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Abstract 

The Sandia Z machine is a source of intense radiation which can be used to drive ablative 
shocks for equation of state studies. In developing the capability to diagnose these types 
of studies on Z, techniques commonly used in conventional impact generated 
experiments were leveraged. The primary diagnostic transferred was velocity 
interferometry, VISAR, [l] which not only provides Hugoniot particle velocity 
measurements, but also indications of shock stability and wave attenuation. In addition 
to a VISAR capability on the Z machine, methods for measuring shock velocity have 

~ been developed. When these measured parameters are used in conjunction with the 
Rankine-Hugoniot jump conditions, [2] material response at high temperatures and 
pressures can be inferred. With sample sizes used on Z being much smaller than those 
fielded in typical impact experiments, temporal resolution and methods of interfacing the 
diagnostics with the targets had to be improved. In this paper, a “standard” equation of 
state experiment, associated diagnostics, and some recent results in aluminum and 
beryllium will be discussed. 

* Sandia is a mukiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for 
the United States Department of Enrgy under Contract DE-AC04-94AL85000. 
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Introduction 

A principal goal of the Sandia shock physics program is to establish a capability to make 
accurate equation of state measurements on the Z pulsed radiation source. With this 
source, ablative multi-Megabar shocks can be produced to study materials over the range 
of interest to both weapons programs and ICF physics programs being conducted at 
Sandia and elsewhere. To achieve this goal, we have chosen to leverage technology 
developed for similar studies conducted using plate impact generated shock waves. The 
primary diagnostic technique transferred has been VISAR, which provides time-resolved 
particle velocity wave profiles from which Hugoniot states, strength effects, phase 
transitions, elastic limits, and other information can be inferred. 

Two series of experiments, one on aluminum and one on beryllium, were performed to 
demonstrate the potential for these types of measurements on Z. The results are 
encouraging, although improvements to the drive need to be made. Both particle velocity 
measurements from VISAR and shock velocity measurements from two independent 
diagnostics have been recorded, from which Hugoniot states were inferred. 

Experimental Configuration 

Radiation on the Z machine is .produced when approximately 1 8 Megamps is passed 
through a cylindrical wire array typically 20 to 50 mm in diameter and 10 to 20 mm tall. 
The cylinder of 8 to 20 micron wires consequently forms a plasma shell which is 
magnetically imploded until it collapses and stagnates upon itself, forming a dense 
plasma emitter in the shape of a column, referred to as a " Z-pinch". 

The initial wire array and subsequent plasma pinch are housed within a metallic can 
which serves as both a c&ent return path and a reflective surface to contain the radiation. 
This can is called a primary hohlraum. Attached to openings in the primary hohlraum 
wall are smaller tubes referred to as secondaries. Multiple secondaries can be fielded on 
most experiments and are the typical location for mounting EOS samples. A standard 
experimental configuration of a primary with three secondaries attached for EOS studies 
is shown in Figure 1. 

It is assumed in Z experiments that the radiation flux at the entrance to each secondary is 
identical for a centered pinch, as long as the secondaries are placed symetrically around 
the primary. It is also assumed that the flux at the far end of each secondary is the same 
when the geometries are equivalent. These assumptions allow for the experimental 
package located at the end of each secondary to provide a measurement which can be 
correlated to information gathered from the others. For instance, a shock velocity 
measurement obtained on one secondary can be combined with a particle velocity 
measurement located on another to provide an absolute Hugoniot point for the material of 
interest. This is not a requirement for Hugoniot data if both shock velocity and particle 
velocity measurements can be made at the end of an individual secondary, but does 



provide for self-consistency checks and back-up measurements if some information is not 
obtained on a particular secondary. 

VISAR Probes 

EOS Target 

Primary Hohlraum 

Temperature Diagnostic 

FIGURE 1 : A standard experimental configuration for performing 
equation of state studies on the Sandia Z machine. 

In Figure 1 , each of the three secondaries provides a piece of information that is used to 
determine an equation of state for the uncharacterized material. Secondary S 1 contains 
two separate VISAR measurements. Each VISAR probe is positioned on a different 
material thickness. By coGelating the resulting velocity profiles in time, a measurement 
of shock speed can be determined. In addition, the velocity profiles provide the Hugoniot 
particle velocity after the records have been impedance matched, as well as a method to 
ensure that the shock is both fully developed and unattenuated during the time of interest. 

Secondary S2 provides a direct measurement of shock speed using a lens coupled, open 
beam light path. It is termed an active system because light is provided to the reflective 
sample surface by a pulsed laser. As the shock wave arrives at each of these surfaces, its 
reflectivity drastically reduces causing a sharp drop in the optically collected return light. 
Through preshot characterization of sample step heights and an experimentally measured 
time between shock arrival at each surface, the shock velocity can be inferred. 

Secondary 53 also provides a measurement of shock velocity using an active shock 
arrival system. It, however, is fiber optically coupled. This allows a relative shock 
velocity measurement to be made from adjacent samples, one a well characterized 
material in the pressure range of interest, and the other, the material under investigation. 
By impedance matching the resulting shock speeds, and knowing that the wave has not 



begun to attenuate as evidenced from the VISAR measurements, a Hugoniot point can be 
inferred. 

This approach to equation of state characterization provides three independent 
measurements of shock speed and two independent measurements of particle velocity 
which can be compared and combined to produce Hugoniot data points. It also provides 
evidence of an unattenuated wave, which is crucial to obtaining accurate Hugoniot data. 
With this much redundancy and verification of measured parameters, resulting 
experimental error bars should be quite small if each measurement has less than 1% 
accuracy associated with it. 

VISAR Measurements 

Obtaining an absolute Hugoniot data point using the Rankine-Hugoniot jump conditions 
requires measuring two of five unknown parameters in equations derived fi-om 
conservation of mass, momentum and energy across a shock front. The two we have 
chosen to define on Z are shock velocity and particle velocity. Measurements of time 
resolved particle velocity in both plate impact studies on guns and ablatively loaded 
samples on Z can be made with a VISAR using the experimental configuration shown in 
Figure 2. 

;ment  

Sample, Thickness I 
Windows / 

FIGURE 2: Typical equation of state experimental configuration used on 
Z for measurements ofparticle velocity with VISAR. The smaller 
circles on the plate indicate placement of VISAR probes. The probes 
are not centered on the steps because calculations show the wave to 
be uniform only over a central region of the sample. 

As shown in Figure 2, an uncharacterized material is bonded to a disk of ablator 
material, which is typically aluminum. The ablator is used to absorb the radiation and 
develop the shock front which then propagates into the material of interest. This 
configuration not only allows shock amplitude to be controlled through use of different 
ablators, but also minimizes any ablative loading effects fiom influencing the Hugoniot 
results in the material under investigation. Inner diameters of secondary hohlraums used 



in these studies on 2 are approximately 6 mm. This diameter limits sample sizes that can 
be used. Each of the steps of uncharacterized material shown in Figure 2 is 2 mm on a 
side. Thickness is limited to several hundred microns in most cases to maintain uniaxial 
strain conditions necessary for accurate Hugoniot data. 

A piece of lithium fluoride (window) approximately 1 mm thick is typically attached to 
the sample of interest to provide a path for shock propagation, yet still allow the 
reflective interface to be monitored with VISAR. The bonded surface is coated with 1 
micron of aluminum to provide a high quality reflector, and has proven to be much more 
effective for obtaining VISAR data when it is specular as opposed to slightly diffuse. It 
is not completely understood why this appears to be true, since conventional applications 
tend to require a diffuse reflector, but the effect is under investigation. It is possible that 
the method of coupling the light to the target (without focusing lenses and in close 
proximity) is responsible. The window is bonded onto the sample using a thinned, fast 
cure epoxy, with typical bond thicknesses ranging from 5 to 10 microns. Efforts are 
currently underway to reduce this thickness by an order of magnitude since the bond 
currently represents approximately 10 percent of the sample thickness. This not only 
increases error bars on shock velocity measurements, but also tends to have a dispersive 
effect on the shock wave profile. 

In Z VISAR applications, the coherent, single frequency laser light is coupled to the 
target sample using a simple fiber optic probe arrangement as shown in Figure 3. Three 
200 micron silica fibers approximately 3 meters long are grouped, with one end potted 
into a piece of stainless steel tubing approximately 25 mm in length and 1 mm in 
diameter. The potted end of the assembly is polished and the other end fitted with 
standard ST fiber optic connectors for interfacing to a fiber patch panel. The probe is 
located relative to the sample using a brass alignment cap. The standard distance between 
the sample and probe end is approximately 0.5 mm for a free surface velocity 
measurement, resulting in an illuminated spot size on the sample surface of 
approximately 300 micron5. The probe is typically in contact with the 1 mm thick 
window when release behavior is being investigated, which results in a spot size of 
approximately 400 microns at the window/sample interface. 

Fiber optic 
cables \ 

Polished end 
/ 

Input 3 
outputs 

f 
Stainless Steel tubing 

FIGURE 3; The standardpber optic probe used to send and collect laser 
lightfrom a surface in Z applications. 



As previously mentioned, accurate Hugoniot data requires an unattenuattd wave. VISAR 
records provide evidence of how steady the wave is during the loading process. 
Currently, this is a limitation for obtaining accurate Hugoniot data on Z. The typical time 
resolved radiation profile shown in Figure 4a has a full width half max value of 
approximately 20 ns. This produces a wave profile as shown in Figure 4b when a 
standard EOS configuration with typical sample thickness is used. This wave is 
obviously attenuating and not yet adequate for producing Hugoniot data with small error 
bars. 
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FIGURE 4: (a) a typical time resolved radiation profile on 2, @) a shock 
proJile measured with VISARJLom c standard EOS experiment and the 
radiation proJi1e shown in 4a. 

Since samples are so thin on a typical 2 experiment, shock transit times are extremely 
short and temporal resolution on VISAR velocity profiles becomes increasingly 
important to maintain reasonable error bars on data points. Data on Z is therefore 
recorded with both photoqultiplier tubes connected to 5 GHz digitizing scopes, and a 
streak camera that directly records the interfered light before it enters the photomultiplier 
tubes. The streaked system is typically operated with a resolution of 61 picoseconds per 
pixel and a 100 nanosecond total sweep. The inherent resolution of the photomultiplier 
tubes is felt to be approximately 2 nanoseconds. Data which was gathered from each 
system for the same event was compared to determine how well the photomultiplier tube 
system was able to capture wave features on Z. The comparison is shown in Figure 5. 
Results indicate that the wave profiles have similar features and that the photamultiplier 
tubes are adequate for simple measurements of drive characterization, but may not be 
capable of recording faster, shorter events necessary for characterization of a material. 

. 

Additional VISAR experiments have been fielded on Z to study the effects of radiation 
on sample preconditioning. Relatively low levels of radiation are produced as the plasma 
shell is imploding (run-in radiation), and measures must be taken to ensure that this does 
not change the initial state of the experimental sample. Coverings over the entrance to 
each secondary have been shown to be effective in preventing preconditioning. Thickness 
of the Paralyne-N ( pure CH) covering was varied and the corresponding wave profile 
evaluated for evidence of lead in pressure prior to arrival of the main shock front. 
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FIGURE 5: A comparison between VISAR data recorded with a streak 
camera and data recorded with photomuItipIier tubes and 5 GHz 
digitizers. 

Experimental results are shown in Figure 6, and suggest that a 6.3 micron thick covering 
is adequate to remove the preconditioning effect based upon the resolution of the VISAR 
with a VPF of 0.8 km/s per fringe. This fringe constant on the VISAR allows pressures 
as low as 3 kbars to be observed in aluminum and 0.6 kbars in CH plates. Additional 
experiments were performed changing the geometry of the secondary to one which 
directly viewed the pinch. For this configuration, the same thickness of Paralyne-N was 
not adequate to eliminate the preconditioning effect. 
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FIGURE 6:  VISAR velocity records showing sample preconditioning due to run-in 
radiation and the eflect of entrance coverings in controlling it. 

Shock Arrival Diagnostics 

A measurement of shock velocity within an uncharacterized material has been identified 
as one of the two parameters which must be measured for application of the Hugoniot 



jump conditions in a typical equation of state zxperiment on 2. We have developed two 
independent systems to make this measurement. Both systems reflect a burst of intense 
laser light from a diamond machined, specular target surface, and record the change of 
reflectivity on that same surface as the shock wave arrives. The fundamental difference 
between the systems is the method for transporting both the incoming and reflected laser 
light. One system makes use of mirrors and light tubes (open beam shock breakout 
diagnostic), and the other utilizes fiber optics (fiber optic shock breakout diagnostic). An 
active approach, where light is provided to the sample surface from a laser, was chosen to 
extend the pressure range which can be accessed by these diagnostics. A passive system, 
where light is generated due to self-luminescence of the sample surface upon shock 
arrival, will not be effective in the lower pressure regimes for most materials. 

The open beam shock breakout system utilizes a pulsed solid state laser operating at a 
wavelength of 650nm. The pulse width is approximately Sons and has an associated 
energy of 200 mJoules. The light pulse travels a distance of approximately 33 meters 
from the laser to the target. The optics near the laser are 75mm in diameter and coated to 
optimize 650nm transmission. The remaining optics in the light path are 1 O O m m  
diameter and broadband. The distance the reflected light travels from the target to the 
streak camera is 8 meters, 3 meters of which is open beam and 5 metrers in a linear fiber 
array composed of 165 100 micron diameter fiber optics. The system has an inherent 
magnification factor of 1.7 and can therefore image a section with dimensions of 13.5 
mm long and 59 microns wide. Metal shielding is typically required between the target 
and the first set of turning mirrors to eliminate plasma formation on the sample or mirror 
surfaces from stray radiation in the Z target section. 

The system has been used to record shock arrival on three different materials to date. 
The best, most reliable results have been seen on a solid, stepped aluminum plate as 
shown in Figure 7 for shot 2271. In this record, step heights are 123 and 178 microns for 
the lower and upper steps respectively. This gives a Athickness of 55 microns. The 
timing marks (dots) at therop of the image are from a comb generator. They have been 
set and calibrated at 2.0 nanoseconds between pulse, and give a transit time on this record 
of 3.8 nanoseconds. A shock velocity of 14.47 km/s can therefore be calculated. The 
other two materials on which this system has been used are aluminum coated 
(approximately 1 micron thick) plastic, and single crystal beryllium bonded to the 

~ surface of an aluminum plate. Images from these materials are not as easily interpreted 
as for the solid aluminum samples. 

The fiber optically coupled shock breakout (FOSBO) diagnostic utilizes a coaxially flash 
lamp pumped, pulsed, dye laser operating at 514.5 nanometers. It has a pulsewidth of 
approximately 400 nanoseconds (FWHM) with an associated energy of 200 mJoules. The 
pulse of light travels from the laser through a series of ND filters (to control light 
intensity) where a portion is reflected into a photodetector for pulse analysis. Once 
through the filters, the light is coupled into a 10 way fiber splitter through a high-power 
fiber optic connector. The transport mechanism between the splitter, target and back to 
the streak camera is a bundle of 100 micron core, radiation hard, silica fibers 
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FIGURE 7: Shock breakout signal recorded with the open beam shock 
breakout system on shot 2271. Sample is a solid, stepped aluminum 
plate and gave a shock velocity of 14.47 M s .  

shielded when not inside a screenbox with a flexible, nylon coated metallic shield inside 
of a larger, flexible metallic conduit. It is approximately 25 meters both from the laser to 
the target, and the target to the camera. The fibers are routed through a lnanorneter 
bandpass filter prior to entering the streak camera to reject fluorescing light inherent to 
fiber optics operating in a high radiation environment. The probe used to couple the light 
to the sample surface is similar to that described for the VISAR application, except it is 
housed in a smaller diameter tube and contains only 2, 100 micron core fibers. This 
arrangemeat at the standard 0.5 mm standoff distance produces a calculated illumination 
(spot) size of approximately 200 microns. 

The system has been used on the same materials and experimental configurations as for 
the OBSBO system. The FOSBO system has been able to record data adequate for shock 
velocity determination on all the sample materials. A set of data from the aluminized, 
plastic plate used in shot 26 1 is shown in Figure 8 with associated lineouts. In this record, 
step heights are ?? and ?? Gicrons for the lower and upper steps respectively. This gives 
a Athickness of ?? microns. Lineouts of the data give a transit time on this record of 
approximately 9 nanoseconds depending on which adjacent probe records are used. 
Measured transient times vary due to the nonuniformity of the ablatively driven shock 
front. An average shock velocity of ?? km/s can therefore be calculated. It is felt that 

determined to within 2 pixels. At the fastest sweep speed used thus far, that correlates to 
130 picoseconds. 

. shock arrival, the decrease in reflectivity on the sample surface, can typically be 

Recent results 

Two experimental series designed to obtain absolute Hugoniot information using the 
experimental configurations and diagnostics previously described have been made. One 
series was made on type 1 100 aluminum, and the other on single crystal beryllium. In 
both cases, hydrocodes were used to define sample dimensions for optimal results. 
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FIGURE 8: Shock breakout signal recorded with thejber optic shock 
breakout system on shot 2261, with associated lineoutsj-om the data. 
Sample is an aluminum coated, stepped plastic plate and gave a 
shock velocity of ??h/s .  

The first two aluminum experiments (2259, and 2260) used primary hohlraums 
configured as shown in Figure 1. A more detailed description of the experimental 
package fielded on the end of each secondary hohlraum is shown in Figure 9 with 
parameters listed in Table 1. In this set of experiments, wire arrays and primary 
hohlraums were designed to produce approximately 105 and 130 eV in the primaries, 
which translates into 70 and 85 eV in the secondaries. With these drive conditions, 
pressures of 900kBars for shot 2259 and 1.5 Mbars for shot 2260 in the aluminum were 
expected. - 
The second two aluminum experiments (2270 and 2271) used a less conservative 
experimental approach where only two secondaries were used to measure the Hugoniot 
information. In this case, only one particle velocity and one shock velocity measurement 
were made. The third secondary was used in an attempt to experimentally quantify the 
effectiveness of a 6.4 micron Paralyne entrance covering in eliminating sample preheat 
with a direct viewing secondary. The primary and secondary arrangement, including a 
schematical representation of the experimental package on the end of each secondary, is 
shown in Figure 10. Measured values for shock velocity, particle velocity, and sample 
dimensions are given in Table 1 for each of the aluminum EOS demonstration shots. The 
value for particle velocity given is the peak of the wave, which is attenuating in all cases. 
When available, shock velocity values from the FOSBO, OBSBO, and peak pinch to 
shock arrival as measured by VISAR are listed for comparison. 
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FIGURE 9: A schematical representation of experiments on shots 2259 
and 2260 to acquire Hugoniot information for Type 11 00 aluminum. 
The first group was used for VISAR measurements, the next for 
FOS40, and the last for OBSBO. The smaller circles on the plates 
represent placements offiber optically coupled diagnostics. The 
dashed lines indicate the streaked image plane for the OBSBO 
system. 
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FIGURE 10: A schematical representation of experiments on shots 2270 
and 2271 to acquire Hugoniot information for Type I1 00 aluminum. 



Table 1 

SHOT 
NUMBER 

2259 

2260 

2270 

2271 

OBSO: Open E 

SECONDARY 

s1  
s 2  
s 3  
s1 

s 2  
s 3  
s 1  
s 2  
s 3  
s1 

s 3  
~ s 2  

am Shock Breakc 

SAMPLE 
THICKNESS 

THIN 
STEP/THICK 

STEP 
(MICRONS) 

1281229 
1331234 
134A 84 
1321233 

1341236 
15211 97 

144 
1221176 

143 
149 

1231178 
135 

t shock arrival diz 
FOSBO: Fiber Optic Shock Breakout shock arrival d 
* Approximate due to poor signal quality 

DIAGNOSTICS MEASURED MEASURED 
VALUE, VALUE, 

PARTICLE SHOCK 
VELOCITY VELOCITY 

( K M w  ( W S )  
2 VISARs 
OBSBO Us= 11.87 
FOSBO Us x 11.6* 

2 VISARs LiF, up = 5.1 Us = 11.52 

OBSBO Us= 11.78 
FOSBO Us= 11.72 
1 VISAR LiF, up = 7.58 
OBSBO Us = 15.04 
FOSBO d a  
1 VISAR LiF, up = 7.5 
OBSBO 
FOSBO n/a 

( O W  

Us = 14.47 

nostic 
yostic 

From the measured quantities for shock velocity (Us) and particle velocity (up), Hugoniot 
pressure can be calculated using the simplified relation [2]: 

Preliminary results are plotted in the pressure-particle velocity plane in Figure 1 1. As 
can be seen, results are in fair agreement with extrapolations into higher pressures using 
established Hugoniot results [3] from flat plate impact experiments. One factor 
responsible for differences is the attenuating nature of the wave, which is demonstrated 
by a typical measured wave profile for this series of experiments, also shown in Figure 
1 1. The effects of an attenuating wave are shock and peak particle velocities that change 
with propagation distance. Since the shock velocity measurement is averaged over some 
sample thickness, but the particle velocity is measured at a single surface, the two will 
not correspond when the wave is attenuating. The error bars shown in Figure 11 
incorporate inaccuracies in measurements of sample thickness, and errors associated with 
determination of shock arrival at a free surface. They do not include effects due to shock 
attenuation, glue bonds, or nonuniform waves. These are probably the dominant sources 
for error in the Hugoniot data points, but we currently have not estimated their effects. 
We hope to quanti@ the amount of error these sources represent in the near future. 
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FIGURE 11 : Preiiminaly Hugoniot resuits on Z for type I IO0 aluminum, 
and a representative shock front demonstrating the attenuating nature 
of the wave. 

A second demonstration series of two experiments was performed on single crystal 
beryllium using a primarylsecondary configuration similar to that shown in Figure 1. 
Wire array and hohlraum designs were identical to those for 2259 and 2260, which leads 
to similar temperatures impinging upon the ablator plates. The shock formed within each 
ablator plate propagated into the beryllium samples. The plate and beryllium sample 
configurations used are shown in Figure 12. Secondary S1 had two VISARs attached 
which gave two measurements of Hugoniot particle velocity, shock velocity based on 
first motion at each step hGight, and shock stability. Secondary S2 gave a measure of 
shock velocity and shock uniformity, while S 3  provided a measurement of shock velocity 
in both beryllium and a reference material (aluminum). From this arrangement, the 
Hugoniot state could be inferred from equation 1 using independent measurements of Us 
and up, or by the relative shock velocity approach using measurements of shock velocity 
fi-om S 3  and impedance matching given by: 

P, = PA 22L3 
z.4 +z, 

where PA and ZA are the pressure and impedance in the aluminum, and PB and ZB are the 
pressure and impedance in the beryllium. On 2284, both the open beam and fiber 
optically coupled measurements of shock velocity in the beryllium did not indicate a 
good shock arrival. It is not clear what caused the poor breakout signals, but the data 
were not used in calculating a Hugoniot point. Instead, the shock velocity was based on 



peak pinch timing and first motion observed with the VISAR. A good data set was 
recorded for shot 2285. Table 2 lists the measured parameters for each experiment. 
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FIGURE 12: HohIraum and sampIe arrangements used on shots 2284 
and z285 for beryllium EOS. The first group was used for VISAR 
measurements, the next for FOSBO, and the last for OBSBO. The 
smaIler circles on the plates represent placements offiber optically 
coupled diagnostics. The dashed lines indicate the streaked image 
pIane for the OBSBO system. 

Table 2 

SHOT SECONDARY SAMPLE DIAGNOSTIC MEASURED 

THIN PARTICLE 
STEPffHICK VELOCITY 

STEP 

NUMBER - THICKNESS VALUE, 

(MICRONS) ( W S )  
2284 s 1  Be, 87/223 2 VISARs LiF, up = 4.3 

s2 Be, 47/145 OBSBO 
s3 Be, 53/152 FOSBO 

Al, 56/153 
2285 s 1  Be, 91/216 2 VISARs LiF, up = 4.75 

LiF, up = 4.6 
s 2  Al, 117/176 OBSBO 
s3 Be, 50/147 FOSBO 

Al, 62/160 
* Ablator drive plates were Type 1100 aluminum, nominally 125 microns tl 
cases 

MEASURED 
VALUE, 
SHOCK 

VELOCITY 

( W S )  
Be, Us = 16.33 

poor signal 
Be, poor signal 
Al, Us = 12.42 
Be, U, = 15.25 

Al, Us = 14.75 
Al, Us = 13.4 

Be, Us = 15.02 
:k in all 



Figure 13 shows the results plotted in the P-up plane with curves generated fiom impact 
studies on sintered beryllium and extrapolated into higher pressure regimes also shown 
for comparison[4] . Since all the data was not obtained on 2284, only one Hugoniot 
point was established. On 2285, two points were established. The first exclusively used 
shock velocities fiom the FOSBO experiment. The second used shock velocities from 
VISAR measurements and the OBSBO diagnostic. The results show fair agreement at 
first glance, but do not survive a self-consistency check. When the data points obtained 
are shocked up to the LiF Hugoniot in the P-up plane, a particle velocity of approximately 
5.5 km/s should be recorded by the VISAR. Experimentally, the value was 
approximately 4.6 M s .  This is possibly due to the attenuating nature of the shock wave. 
As in the aluminum Hugoniot results, the error bars shown in Figure 13 do not include 
effects due to shock attenuation, glue bonds, or nonuniform waves. 
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FIGURE 13: Preliminary Hugoniot results on Z for single crystal beryllium, 
and the attenuating wave measured at the beryllium/lithiumJluoride 
interface. 

Summary 

In summary, techniques to determine shock velocity, Us, and time resolved particle 
velocity, up, in a material of interest due to ablatively driven shocks have been developed 
and demonstrated on the Sandia 2 pulsed radiation source. Shock velocity 
measurements, which record a decrease in reflected light from stepped samples upon 
shock arrival, can be made using either an open beam or fiber-optically coupled light 
transfer and collection system. The two approaches appear to have reasonable 
agreement. Time resolved particle velocity measurements are made with a fiber-optically 
coupled VISAR using a probe without a collecting lens, mounted in close proximity to 
either a window or free sample surface. 



These measurement techniques have been integrated into a “standard” equation of state 
experimental configuration on 2 which provides multiple, independent measurements of 
both shock and particle velocity for comparisons and consistency checks. This 
configuration has been used successfully to determine preliminary Hugoniot data in both 
type 1 100 aluminum, and single crystal beryllium. Results indicate fair agreement with 
extrapolations from impact generated curves when all measurements were obtained. 
Error bars on the data reflect only inaccuracies associated with measurements of sample 
thickness and times of shock arrival at sample surfaces. Errors due to attenuating, 
nonuniform shock fronts and glue bonds are not represented, but are felt to be dominant 
at this time. Efforts are underway to improve both the uniformity and temporal nature of 
the drive, as well as fabrication techniques to improve the EOS measurements. A more 
detailed discussion of each Hugoniot data set will be published when additional planned 
experiments have been completed. 
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