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Abstract The interaction of laser with solid target material can produce plasma called laser-induced plasma. The
counteracting force is generated by the expending of laser-induced plasma. That is the foundation of laser
propulsion. The measurement of impulse acting on the targets is very important for the impulse imparting from laser
beam to target. A new method is presented by combining pendulum with light-electric tachometer, which is adopted
in the experiment for measuring the impulse coupling between laser induced plasma and aluminum target.
Considering the structure of measurement equipment and the theory of fluid mechanics, the kinetic equation of the
pendulum including air damping term is founded, and target impulse is obtained by using the kinetic equation and the
measured pendulum angular velocity. The comparison between experimental results and theoretical results testifies
that the difference of the period of the pendulum between experimental measurement and kinetic equation is less than
0.5%. The experimental operation is simple and the experimental accuracy is high.

Key words laser technique; interaction between laser and material; laser-induced plasma; impulse coupling;

damped pendulum

%5 B HA :2006-06-19; IR BB S B #:2006-10-30

ESWE :BRXARPLEEE (60578015,60208004) , 1 4 mi 2 £ (20050288025) 1 U FH ¥ i 42 1L 75 7 4F U K oy 3 Rl ¢
BmA .

EEBE N HERE (1963—), L, LARPIRA . LR A, FENFFELRKERFRBESY FRAHEERITEHRFR.
E-mail : yangyn(@nuaa. edu. cn

S UF @A ARBER (1955—), B LR AL LA S0, By EENE WL 5 Y BrE & /E LS5 0 8oR 5 m R BT 5T .
E-mail : nxw@mail. njust. edu. cn GE{SEE & A)



418 H 5|

i b 34 %

1 5 5

SRFOL S B A HEAH B AR R A, WOL X EE A B R
PiVE R AT (R SR SR T B ) B AR L R AL, AL RV
Yy o B B8 2% THD MEHOE A B B8 SR ik — 20 IROIBO G RE &
PR BT B B TR X, % I RS TR ik
B B B Ot X B R B2 B (Laser supported
combustion wave, LSCW) B, # % 3 1) 1B &
(Laser supported detonation wave, LSDW) X # &
hEERANY, B A EOLEE TR RS —F
BRI IR . WEAFEL T MK G E
AR/ B TR 9T 55 B 4 2 ik X 3 o 2 1% 338 Y
R, IR FIBOE S & R AF o ek 3h 71 IR A4
KERBAZEMNE.

TE WG ¥ B AR F T 7 A B b B I B O
Hr, SCHRLS 14 48 19 07 ¥5 SE e % SRR 2 A0 A E
R R R R S5 H , 1R B IR R G AT bR e DA
Fra R s g P A A E R, CiRL6 4
BT T EAEHN BK TR BiBZs ik 5908
MBEERE B HIZE I AR ZX BT & AT
KM E . SCERL7, 814 A iy Jr sk B a7 B8, ik
K BB T /K 1) iz 3l BE & A . A s
BERANEST RSB TR AN M k.S
HoA T EE AR L, 7 VR 5 0 TR B, X /0N e B A T Bk
FEARXT B . SCHRL9~16 1R AU B ¥ 3 B &k
PR DT R, i THEEI SR RBINMLES
ANBEER I, T A2 S T [ 42, 3 A HE 128 W B Y D) 2 2
BRANESR, B MIIRE K W 250 1 3 /Y
JiER, B TR B AE NI 454 , SRR EEE L
3 [ 2 B 3 Bl 7 22 e R B T $E R 4 Y 0 s i
FARFZE , RE, BT RTS8 F Xt 3
MAERREYSE. B F e E—-ERER
3l , 20 1 R R 1R B I B B S VE R L T R
M) 38 v 2 DU B O A AR T

B X 2 it TR TE J A 55 B 1 0 B o B A% 1 Y
B ASCRE T —MR AN REE)E
32 2y FE I & O s, SR AR ) e, /B T
ZRRESERW T EZ TR, R AL IR
BAEE, B3 TAFRBOCREERILT S5
FAEXT R &,

2 SCIG AR E R & R P
2.1 LBEE
SEEEEEME 1 . Nd: YAG #0628 %

PR AL. 06 pm, Jk L4 15 ns B WOLIR L id LB
10.5 emBYRABES 4 RAEESL 17 £, 24K 18
19 AHXTERRL 17 M5 R E T B . MEERLH
SREER 4 ZENMOLE 2 H DMy #OLL
PIN St 8 5 Fe i AR A 87 BiAs 8 B & 15 5 5
GrotER 3 AT S MM EIRE BT 7 T S Ak AR
MBIk BE R . HeNe #O64 16 & H 9%
AW 15 MRBES 14,0 4% 12 G RELEH
22 13 b, #2271 HeNe BOEHR T 2P, ok
IR 10 AR AIBOLES. H QJF K Nd:
YAG BOGAS & B BOL bk s Ve TR 30, S5 T
PRI M ™ A B S 0K SR B A B A A B O R
WB T2 B BOL(E 5, SR P K [0 27 4 7
B, T A022 13 2Bk A BOE R Ot Ik
BB K He-Ne BOWGHM K A4, B 2 B
™ N Bk RS B AL
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2.3: spliters photoelectric detector

4,11,14: converget lens 12: screen

5,10: photoelectric detector  13:pin prober

6: detector 15:attenuator

7: display 16: He-Ne laser

8: digital oscilloscope 17: aluminum target
18,19: light strings
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Fig.1 Expeimental setup
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Fig. 2 Changing of He-Ne laser intensity on
oscilloscope fended by pin prober
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Fig. 3 Schematic diagram of the target swings
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Table 1 Comparison between experimental and theoretic results of the swinging period

Power density of laser /(W /cm?) 3.65X10° 2.99X10° 1.41X10°

h/s 0.495 0.498 0.497

& /s 1. 000 1. 004 1. 005

T, =2 —t) /s 1.010 1.012 1.016
Experimental result t /s 0. 49131 0.49270 0. 48830
L /s 0. 49870 0.50331 0.50570
A =1y —1th /s 0. 00739 0.01061 0. 01740

0], 0.313 0.218 0.133

Theoretic result T. = 2n/w: /s 1.014 1.014 1.014

Relative error of T. /% 0. 40 0. 20 0. 40
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