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Limited aperture light source streak photography 
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In shock wave equation-of-state experiments employing inclined mirror techniques, limited 
aperture light sources such as the xenon flash lamp are generally more convenient to use than 
extended light sources employing explosives, but can create alignment problems when mirror 
inclination angles are large. These problems can be solved by employing a wedge-shaped inclined 
mirror in place of a flat one. 

PACS numbers: 07.68. + m, 46.30.My, 43.40. + s 

We describe a simple technique which has facilitated 
equation-of-state measurements of solids using the 40-
mm propellant gun at the California Institute of Tech
nology shock wave facility. The technique is a modifi
cation of the well-known inclined mirror technique for 
measuring the free surface velocity of a shock loaded 
solid'; in essence, the flat mirror is replaced by a wedge
shaped one. The inclined wedge alleviates the severe 
alignment problems encountered with a simple inclined 
mirror when the light source used is of limited aperture, 
such as is the case with the Xenon flash lamp2 used in 
our laboratory. The technique increases the tolerance for 
mirror inclination angles of the system from about 2° to 
12° or more, thus increasing the effective aperture of the 
xenon light source from 4 ° to ~24 o. 

Mirror techniques in general depend on the change in 
specular reflectivity of a mirror as the lapped surface of 
a driver plate is driven into it by the shock-induced par
ticle velocity. This interaction is recorded on film by a 
high speed streak camera. Hence, the entrance of a shock 
into a sample may be recorded by means of arrival mir
rors placed on the sample next to the driver plate. Sim-

ilarly, the exit of the shock from the sample may be 
monitored with buffer mirrors placed on top of the sam
ple. In both these cases, arrivals on the streak record are 
perpendicular, ideally, to time lines. In the case of an 
inclined mirror, one obtains an inclined record which 
monitors the motion of a point of collision of the free 
surface with the mirror. The angle of inclination 'Y of the 
resulting streak with the perpendicular to the time lines 
is related to the angle of inclination a of the mirror with 
respect to the sample, the writing rate W of the camera, 
and the velocity Ur, of the sample's free surface by 

'Y = arctan{ W tan ajmUr,}, 

where m is the film image magnification factor for the 
spatial dimension (see Ahrens and Gregson 3 for a de
scription of corrections to be applied when the shock is 
tilted with respect to the sample). 

When 'Y is extremely small, measurements of Ur, are 
more error prone, and the resolution of two-wave struc
tures is more difficult. Relatively large values of')', how
ever, require correspondingly large values of a for typical 
combinations of Wand Ur,. In general a is limited by the 
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FIG. I. Experimental setup. The gun-launched projectile impacts the sample assembly. Light from the xenon flash lamp is reflected onto the 
sample assembly by the fixed "turning mirror," which a:lso reflects light from mirrors in the sample assembly to the streak camera. 
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FIG. 2. Geometry of inclined wedge. Wedge is made of glass with 
refractive index, n, and has a reflecting coating on its bottom edge. i 
= angle of incidence of light from turning mirror, r = angle of refraction. 
a = angle of inclination of wedge, fJ = internal wedge angle; a and f3 
must be chosen such that incoming rays are reflected back along the 
same path with which they enter. 

condition that the velocity Va of the point of collision 
must be large enough that the flow in both media is 
everywhere supersonic. The velocity Va is given by Duvall 
and Fowles 1 as 

Va = Ur./ sin a. 

Usually one requires that Va be greater than the maxi
mum shock velocity usm in the system, which leads to a 
maximum allowable a of 

amax = arcsin(Ur./Usm). 

Values of amax typically range from 15° to 30°. For an 
example with Ur, = 1. 7 kmjs, Usm = 6.8 kmjs, W = 7 
kmjs, and m = 0.7 (taken from an actual experiment), 
amax ~ 14 °' with a corresponding "Y of about 56 °. 

With a simple flat inclined mirror, large values of a 

can cause alignment problems without an extended light 
source. The reflected rays from the inclined mirror de
viate too much from those coming from the arrival and 
buffer mirrors. In the laboratory configuration shown in 
Fig. 1, values of a greater than 1.5°-2° cannot be tol
erated. Use of an extended light source, such as an argon 
candle (see e.g., Keeler and Royce4

), instead of a limited 
aperture xenon flash lamp, might solve this problem. 
Such light sources, however, are difficult to fire in syn
chronization with the impact of a gun-launched projec
tile. 

A simple solution is to replace the inclined mirror by 
an inclined wedge. The wedge opens out toward the fixed 
"turning mirror" (Fig. 1 ), which reflects light from the 
xenon lamp onto the target assembly. The wedge can be 
constructed such that some rays hitting it can be reflected 
back to the turning mirror approximately parallel to their 
original paths, and then reflected by the turning mirror 
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FIG. 3. Required internal wedge angle fJ for a given inclination angle 
a, for a wedge made of glass with refractive index n = 1.52. 

to the camera port, which also receives the rays from the 
buffer and arrival mirrors. 

The simple geometry of the inclined wedge is shown 
in Fig. 2. For a ray to be reflected in a path exactly 
parallel to its path of entry, it must be refracted by the 
wedge's upper surface such that it strikes the lower re
flecting surface normally. For this condition to be sat
isfied, the angles of incidence and refraction at the upper 
surface can, respectively, be (a + f)) and fl. Snell's law 
then gives 

n = sin(a + fl)/sin fl. 

An appropriate wedge angle corresponding to a desired 
inclination angle can thus be very easily obtained. A sam
ple curve of fl vs a for a glass wedge with n = 1.52 is 
shown in Fig. 3. 
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