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Table 1 Hugoniot parameters of related materialst>*

Materials 00/ (g/cm*) co/(km/s) A p/(GPa)

HR2 steel 7.890 4.58 1. 49 <190
Ta 16. 656 3.43 1.19 <222
Al 2.703 5. 35 1. 34 <108
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Fig. 1 Schematic diagram of the sample assembly Fig. 2 Schematic diagram of the velocity measurement
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Table 2 Experimental parameters

Shot h/(mm) Aty /(ns) Aty /(ns) Atz /(ns) Aty /(ns) At/ (ns)

LFO01 2.96040. 005 373.5 369.7 369. 3 369.9 370.642.0
LF02 2.95040. 005 381.6 381.9 380.5 380.1 381.040.9
LF03 2.92740.005 321.6 322.1 322.7 322.2 322.240.4
LF04 2.94040. 005 263.0 259.3 272.9 265.9 265.345.8

x3 XBER

Table 3 Experimental results

Shot w/(km/s) uy,/(km/s) D/(km/s) u,/(km/s) pu/(GPa) nu Au/(km/s)

LF01 2.74440.003 1.88540. 006 7.98740.045  2.3744£0.006 39.740.3 1.4208+£0.0017  0.48940.008
LEF02 2.73640.003 1.89540. 005 7.74340.022  2.3932£0.003 38.740.2 1.4216£0.0013  0.498=0. 006
LF03 4.19640.004  2.868£0.010  9.08440.064  3.661=E0.004 68.740.5 1.4317£0.0024  0.79340.011

LEF04 5.67240.006  4.243£0.041 11.08240.243  5.366=+£0.017 124.0£3.0 1.45594£0.0094  1.12340. 044
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Fig. 3 DPS output signal and its velocity history Fig.4 D-u, relationship of LiF single crystal

3.2 LIFERMESENHE
K545 T LIF i s e i R 5% B 2 ML R, MWK 5 0T LLE L LiF 550 & R 3T 58
5 2 A AE R I R 2R L XU B T 124 GPa W I Y 95 2 4. 280 g/ em® ) JE 35 FB1 A 9 4 3 4
P AT ML TS LA T R
ny =1.2706 +0.0427p p <124 GPa 4



574 = JiS L i 2% Eitd %28 %

3.3 LIF EAEEEE
Wise '™ Setchell™ 45 A RYBIFFE 45 R W], 1 11 38 BE 08 1 3005 L 92k 3 B 22 ) 39 2 4 B0 ek 0OC 3R
Au=ciup (5)
Koo BHEE B 6 4 T AR B SR Gy, ) XN Y 70 1538 BE 8 TE 30 (Aw) AT LU HH AR 52 5
505 Jensen' " RN T A AR N Y S 06 45 B ARAF 19— Btk 5 TS IR SR B R AN
Au=0.266 9uy ** u, << 4.24 km/s (6)
TGN G AR R B L R R LB RO 25 BE S I 0 P R R I R 1
R A IE T L SORL R 2 [] Y 8 Al O R AT DL G 4 1E 98 K0eR Bk R U0 S B AR O X Aw
5o, BREOCRIAT TAMERS G T R R AL M R B R AN

Au=0. 267 8u, u, < 4.24 km/s (D
1.48
1.2+

1.46¢ 1.0} Experimental data
»
S 7,=1.270 6+0.042 7 = Ref. [4]
R ! P Z 08F o Ref[19]
© E o This study
= 1.42 < 0.6
Q 3
£ . 3
5 | This study 04} Fitted line
140 Ref. [19] :

Ref. 4] — Linear fit
. 02 - E tial fi
1.38F Fitted line xponential it
2.5 3.0 3.5 4.0 4.5 0 05 1.0 1.5 20 25 3.0 3.5 4.0 45
Density/(g/cm?) u,/(km/s)
&5 LiF 5 p 3 i 56 5 % B8 1k C R K6 1550 nm KT LiF 5856 0@ ERBIELR
Fig. 5 LiF refractive index vs. density Fig. 6  Window correction of LiF single crystal at 1550 nm

g A (2) UM (7)) 2, T2 U B (w5 SR T3 (u,) B R R AT RN A
u :71 u
P 1.2678

FEARAG LiF & 10 A F i 20058 5 i (8) 2UM nl L3030 o BB A9 B0 Sk 1

5 B AR, B SS IR R R R L T 5 TR bk e A 1Y, (B G BB IE OC AR A RE I T TR A
AR R 10 o I A ST S SR YRS I R 0 5 S 00 R T A R T R SR B ) S 38 B0 4 A
RO T HEN S H IR,

4 4 &

A PSP M g ot 52 38 A0+ #8 MCEOR X v A BE BT A LA B8 Y g i 3 S5 3 0 78 10 3 38 1) 8
IR AT T S I AVERS A AT K BE 9 1550 nm PR T A SER R B 38 GPa #iJEE T 124 GPa,
T AT AT LAF B 0 e 3 R 2 AR A i 5 AR AU LA K LAF AL B B B I O R
2, ey P 45 52 560 b 1 0 B DPS 3 5 a4 T B R A

&

References:

[1] Barker L M, Hollenbach R E. Laser interferometer for measuring high velocities of any reflecting surface [J]. ]
Appl Phys,1972,43(11) : 4669-4675.

[2] Weng J,Tan H,Hu S.et al. New all-fiber velocimeter [ J]. Rev Sci Instrum,2005,76(9):093301.

[3] Weng J,Tan H, Wang X, et al. Optical-fiber interferometer for velocity measurements with picosecond resolution

[J]. Appl Phys Lett,2006,89(11):111101.



5% 5 AT A L LAE HA G B R TR T S 5 e v 1 48 IE 575

[4]

(5]

L6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Jensen B J.Holtkamp D B,Rigg P A,et al. Accuracy limits and window corrections for photon Doppler velocimetry
[J3.J Appl Phys,2007,101(1):013523.

Duffy T S, Ahrens T J. Compressional sound velocity, equation of state,and constitutive response of shock-compressed
magnesium oxide [J]. ] Geophys Res,1995,100(B1) :529-542.

Yu Y Y,Tan H,Hu J B.et al. Sound velocity measurements for shock-compressed 1.Y12 aluminum alloy by using
VISAR technique [J]. Chinese Journal of High Pressure Physics,2006,20(2):145-152, (in Chinese)

AR A B AR AR VISAR WA LY 12 76 o i JR 4 T 89 A [, 85 R 4 2 42 2006, 20 (2)
145-152.

Nguyen J H,Orlikowski D, Streitz F H,et al. Specifically prescribed dynamic thermodynamic paths and resolidifi-
cation experiments, UCRL-JRNL-201169 [R]. Livermore, USA: Lawrence Livermore National Laboratory,2003.
Hu J.Zhou X, Dai C,et al. Shock-induced bct-bee transition and melting of tin identified by sound velocity measure-
ments [J]. ] Appl Phys,2008,104(8) :083520.

Greeff C W,Rigg P A.Knudson M D,et al. Modeling dynamic phase transitions in Ti and Zr [J]. AIP Conf Proc,
2004,706:209-212.

Huang W B, Wen S G,Tan D W,et al. Experimental study on shock initiation process of JB-9014 under loading
conditions of divergent spherical shock wave [J]. Explosion and Shock Waves,2006,26(4) :373-376. (in Chinese)
SO, SCH NI 1R 2 8, S 7R BRI A vh T AR AR JB-9014 ME 2 phah BI R IE FR SR AR AY (). B AE S b,
2006,26(4) :373-376.

Li X M,YuY Y.Li Y H.et al. Elastic properties and refractive index of shocked Z-cut quartz [ J]. Acta Physica
Sinica,2010,59(4) :2691-2696. (in Chinese)

BEM AT B E R T Z-U0 A 3 s o R PR T SR (). A2 3R, 2010, 59 (4) £ 2691-
2696.

Hardesty D R. On the index of refraction of shock-compressed liquid nitromethane [J]. ] Appl Phys,1976,47(5):
1994-1998.

Wise J L, Chhabildas L. C. Laser interferometer measurements of refractive index in shock-compressed materials,
SAND-85-0310C [R]. Albuquerque, USA ; Sandia National Laboratories,1985.

Setchell R E. Refractive index of sapphire at 532 nm under shock compression and release [ J]. ] Appl Phys,2002,
91(5):2833-2841.

Ma Y.Li Z R.Hu S L,et al. LiF window corrections for VISAR [J]. Chinese Journal of High Pressure Physics,
2007,21(4) :397-400. (in Chinese)

B RS WIARE  IAE VISAR % 1/ LiF SR R 2B ER T LT & E% #2007, 21(4)
397-400.

Lal.one B M,Fat’yanov O V, Asay ] R,et al. Velocity correction and refractive index changes for [100] lithium flu-
oride optical windows under shock compression, recompression, and unloading [J]. ] Appl Phys, 2008, 103(9):
093505.

Alexander C S. Index of refraction of shock loaded soda-lime glass [J]. AIP Conf Proc,2009,1195:1431-1434.
Barker L M, Hollenbach R E. Shock-wave studies of PMMA, fused silica, and sapphire [J]. ] Appl Phys, 1970,
41(10) :4208-4226.

Li X M, Yu Y Y, Zhang L, et al. Elastic-plastic response of shocked (100) LiF and its window correction at
1550 nm wavelength [J]. Acta Physica Sinica,2012,61(15):156202. (in Chinese)

T AT T MRS (1000 LiF AR wh ik i A 1550 nm SR 96 D EUEBIE [T, 982 4. 2012,
61(15):156202.

Furnish M D, Chhabildas L. C,Reinhart W D. Time-resolved particle velocity measurements at impact velocities of
10 km/s [J]. Int ] Impact Eng,1999,23(1):261-270.

Zhou X M,Cao X X, Li J,et al. Shock-induced optical extinction in LiF and sapphire crystals and its significance in
the radiant temperature determination [J]. Journal of Atomic and Molecular Physics, 2012, 29 (3):481-486. (in
Chinese)



576 = JiS L i 2% Eihd o5 28 %

UL .4 R BRI 5 A o e TG RO AR S R s [T R TS TR,
2012,29(3) :481-486.

[22] Shi SC.Chen P S,Huang Y. Velocity measurement of magnet induced system for projectile [J]. Chinese Journal of
High Pressure Physics,1991,5(3) :205-214. (in Chinese)
il 1 R PR EE AR L BT R, R AL B SN I T 3 (0. R B AA AR, 1991,5(3) 1 205-214,

[23] Marsh S P. LASL Shock Hugoniot Data [ M. Berkeley, USA ;: University of California Press,1980.

Refractive Index of LiF Single Crystal at High Pressure
and Its Window Correction

ZHAO Wan-Guang,ZHOU Xian-Ming, LI Jia-Bo,ZENG Xiao-l.ong

(National Key Laboratory of Shock Wave and Detonation Physics ,
Institute o f Fluid Physics \CAEP ,Mianyang 621999 ,China)

Abstract ;: By using plate impact and laser interferometer techniques, the refractive index of shocked LiF
single crystal and its window correction at 1 550 nm wavelength were studied. The shock pressure in
the LiF sample ranges from 38 to 124 GPa. The present results extend the refractive indexes of LiF
single crystal at 1550 nm,and give a linear LiF window correction relation at 1550 nm below 124 GPa.
The results provide an important reference for data analysis of window-mounted DPS (Doppler pin
system) velocity measurement in shock experiment.

Key words: LiF ; Doppler pin system;refractive index; window correction
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