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RESEARCIH OBJECTIVES

Our interest is primarily in the application of lasers to a variety of measurement
problems. In certain cases, the available lasers are not very suitable and considerable
research has to be done to improve the laser performance, Several projects are in
progress,

1. Laser IFrequency Stabilization

The motivation for this work stems from the need for a long-term frequency stabi-
lized laser in the precision measurement of length, i.e., length standards, Such a laser
would find applications in earth-strain seismometry, in optical communication, and in
fundamental measurements, in particular, those related to experimental relativity.

The task at present is to stabilize the frequency of the 5145 A argon ion laser, The
stabilization scheme employs, as an absolute frequency reference, a resonance absorp-
tion line, observed in a molecular beam of iodine. The absorption is measured by the
resonance fluorescence induced by the laser in the molecular beam, Such an absorption
line is an ideal reference element because of the isolated and unperturbed conditions in
the beam. Moreover, since the molecular beam can be oriented at right angles to the
laser beam, the width of the iodine resonance is limited to its natural width, which is
inferred to be 100 kHz from lifetime measurements, Preliminary experiments indicate

that it should be possible to stabilize the frequency of the laser to one part in 1013, Thus

far we have achieved a stability of 2 parts in 1011.

2. High-Resolution Spectroscopy Using Molecular Beams

We are investigating the use of molecular beams for high-resolution spectroscopy.

A single-frequency 5145 A argon laser that can be tuned lincarly over 0.05 A is used
to induce resonance fluorescence in a molecular beam of iodine. The resolution that

we have achieved is less than 2 X 10_9 and is still limited by Doppler broadening attrib-
utable to molecular beam geometry. The laser, in the scanning mode, is capable of a

resolution of better than 2 X 10~10

Perot interferometer,

, as has been demonstrated with the use of a Fabry-

3. Single-Frequency cw Dye Laser

Continuous dye lasers offer the possibility of having a laser line of narrow spectral

“This work is supported by the U, S, Air Force — Office of Scientific Research(Con-
tract F44620-71-C-0051) and by the Joint Services Electronics Programs (U.S. Army,
U.S. Navy, U.S. Air Force) under Contract DAABQ07-71-C-0300,
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width anywhere in the visible spectrum, This type of laser has many applications, such
as spectroscopy and optical communication. The problem at present is that the dye laser
frequency is not very stable and the tuning of the frequency is not continuous.

We propose to investigate the sources of laser frequency jitter in a cw dye laser so
as to achieve a narrow spectral line width and, in addition, to develop continuous tuning

schemes over limited ranges of approximately 1 A,

This research will complement our work in high-resolution spectroscopy using
molecular beams,

4, Pulsed Ion Laser Holography

The purpose of this research is to investigate possibilities for generating pulsed,
high-power, multicolor laser output by using a mixture of noble gases, such as argon,
krypton and xenon for interferometric and holographic applications.

For pulsed color holography we need a laser that puts out 3 primary colors of equal
intensity simultaneously in one short pulse. The research involves the study of excitation
mechanisms in the presence of a mixture of noble gases to yield the desired laser output.

Aside from color holography, a hologram that is recorded in 2 colors (or frequen-
cies) and reconstructed with only one color displays contour lines (lines of equal dis-
tance from the hologram plate) superposed over the surface of the holographic image.
The spacing between contour lines, which represents surface changes, is proportional
to the frequency separation of the two colors used in the recording of the hologram,

We would like to use this surface contour generation method, which requires only a
single short exposure, to study dynamic behavior of structures and materials and also
to make growth measurement in biological subjects.

5. Flow Measurements

Laser Doppler techniques are being developed for measurement of both low-speed
and high-speed fluid flow. A two-dimensional heterodyne scheme has been developed
for velocity measurement in vortex rings and in the wake of a model helicopter rotor.

For high-speed flow greater than 10° cm/s a scheme employing a Fabry-Perot cavity as
a frequency discriminator is being investigated.

6. Closed-Loop liolographic Interferometry

We are exploring a new type of holographic interferometer. A diffuse object has
been locked (within tens of angstroms) to its holographically stored virtual image by
means of a servo loop. This technique is being applied in the detection of subfringe defor-
mations of diffuse surfaces and in measurcements of small changes in surface thickness,

S. Ezekiel
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A, LASER MOLECULAR-BEAM TECHNIQUES FOR HIGII-
RESOLUTION SPECTROSCOPY

USAF-OSR (Contract F44620-71-C-0051)
L. A. Hackel, D. G. Youmans, S. Ezekiel

A method employing a tunable single-frequency laser and a molecular beam has been
used to obtain a high-resolution optical spectrum of the hyperfine structure of IZ. In
laser optical spectroscopy,the limiting factors are often Doppler and pressure broadening
of the resonance lines. Saturated absorption has recently become a popular means of
overcoming the Doppler effec‘c.1 The molecular-beam technique, however, offers con-
trol over Doppler broadening and also lacks the pressure broadening and pressure shift
of the saturation techniques used for gas cells.

The experimental arrangement (Fig. XII-1) is similar to that used pr‘eviously.2 A
single-frequency tunable 5145 A argon ion laser excites the IZ molecular beam. The

induced fluorescence is detected by a photomultiplier. The excited transitions are the
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Fig. XII-1. Schematic view of the apparatus.

hyperfine components of the P(13) (43-0) and R(15) (43-0) lines between the 12;(}() and

3H-(;u(B) electronic states in Ié27 which fall within the bandwidth of the 5145 A laser'.3
Single-frequency operation is obtained by using a composite cavity made up of two

cavities, one short and one long.4 A feedback loop with 1-kliz bandwidth maintains the

coupling between the cavities. The laser frequency is scanned by changing the length of
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B. MOLECULAR-BEAM STABILIZED ARGON LASER

USAF-0OSR (Contract F44620-71-C-0051)

D. G. Youmans, L. A. Hackel, S. lLzekiel

We report the locking of the 5145 A argon ion lascr to an IZ resonance observed in a
molecular beam. A molecular beam external reference is attractive because transitions
observed in the isolated conditions in the beam do not suffer frequency shifts caused by
collisions or collisional broadening and, if the molecular beam is excited orthogonally
by the laser, Doppler broadening can be virtually eliminated.

Resonance fluorescence induced in a molecular beam of iodine by a single-frequency
5145 A argon ion laser has been reported previously.1 The IéZ7 excited transitions are
the hyperfine components of the P(13) R(15) (43-0) lines between the lZ;;F(X) and the
3ng(B) electronic states falling within the Doppler width of the 5145 A 1aser.2

The experimental arrangement used for frequency stabilization is shown in Fig. XII-5.

A single-frequency tunable 5145 A argon ion laser excites an 12 molecular beam (A) at
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Fig. XII-5. Schematic view of the apparatus.
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right angles. The laser-induced fluorescence is collected by a lens and focused onto a
photomultiplier. Figure XII-6 shows the derivative of several of the 12 lines excited by

the laser as the laser is tuned across the gain curve. The derivative, which is used as
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C. TWO-DIMENSIONAL LASER DOPPLER VELOCIMETER

Joint Services Electronics Programs (Contract DAAB07-71-C-0300)
Partially supported by Naval Air Systems Command

J. P. Sullivan, S. Ezekiel

In a previous report preliminary data from a laser Doppler velocimeter (LDV)
capable of measuring two components of the velocity vector in a fluid flow were pre-
sented.1 The present report gives a complete description of the LDV system, with
special emphasis on the data-processing equipment,

A diagram of the LDV system, with only one component drawn for clarity, is shown
in Fig. XII-10. The LDV, which is a dual scatter system, described by Rudd2 and by
Lennert et al. ,3 measures the Doppler shift of laser light scattered from particles in
the flow field. The velocity of the particle, which is approximately the fluid velocity,

is given by

Y
v=e_—D

2 sin 6/2

where V is the component of velocity in the plane of the two beams and perpendicular

to the bisector of the angle between them, fD is the frequency of the Doppler shift, X\

is the laser wavelength, and 6 is the angle between the two beams. In the present
experiment the particles are oil particles, 2.0-um in diameter, generated by a standard
mist lubricator normally used to lubricate high-speed bearings.

As shown in Fig. XII-10, the laser beam is divided by a prism type of beam splitter
with nonabsorbing beam-splitting interface. This method of dividing the laser beam is
preferable to other systems in which mirrors and beam splitters are used, since only
one standard optical component is needed and the path lengths (distance from laser to
measuring point) of the two beams are equal.

A two-component system is constructed by adding a second beam splitter (rotated
90° with respect to the first) to form four parallel beams. The pattern of the four beams
is shown in Fig. XII-11. The polarization of the beams is chosen to maximize the sig-
nal and to eliminate cross talk between the two dimensions. By placing an analyzing
polaroid in front of the photomultiplier tube, either of the velocity components can be
chosen with no interference from the other. This is possible because the polarization
is changed only slightly by the scattering process. At present, both components are
processed simultaneously through one photomultiplier tube, by using the electronic sys-
tem described below. The two components could be processed separately by splitting
the scattered radiation with a polarizing beam splitter and using two photomultiplier
tubes and two sets of electronics equipment.

The electronic system for processing the LDV signal is one suggested by Iten4 for
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use with periodic flow fields. This "sampling" system for use with periodically pro-
duced vortex rings may be described in terms of the time diagrams shown in Fig, XII-12
and the equipment layout in Fig, XII-10. The function generator initiates a pulse that
is amplified and used to drive a loudspeaker which forms a vortex ring at a sharp-edged
orifice. A synchronous pulse is also taken off of the function generator (Fig. XII-12a).
Velocity vs time, as the vortex ring goes past the measuring point, is illustrated in
Fig. XII-12b. This is proportional to frequency vs time of the output signal of the photo-
multiplier tube which is fed into the input of the spectrum analyzer. The synchronous

pulse from the function generator initiates a time delay which starts the sawtooth sweep
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Fig. XII-12. Time diagrams for the electronic systems.
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of a spinning disk as the disk was traversed across the measuring point. The x com-
ponent of velocity U = -wy should be a constant and the y component V = wx should vary
linearly as the disk moves in the x direction. The results of this check, shown in
Fig. XII-14, indicate that the linearity of the electronics system is excellent and that the
velocity error is within experimental error in determining the rpm of the disk. The
ambiguity in determining the direction of U and V is demonstrated in Fig. XII-14. The
U component is always negative and the V component is negative for negative values

of X.

The two-component LDV system has been used for extensive velocity measurements
in periodically produced vortex rings and in the wake of a model helicopter rotor.
Examples of the data from vortex rings were given in our previous repor‘t.1

When the system is used for helicopter rotor measurements, the model rotor is
placed in the position of the vortex ring generator shown in Fig. XII-10, and a synchro-
nous signal from the rotating shaft is used to initiate the electronic data-processing
system.

An example of data from the rotor measurements is shown in Fig. XII-15. The
oscilloscope trace shows velocity vs time at a point half-way out and a little above the
rotor blade. The experimental curve of the VZ component of velocity shows the clas-

sical signature of a lifting airfoil.
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D, MULTIPLE-FREQUENCY HOLOGRAPHY USING PULSED
ION LASERS

Joint Services Electronics Programs (Contract DAAB0O7-71-C-0300)
P. D. Henshaw, S. Ezekiel

The use of two-frequency holography to produce contour fringes on objects has been
well dooumem:ed,l"6 but all schemes share a common difficulty in that the optics neces-
sary to produce the proper reconstruction geometry limit the system. Careful align-
ment is necessary to avoid poor fringe localization or even complete destruction of the

contours. We have developed a system in which alignment is not critical, fringe
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localization is guaranteed, and the contours may be viewed in white light, Because the
object and reference beams travel nearly the same distance, lasers with limited coher-
ence can be used to record the hologram. These advantages result from use of an
extremely simple recording and reconstruction geometry, which is shown in Fig., XII-16.
Let (xo, Yo zo) be an object point where the coordinates are defined relative to the

center of the hologram plate. Similarly, let the reference source be located at (Xr’ Y

Zr)' In reconstruction, let the reconstructing source be at (XC, Yo Zc) and the image

H

point be at (Xi’ Vi Zi)' For convenience we prefer the reference and reconstruction
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Fig. XII-16. (a) Recording and (b) reconstruction geometry.

beams to have the same coordinates for all colors if a multicolor laser is used.

It can be shown that the image location (xi, Y Zi) is given by
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from a pulsed xenon laser. The fringe spacing is 34 pm. Figure XII-17 shows a recon-

struction of a typical hologram in white light.
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E. COHERENCE PROPERTIES OF A FLASH-LAMP-PUMPED
DYE AMPLIFIER

Joint Services Electronics Programs (Contract DAAB07-71-C-0300)
P. D. Henshaw, S. Ezekiel

The study of high-power ion lasers for multicolor holography has led us to investi-
gate the use of a dye cell pumped by a flash lamp as an amplifier. Our objective was
to combine the high gain of a flash-lamp-pumped dye with the relatively long coherence
length of a gas laser.

A pulsed xenon laser was used as the master oscillator. This laser appears to be
a good choice because high-power lines are available throughout the visible spectrum.l’2
Other desirable characteristics are a short pulse, which is compatible with a flash-
lamp-pumped dye cell, and relatively narrow Doppler broadening attributable to the
large atomic weight of xenon.

A block diagram of our apparatus is shown in Fig. XII-18. The xenon laser was
excited by a 2-mF capacitor charged to 5000 V. We found this gave laser pulses of
approximately 500 W (all lines) with a 2-ps pulsewidth. Although higher powers could
be produced, we found this combination of voltage and capacitor gave us the largest
energy pulses for the pulsewidth that we desired.

A coaxial dye cell and flash lamp (Candela Corporation CL 100E) was used as the
amplifier. The dye cell was 10 cm long and 1 cm in diameter. Dye solution was pumped
through the cell at a rate fast enough to cool it, but not so fast that turbulence destroyed

the wavefront of the xenon laser as it propagated through the cell.
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Fig, XII-18. Laser-amplifier arrangement.

Both the laser and the dye cell showed a consistent delay so that a double pulse
generator had to be used to synchronize the pulses for maximum amplified energy.

The 5956 A line of xenon matched very well with rhodamine 6G, one of the most
common and easily used dyes for 1asers.3 The strongest line of xenon at 5353 A falls
outside the bandwidth of rhodamine 6G. Fluorescein, another common dye, was used
to amplify this wavelength.3 We were able to conduct experiments with both of these
dyes to determine gain, coherence properties of the amplifier, and usefulness for holog-
raphy. A single pass gain of 10 was obtained with rhodamine 6G and 3. 6 with fluores-
cein,

Using a 10—4 molar solution of Na Fluorescein dye in water, we tested the ability
of the dye amplifier to reproduce the input spectrum of the master oscillator by ampli-
fying the 5265 10&, 5353 fl:, and 5395 A lines of xenon. These lines were amplified by a
factor of 3. 6 for a flash-lamp energy of 60 J. The 5395 A and 5353 A lines were of the
same peak power, while the 5265 A line was an order of magnitude smaller. The same
gain was obtained for both separate and combined amplification of the three lines. This
indicates that the dye behaves4 as an inhomogeneously broadened medium at a wave-
length separation of 50 A. The results of this experiment indicate that we can produce
a very high-power laser with two spectral lines separated 50 A. Such a laser would
have applications in two-frequency contour generation.5

The spatial and temporal coherence of the xenon laser were preserved by the dye
amplifier, Using a multimode xenon laser as the input, we measured the temporal
coherence with a Michelson interferometer both before and after amplification. The
fringe contrast was identical for all path-length differences. The measured coherence

length was approximately 5 cm. The coherence properties of the dye amplifier were
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destroyed by heating the dye cell because of repeated pulsing. A 5-10 s delay between
pulses was necessary to insure that this did not occur.

We have produced a reflection hologram of high quality, using a single pulse of
amplified light at 5956 A.
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