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This system was originally developed in support of a dynamic diffraction moire
effort, but has obvious applications to other types of imaging, interferometry, and

high speed optical measurement techniques. The system includes a holographic grade

Apollo ruby laser and a Cordin model 330A high speed film camera. The laser has been

modified to generate a train of I to I00 or more pulses having individual pulse

energies of about 40 mJ and a pulse width under 50 ns. The separation between pulses

is currently 8 #s, but is expected to soon be reduced to about I #s.
,.

The laser pulses are synchronized with the framing sync signals from the Cordin

camera, so that an individual interferogram is recorded on each of the available

frames (a maximk,m record length of 80 frames is possible). The system is currently

configured as a diffraction moire Interferometer that illuminates a specimen

diffraction grating with a palr of laser beams. The resulting interferograms are

recorded using the Cordin camera. '[_tesystem and the experimental synchronization
method are described and some representative experimental data are presented.

INTRODUCTION

The multipulsed ruby laser system has been described earlier. I Originally developed

for dynamic diffraction moire interferometry, the system produces high quality

coherent pulses of <50 ns duration at rates in excess of I00,000 pulses per second.

The system could therefore be used in a variety of other measurement schemes, with

the image data recorded on the companion Cordin model 330A camera. This camera is

capable of recording up to 80 frames at rates of up to 2,000,000 frames per second.
Possible applications include conventional interferometry, shadow or schlieren data,

ordinary imaging where the fast pulse could reduce image blur, and perhaps

holography. Ali of these could be created during dynamic processes.

An improvement to the system now under development promises to increase the pulse

repetition rate to over I MHz. The system uses large diameter ruby rods with i0

independently Q-swltched laslng regions defined by an aperture plate that also serves
as a transverse mode selector. The acousto-optic Q-switch controller is triggered by

pulses from the Cordin 330A camera so as to generate a pulse each time the camera is

aligned on a frame. Fig, i is a schematic diagram of the system set up for

diffraction moire interferometry. Problems remaining to be solved with this new

system include some difficulty in optimizing ali I0 Q-switches simultaneously and in

phasing the camera sync pulses so as to compensate for various delays in the control

circuits and cabling, lt is possible to operate the Cordin camera in a streak mode

so that one could image onto the streak track (having removed the slit) and avoid the

camera sync problems. This latter mede of operation may cause some blurring due to

image motion, even with 50 ns exposures, m_ _ _..t_
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Fig. 1. The multipuIse dyn_ie system.

DETAILED DESCRIPTION OF THE SYSTEm.

The new O-swltch

The basic concept is to replace the conventional, single aperture Q-switch with a

multi-aperture device so that individual regions in the laslng media can be

independently activated. The apertures are arranged around the periphery of a large

diameter ruby rod, creating, in effect, many lasers out of one. In the present

device, an acousto-optic Q-switch permits a laslng region to be pulsed as frequently

as once every 7 #s, with an individual pulse energy of about 40 mJ and a pulse width

of about 50 ns. As many as 20 or 30 pulses can be produced in a given burst or pulse

train from each region. While at present only one Q-swltch station has been brought

on line, similar results are expected from each station of the multi-aperture laser.

The device, when fired with no Q-switching, produces a long series of randomly timed

pulses.
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O-switch control_l__.

The Q-switch can be operated on a single lasing region (station) or on each of the i0

independent stations in a rotating continuous sequence. The Q-switch pulse interval

is adjustable, and the rate of pulsing can be controlled by either an adjustable
internal clock or by external TTL pulses, perhaps synchronized with some external

event such as camera framing.

The controller contains i0 separate 2 W RF power supplies operating at 40 MHz. Each

supply is separately tuned with its particular acousto-optic Q-switch, and the power

level is adjusted to yield optimum beam diffraction while the Q-switch is on. To

remove the 20 W of power d_mped into the Q-switch assembly during operation, the

assembly is cooled by the same recirculating water stream used to cool the laser

flash lamps and output etalon.

Additionally, the controller has inputs for various enable pulses that can be used to

hold back a continuous synchronization pulse train until ready to gate out a portion
of the train for Q-switching purposes. Thus, while the camera comes up to speed and

the laser is pumped, the Q-switch is maintained in the non-pulse mode. The depth of

Q-switching can be controlled by adjusting both the high and low RF power to the

Q-switches, permitting one to optimize the lasing properties of the system. Laser

flashlamp energy, ruby rod temperature, and delay between flashlamp firing and onset

of lasing are also important variables for optimizing multipulse laser operation.

Timin_

A typical experiment has the following subsystems that must be brought into

synchronization with the experimental events: laser flashlamp power supply and

firing circuits, camera speed control, and Q-switch pulsing circuits. Certain

subsystems have other constraints; for example, the camera requires at least I0 s to

come up to speed, can stay at speed for no more than 60 s, and must then remain off

for at least I0 times the operating time (to allow lubricants to be redistributed and

components to cool). The laser flashlamp power supply, once energized, will

automatically dump its charge if the laser is not fired within 60 s. Once the laser

flash lamps are fired, the ruby rods require several hundred microseconds to store

sufficient energy to lase.

Thus, most dynamic experiments involving the multipulsed laser system will use the

following sequence:

I. Start camera turbine.

2. When the camera is at speed, charge laser capacitor banks.

3. When the laser is ready to fire, begin dynamic event; for example, operate a

piston driven impactor or activate a drop tower.

4. Use dynamic event to trigger the system. For example, prior to impacting the

specimen, the impactor may break a laser beam, which in turn activates a delay

circuit. Other timing events may be used, depending on the particular experimental

arrangement.
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5. After some predetermined delay, the laser flashlamps are fired. A second delay

of a few hundred microseconds leads to impact, which may also produce a signal useful

for timing (by making or breaking a circuit, or by producing an acoustic signal

detectable by a piezoelectric device).

6. At an appropriate time during the dynamic event, the delay unit sends out a

gating pulse to the acousto-optic controller allowing the frame sync pulses from the

camera to pass, which causes the Q-switch to begin multlpulse operation.

7. The laser fires, either on one station only, or, in a future version, on all ten

stations in sequence, with each laser pulse in synchronization with the frame

alignment pulses of the camera. When laslng on ali I0 stations, the individual

stations are fired in sequence until the sync pulse train is terminated or the lasing

media is no longer capable of providing gain.

8. The laser beam illuminates the experiment, generating interferograms or other

data that are recorded by the camera, usually on Kodak High Speed Infrared film.

Normally, timing is adjustedso that at least one data set is taken prior to impact

or other loading event to record the condition of the specimen before dynamic loading
occurs.

___ircuits

The delay unit was designed to satisfy the special requirements of multlpulsed

dynamic experiments, Firing the ruby laser generates considerable electromagnetic

noise, and the pulse controlling the firing must be a fast 10-V signal with

significant current. Other parts of the system require positive or negative slope

TTL pulses of varying width, with some being terminated in 50 ohms.

The delay unit consists of two Stanford Research Model DG535 digital delay generators

which provide the actual delays. A separate unit is capable of converting various

input signals into an assortment of output signals. The latter unit also can convert

either optical or electrical make-and-break signals into TTL pulses to acco,_odate

various types of experimental synchronization requirements. Most of the I/0 ports on
this unit are isolated to reduce the effects of EMl. The Cordln camera controller

also produces various synchronization signals that can be used to control other
devices.

LASER PULSE TRAIN

A Tectronics digital signal analyzer (model DSA 602), capable of digitizing at the

rate of 2 gigasamples per second, was used to record the sequence of laser pulses

generated by the multlpulse system. Fig. 2 shows the sequence of pulses that occurs

when the Q-switch is turned off. These pulses are generated by ali of the I0 lasing

regions in a random manner (spiking). Approximately 200 pulses were formed. No_ice

the large variations in pulse energy, which is characteristic of ruby lasers in

general.

Fig. 3 shows the pulses formed when ali but one of the laslng regions is blocked and

its Q-switch is activated at a rate of 1.50 kHz. Approximately 20 pulses were formed.

Large variations in energy from pulse topulse are still evident. This, combined

with the large variation in effective f/number of the Cordin 330A camera as the

=
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Fig. 2. Multiple laser pulse generation without Q-switching

turbine rotates, makes control of exposure difficult. The film used to record the

data must be processed to minimize the effects of variations in exposure.

Fig. 4 shows a Q-switched laser pulse train from ali I0 stations operating in

sequence at 500 khz. Also given is a power spectrum of the data, to show that there

is a tendency of the pulsing to occur at the 500 khz rate or at a sL_-harmonic, and a

power spectrum of the Q--switch command pulses for this set of laser pulses (Fig. 4b).
Note that there is good correlation between the Q-switch and laser harmonics at
500 khz.

SYNCHRONIZATION WITH THE EXPERIMENT

R_e series of pulses produced by the laser should be superimposed on some time

interval of experimental interest. For most of the experiments to date, this time

was determined by placing an acoustic detector adjacent to the region of interest.

The specimen (or an identical copy) was impacted once prior to the test and the

arrlvalof the stress wave detected acoustically. This information is used to

identify the times at which dynamic deformation presumably occurs.
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Fig. 3. Multiple Q-switched pulse generation from a single lasing region.

___PERIMENTA L DATA

To date, the multipulsed system has been used exclusively for dynamic diffraction

moire interferometry, llowever, due to the unique qualities of the system, it can

easily be used to obtain many types of high speed optical data, including data from
other interferometers, from Schlieren or shadowgram arrangements, or even to provide

ilhxmination for ordinary imaging. As an example of system capabilities, several

diffraction moire Interferograms of oll shale undergoing dynamic impact are shown in

Fig. 5. The vertical black artifact visible near the center of the interferograms is

caused by the beam splitter in the Cordin camera. This beam splitter is a prism with
one surface aluminized except for a narrow slit. Light reflected from the aluminized

surface eventually is recorded as individual framed images (although details present

at the slit location are missed). Light passing through the slit is imaged onto the

streak track and swept by the turbine driven mirror to form a simultaneous streak

record. We now have two new prisms, one fully aluminized, and one not aluminized.

The latter is used to produce images on the streak track (assuming a fast, pulsed

' light source is used to illuminate the subject). The former permits one to eliminate
the streak record and remove the vertical black line seen in Fig. 5.
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a. Q-switched operation on all ten laser stations operating in sequence.
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b. Power spectrum of FFT of data in Fig. 4a (top) and power spectrtm of FFT of Q-
switch driven pulses (bottom); note common spike at 500 kHz.

Fig. 4. Effect of Q-switching on laser pulse generation.
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Fig. 5. Dynamic interferometry of oil shale during impact.
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This new, _ntegrated dynamic moire system can currently record high quality

interferograms of dynamic in-plane distortions at rates in excess of i00 kHz. In the

near future, the pulse rate of the laser will be increased to approxlmately I MHz so

as to better match the 2-MHz recording rate of the high speed camera. We believe

that the system has considerable value as a source of hi_ quality coherent pulses of

light of reasonable energy for use in many forms of interferometry, measurement, and

imaging at high data rates. In conjunction with a high frame rate or streak camera,

the short pulse length provides improved time'resolution and reduced image blur for

rapidly moving objects.
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