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PHOTOGRAPHY 
AND PHOTONICS 
APPLICATIONS: 
AN UNDERUTILIZED 
TECHNOLOGY 

BY DENNIS L. PAISLEY 

Snapshot: Paisley describes the 

development of high-speed 

photography including the role of 

streak cameras, fiber optics, and 

lasers. Progress in this field has 

created a powerful tool for view

ing such ultrafast processes as 

hypersonic events and ballistics. 



A professor friend of mine commented a few 
years ago about scientists stating a particular 
phenomena is "not time dependent." His 
prompt reply was "Every phenomena is time-
dependent you are just not observing the 
proper time scale!" Well said! 

High-speed photography (HSP) and 
more recently photonics and videography have broad 
interdisciplinary applications from medicine and bio-
medicine to laser 
fusion and space 
vehicle design. One 
of the first serious 
functional uses of 
high speed photogra
phy was by Eadweard 
Muy-bridge in the 
1877 when he used 
HSP to answer the 
question "Are all four 
hooves of a trotting 
horse off the ground 
at any one time?" He 
used up to 24 indi
vidual cameras with 
shutters open for 
0.002 seconds. The 
question had been 
asked by Leland 
Stanford, president of 
the Union Pacific 
Railroad and founder of Stanford University. The 
answer was yes. 

The term "high-speed photography" varies in defini
tion with the individual experimentalist, but most pro
fessionals agree that any optical recording technique of 
one- to three- spatial axes with temporal resolution 
above 500-1,000 images per second qualifies. 

HSP incorporates numerous techniques and lighting 
methods in addition to the traditional camera operating 
with a high speed shutter. Like Muybridge's equipment, 
a simple box camera with a capping shutter and a short 
duration light source is an effective high speed camera. 
In 1926, Harold E. Edgerton (MIT), developed the 
strobe. He was well known for his single and multi-
pulsed strobe photos produced by multiple overlapping 
images. The simple, but elegant, technique is still used 
for scientific and engineering HSP in such diverse areas 

as explosives, human biomechanic studies, and aesthet
ics. Mechanical rotating mirror, moving film cameras 
are in wide use for research and dynamic engineering 
tests. In the last 10 years, high-speed videography has 
complimented film cameras. The ability to immediately 
view video recordings has contributed to its growing 
use, even with lower spatial resolution when compared 
to film. Film is still preferred over CCD and video for 
spatial resolution and will be for the foreseeable future. 

Figure 1, complied by 
W. Sweatt, illustrates 
the types and versatil
ity of HS cameras. 
Experimentalists can 
trade off spatial with 
temporal resolution, 
or number of frames 
with frame size, but 
cannot have the best 
of both worlds. 
Mother Nature always 
wins. The experimen
tal information 
desired usually dic
tates which type of 
camera is best to use. 

By far the most 
common type of 
high-speed framing 
cameras use moving 
film. Ultra-HS fram

ing cameras use an optical lever (rotating mirror) to dis
place an image while the film is stationary. Stops in con
junction with relay optics can generate framing rates in 
excess of 1 million frames/sec. Exposure and interframe 
time is determined by mirror speed. Because of the low 
light efficiency (typically f/25 - f/40) and short expo
sure, intense light sources are usually incorporated. 
These may include strobes or, for even more light, argon 
candles. Argon candles consist of explosively-shocked 
argon gas that becomes ionized for the duration of the 
shock. Pulsed lasers are commonly used for front lit and 
shadowgraph. Lasers have a significant advantage as a 
light source for several reasons: short duration, easily 
synchronized, monochromatic, intense, and well colli¬
mated when compared to other types of light sources. 
The one disadvantage for traditional HS photography is 
coherence. Coherence results in speckle that degrades 

Figure 1. HSP provides a diverse temporal and spatial range that 
must be matched to the experimental information required. 
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Figure 2. Mechanical streak cameras have many diverse applications. If stops 
and a relay optics are inserted, and the slit removed and the film plane is 
moved outward, a basic mechanical framing camera exists. 

Figure 3. Electronic streak cameras have greater temporal resolution than 
mechanical streak cameras, but electronic cameras have lower spatial resolu
tion and less recording time. Whether an electronic or mechanical camera is 
used is usually dictated by the duration of the event, light available. 

Figure 4. Velocity interferometry can provide valuable velocity and displace
ment data for material properties. From these data dynamic material proper
ties can be deduced. 

images, but several techniques have been used to 
decrease coherence length effectively elliminating speck
le as a cause of image degradation. Many other tradi
tional optical techniques such as Schelerin and moire 
are incorporated in HSP. 

The one major drawback of framing cameras is the 
lack of recording information between frames. Anyone 
who has used a framing camera has sometimes wondered 
"What happened between frames?" By removing the relay 
optics and inserting an optical slit at an image plane par
allel to the axis of the rotating mirror, one has a rotating 
mirror streak camera (See Fig. 2). The significant advan
tage of a streak camera is the continuous recording of 
time along one spatial axis. At first, one might quickly 
discount a streak camera as having limited use, but quite 
the contrary. Streak cameras are used in recording reac
tion fronts in combustion and detonation, shock waves, 
structural movements, and biomechanics. The temporal 
resolution is related to mirror speed and slit width with 1 
nanosec usually considered the practical temporal limit. 
For temporal resolution less than 1 nsec, electronic streak 
cameras are used in which a voltage gradient "sweeps" a 
slit of electrons across a phosphorous screen much like a 
oscilloscope. J. S. Courtney-Pratt patented the first elec
tronic streak camera in 1948 while at Cavendish 
Laboratory, Cambridge University. Electronic streak cam
eras are the mainstay for evaluating spatial and temporal 
pulse shape for lasers, plasmas, interferometry, photo
chemical dynamics, and other optical events that require 
nanosecond to femtosecond temporal resolution (See Fig. 
3). Electronic streak cameras can replace many tens of 
photomultipliers with improved temporal resolution in 
most applications. We routinely use one electronic streak 
camera with optical fibers instead of 10 discrete photo-
multipliers to record 10 optical signals. By keeping and 
transmitting the signals optically, instead of electronically, 
we can maintain the bandwidth until final conversion in 
the electronic streak camera. The signals recorded are 
generated from the central order of a VISAR, a special 

Figure S. Density gradients can be seen in the Schlieren image of a 
1.45 Mach nitrogen gas flowing around a 20-mm diameter rod and 
right-angle corner. 



interferometer that records 
velocity versus time unlike a dis
placement interferometer. Figure 
4 provides an optical layout of a 
traditional VISAR. By replacing 
the photomultiplier tubes, 
amplifiers, cables, and digitizers 
with optical fibers and an elec
tronic streak camera, the tempo
ral resolution can be improved 
101 -10 2 . 

HSP is commonly used in 
conjunction with optical tech
niques not necessarily associat
ed with temporal resolution 
such as, Schlieren, color 
Schlieren, and shearing interfer
ometry to resolve flow field gra
dients around aerodynamic 
structures and hypersonic 
events. These techniques are 
commonly used with framing 
cameras but streak cameras 
with single or multiple slits can 
also be used effectively. Figure 5 
represents a typical Schlieren 
experiment in a flow field at Mach 1.45. The flow field 
and density gradients are visible in the image. By 
recording multiple images, one can map progress. 

Pulsed lasers provide unique qualities as light 
sources for framing cameras. The monochromaticity, 
collimation, and short duration are all used for frontlit 
photography. Unfortunately, the coherence must be 
destroyed or at least, the coherence length decreased to 
a level so that any speckle does not degrade the image 
quality. Techniques to destroy coherence have been 
developed and are in use. Pulsed lasers synchronized 
with each frame of an electronic framing camera are a 
very powerful diagnostic tool. L. L. Shaw et al. 
(Lawrence Livermore National Laboratory), has com
bined these tools to record stereophotographs of shape-
charge metal jets with frontlit photography. By using 
laser-matched bandpass filters in the cameras, only 
reflected laser light is recorded by the framing cameras. 
Shaw uses four sets of two-each cameras as a stereopair 
(See Fig. 6). 

HSP has made significant inroads into medical 
treatment and diagnostics. Los Alamos, Oregon Medical 
Laser Center (OMLC), and Palomar Medical Lasers cur
rently are working on a CRADA to evaluate the use of a 
dye-pumped lasers to break coronary blood clots. With 
Palomar and OMLC guidance, Los Alamos is modeling 
laser-clot interactions and experimentally evaluating 
laser-pseudoclot interactions by bubble cavitation (See 
Fig. 7). Numerous other medical centers are finding 
applications for HSP. 

HSP is an underutilized technology that can provide 
visual and quantifiable data of dynamic events without 
contacting or perturbing most experimental environ
ments. These are but a few of the applications. 

Figure 6. A concave copper metal liner is inverted by an explosive generating a copper metal jet traveling at greater 
than 6 km/sec. This stereopair can be viewed by relaxing one's eyes or using a stereoviewer. 

Figure 7. A 400-μm diameter optical fiber transmits a 1 μsec dye laser pulse onto a pseu-
do-bloodclot. The expanding bubble in the water over the pseudo-clot can be seen to grow 
and collapse. The interframe time is 50 μsec.1 
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