the intensities can be adjusted using the methods discussed in connection with Figure 3 above.
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Figure 6

PROCEDURE

Choose one of the methods described above and arrange the components on the holography table, a heavy aluminum slab resting on foam rubber pads.  The path lengths of the reference beam and the obiect beam should be as nearly equal as possible and the intensity ratios should be close to those given in the discussions.  Use the exposure meter to determine the intensities.  Mount the film, a special very fine-grained film, in a film holder.  This must be done in the dark.  Put the mounted film in a light-tight box until the final stages just before the exposure.  For the reflection holograms the film holder must be transparent and can be a sandwich of the film between two plates of glass.  Make sure everything is solidly resting on the table.  Extinguish all lights and place your head near the place where the film holder will go.  Look in all directions to see if any spurious reflections of the laser light are visable.  Remember, anything you can see will also be seen by the film.  Use various shields to get rid of any spurious reflections.  When everything is ready, put a piece of cardboard over the laser, take your film out of the light tight box and put it in place.  All of this takes place in absolute darkness.  Then WAIT, for at least a minute, for all vibrations to damp out of the system.  Then remove the cardboard from the laser for the proper exposure time.  This will vary from a second or two to up to a minute or two, depending on the brightness of the beams.  Some trial and error will probably be required.  You might want to prepare several mounted films and make several different exposures to be developed at the same time.  After the exposure(s) put the film back in the light tight box, take it to a darkroom and develop it.  It should be dry enough to view in less than an hour after the development is completed.

REPORT

In your report, discuss the holographic process briefly.  Show rather accurate scale drawings of the setup you used and discuss your results.  Indicate any troubles you may have had and suggest further possible work.
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