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Abstract

VISAR performance can be improved while raducing cost, set up time, and required operator skill. Simple
features that increase laser light efficiancy, improve signal-to~noise ratio, reduce t'ie number of cdata chan-
nels, greatly simplify data reduction, ease VISAR adjustments, and reduce laser wear and tear are discussed.

These features were collected, developed, tried, and proven cver the last fe.. years and several hundred VISAR
shots.

Introduction

Although any VISAR can measure velocity, its true value depends upon how well it acquires data compared to
the cost, effort, and assets required for its use. Versatility and ability to measure velocities under ad-
verse conditions, as well as simplicity and low cost can easily be achieved in the szme instrument.

This paper is a brief description of features that have provaed usefu) in our VISAR since 1976. I have
selected for discussion those features most ignored by VISAR builders and users. It is surprising that most
of the best alternatives are the least expensive,

It is assumed that everyone is familiar with VISAR; therefore, no detailed discussion of VISAR will be
presented here. The two data channel method discussed herc lc,ically precedes another paper. "VISAR: 2k
Minutes For Data Reduction,"” to be presented in Session 4.

Ideas presented here can be ?rouped into four categories: VISAR optical system desigr, data signils and
recording, data reduction, or miscellaneous. Except for optical system design featu;es, they can easily be
incorporated into existing systems.

VISAR optical system

Push-pull photodetector design

Figure 1 shows a conventional VISAR! {nterferometer with an intensity monitor and two data detectors. In
this design, three signais are needed for data reduction; however, only the two data detectors obtain velocity
fnformation. Moreover, one recombined beam from the interferometer is not used. Thus, only about one-third
of the available light produces signal containing valocity information.

{n the design of Figure 2, two more data detectors are added, but the monitor is deleted.? Here all light,
excep. tor tranimission and reflection losses, produces signals that contain velocity information. Thus, the
useful signal is approximately triple that of Figure 1.

In practice, the four signals of Figure 2 are usually not recorded separately. lnstead, the conjugate
signals from opposite sides of the interferometer are subtracted elactronically before vecording. This pro-
vides several benefits. Optical or electrical noise common to both signals is cancelled while the signal
amplitude is doubled. Furthermore, only two data channels are needed. Also, the signals are of the proper
form to use the simple arctangent data reduction algorithm to be discussed later.

Although this design does require a modified VISAR, {t provides important advantages. The r« lative im-
portance of the increased signal, reduced sensitivity Lo optical noise from target seif-1{ght, or reduced
sensitivity to strony electromagneti. interference depends upon the VISAR applicetion. Any one of the three
could be paramount in a giv:n experiment,
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Figure 1. Schematic of conventional VISAR with three signals required for dats analysis.
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Figaie 2. Schematic of push-pull VISAR with outputs thay are suotracted to'give two signals.

Polarizing beamsplitter for dividing light

Because it is necessary to operate two VISARs together on some ex-eriments to account for lost fringes,
light is often split between two interferometers. This is us.ally done with an ordinary 50/50 beamsplitter,

To prevent the possibility ¢f time dependent polarization ::hanges from affecting ‘he quadrature-coded data
signals unequally, it is necessary to pelarize 1ight ahead of a VISAR interferometer. The input polarization
should be oriented halfway between the orienmiations of the two data polarizations to ensure equal signal
strengths. But using a 5C/50 beamsplitter before the polarizer wastes approximately half the light.

By using the polarizing beamsplitter and mirror arrargement of Figure 3, it is possible to simultaneously
split the 1ight equally between two interferometers, provide the proper polarization, and not waste light.
This smal! change could effectively double the laser power in many existing VISAR systenms.

Light efficiency and signal-to-noise improvements enable the use of higher f number optical components.

One beneficial cffect of this is to reduce aperture broadening of the doppler spectrum collected. This broad-
ening is caused by the angular dependence of the doppler shift over a finite collection angle.
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Figure 3. Polarizing beamspiitter and mirror arrangement to split, polarize,
and properly orient input to two VISAR interferumeters,

Transiate the etalon mirror oniy!

Figures 1 and 2 show VISAR interferometers with a glass etalon in one leqg. It {s necessary to change this
etalon and the location ot one mirror to adjust the VISAR fringe constant,

A linear translato. {s usuirlly piovided to allow for equalizing beamsplitter-to-mirror path lengths after
atalon changes. [In principle, either mirrur can be translated.

However, 1t {s much better to translate the mirror in the same leg as the etalon. This allows the other
mirror to he fived. Thus, with the beamsplitter, {t can provide a permanent referance for the optical axis
Lthrough the interferometer

If the mirror oppo.ite the etalon i3 transiated, etalon changes affact both le?s of the interferometer.
This changes both *he optical axis and the ungle for recombination at the beamsplitter. Because tks photo-
detector aperturss ave fixed, they will no longer be on coincident optical axes. This will cause tight dis
tributon changes batwaen photodetectors Lo he misinterpated as velocity changes. Thus, etalon changes
necexsitate tedious realignment of mirrors, beamsplitters, aperturves, etc,



Data signals and recovding

Recording data with two channels

The push-pull pootodetector design of Figure 2 is noi necessary to enahle the use of twn channel data
recording. If the monitor of Figure 1 is subtracted from each of the data signals, it can be eliminated.?

Although the resulting signals do not have increased amplitude as in the push-pull design, some tenefits
are still obtainad.

Only two data recording devices instead of three are reeded. This could be significant, especially iT
changing from oscilloscopes to digitizers. For example, one R7912A0 digitizer costs approximately the same as
the whole VISAR optical system. Or, a single two channel digitizer could suffice for recording VISAR data.

Another benefit realized when using two data channels is greatly simplified setup. By us.ng an X-Y (or
Lissajous) oscilloscops display of both fringe signals, it is simple to equalize awmplifier gains and to adjust
the interferometer retardation plate to obtain perfect guadrature. This is done during setup with a piezeo-
electric translator moving one interferometer mirror to provide fringe mot.ion. Correct adjustment is obtained
when a perfect circle is produced on the oscilloscope.

Finally, data reduction using two data channels is greatly simplified. This is the most important reason
for using two channels.

Data format and error discussion

VISAR raw data is usually recorded by oscilloscope cameras or waveform digitizers. In cither case, several
constants are needed before data reduction can be done. Also, precise time registration between all data must
be provided.

By recording the laser turn-on generated by a fast Pockel's cell on traces just before the ¢'.art of data,
it is possible to get zero light level and, in most cases, precise vime synchronizatior of multiple traces.

The addition of time fiducials before and after each signal provides more than redundancy. First, time
calibration can be verified from the raw data. Furthermore, the valid data intervai can be located auto-
matically. Finally, sequential traces can be registered in time to each cther,

Figure 4 shows a VISAR record obtained using two data channels and an oscilloscope camera. Each data trace
contains the laser turn-on, a time fiducial, velocity data, and a fiducial just belore the end of the trace.
Offset below each trace is the time calibration signal.

Figure 4. Complete VISAR record showing two signals cbtained by electronic
subtraction, zero 1.ght level Lefore Pockel's cell turn-on, time
fiducials .nd time calibration marks cffset below signals.

In this format, a single f{lm contains most information for data reduction except the fringe constant and
the time mark itnterval. Both are tire {ndependent

Atthough the amplitude ratio of the two signals is not self-contained in the record, !t is set to 1.0
during VISAR setup. Also it is quite stab'e even over a periud of days. Moreuver, data reduction is rela-
tively insensitive to modest changes in this ratio, especially when many fringes are present.

Almost the same s true for the phase angle; it {s set to 90° during setup, 1t is very stable, and duta
reduction is quite insensitive to modest changas in it

furthermore, over several fringes, it is probable for errors in any or all of the above constants to av-
arage to zero. This s because the effect of these errors is to superimpase onto the velocity, a smal)
oscillating error. For an integral o) the velocity, like the position vs time curve, errors can av. rage
approximately to zero over each fringe. Thus VISAR signals are relatively i{mmune to experimental errors.
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Arctangent data reduction

Thic data reduction method® is usable in VISARs where data are recorded with two chznnels. It complements a
graphical diagnostic to simplify data analysis. It has been used for several years in two systems; one for
manuvally read oscilloscope photographs and another with computerized data arquisition. It will be discussed
in the Session 4 paper, "VISAR: 2% Minutes for Data Reduction.”

Miscellaneous

VISAR fringe constant accuracy

The accuracy of VISAR measurements depends upon an accurate determination of the interferometer time delay
that gives rise to the fringe constant. A two-stage procedure* using white light interference from a mercury
source, then an incandescent lamp, can be used to make a very precise determination of the zero delay posi-
tion. A1l fringe constants can then be based on this zero position.

VISAR sequencer

For the past six years our VISAR has made use of a microprocessor-based sequencer to perform check list,
repetition, and firing chores. It verifies proper firing conditions, then gates, triggers, and switches in
the proper sequence to acquire velocity signals and calibration data. This provides several benefits.

It allows the laser to idle at just above lasing threshold, except when gated to higher power by the se-
quencer. Thus, plasma tube life and also laser safety are greatly enhanced.

It helps maximize accuracy by acquiring calibration within milliseconds afte: velocity signals are re-
corded. Also, it greatly reduces the time, effort, and skili required to fire VISAR tests.

Although rapid test-firing is not always necessary, two operators working together have fired a series of

31 VISAR shots in 40 min on this system. This demonstrates that VISAR could be applied to production measure-
ments if necessary.

In another example, we helped two visitors (who were nut familiar with this VISAR) fire 54 shots in approx-

imately one day of firing. A1) shots gave usable data. We feel this further demonstrates simplicity of VISAR
system operation.

Optical) fiducial pulser

It is easily possible to generate simultaneous ~10-ns-wide optical pulses. We do this Ly connecting a
series string of small, light-emitting diodes to a single avalanche transistor pulser. Light is coupled to

VISAR photomultiplers using light pipe. (Our pulser is 2 x 3 x 5 cm, and has 12 optical outputs and one elec-
trical output.)

With equal length light pipes, this provides simuitaneous optical fiducials to eight photomultipliers on
our dual VISAR. In addition to the time signals this cystem produces, it provides a double check on proper
photomultiplier operation just nanoseconds before and after velocity signals. It a.so provides a simple tran-
stopt rosoonse test for the complete signal path from photocathodes to digital data file in the ccmputer. This

has been useful to help lncate intermittent faults in signal cables; especfally at connections, reizys, and
terminations,

Although the optical fiducials are used for day-to-day syichronization of VISAR data signals, the rast
turn~on of the laser is a better timing fiducial becsuse the actual path for signails is used. Theretore, {t
was used t0 check out the Yight emitting diode system at initial sctup.

Note that the optical fiducial system must be used, in general, for VISAR shots instead of thc laser turn-
on. This is because of the random interferometer phase at laser turn-on time. If either data <ignal i» at
90° gr 270°, then no output will be present in that signal to provide timing synchronizaiion.

Use the Pockel's cell waste beam

A laser spectrum analyzer can be permanantly mounted to recelve the laser Pockel's cel! waste beam. Be-
cause this beam is reflected to one side of the laser axis, it {s simple to mount a suitable attenuutor and

spectrum analyzer in this location Thus, the laser -pectrum can conveniently be observed at any time except
for when the Pockel's cell is gated on,

Conclus fon

Importance of features discussed are illustrated in t.gure 5. Advantageous use of a sequencer, proper
transtator, optical fiducials, laser spectrum analyzer, and precise fringe constant also enhance VISAR vaiue.
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Push-pull
2 channel
Polarizing data recording
Beamsplitter (any VISAR)
(dual VISAR) arctangent

Optical noise Electric noise 3 x greater 2 x greater
cancellation cancellation light light
efficiency effipiency

Less roise *lower -ecording cost
\\ 2 x, 3x,0r6x
greater light *simplified setup
efficiency

*simplified analysis
MUCH better
signal-to-noise

*Better velocity *Can do more *Use sialler *higher f number
resoiution difficult laser and/or optics to reduce
tests *get longer laser life aperture broadening
and

Xgreater laser safety

rigure 5. Diagram illusirating benefits of VISAR features
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