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Abstract

This paper deals with a coupled-mode analysis of parametric backward-wave interac-
tions in the time domain.

The parametric backward-wave interaction consists of two kinds of the wfB diagram.
In the first case, the interaction can be described by the coupled-mode theory between the
forward-traveling wave and the backward-traveling wave. The group and phase velocities
of the backward-traveling wave are in the same direction and the two coupled waves
have opposite group velocities. In the second case, the phase velocities of two coupled
waves are in the same direction, but they have opposite group velocities. The stimulated
Brillouin scattering of an intense laser beam, in which a forward acoustic wave and
a backward-traveling optical wave are produced, is given to be describable as a parametric
backwardwave interaction. This investigation was supported in part by a Research Grant
from the Japanese Educational Ministry, No. 85084 of 1971.
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Fig. 1. The wf diagram of parametric back- Fig. 2. The wf diagram of parametric
ward-traveling coupling. The group backward-wave coupling. The
and phase velocities of the mode phase velocities of the a; and
a; are in the z-direction and both ay; modes are in the z-direction,
velocities of the mode ay are in the but the group velocities of two
negative z-direction. modes are in opposite directions.
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Fig. 4. Power relations in the case in which 4;(0, £)=0
and a¥=A¥ exp(—jwt). (a) 48=0, (b) 48=K and
(c) power ratio vs. degree of asynchronism.

48 =F[+LFLpr=0 )
kLT
L7, BRMEH L HAIMORS S HICRERA Y T BN ERDE LI,
3. EBMNRTIILF-EEIGE
AEREE — ¥ ay 2SRV ZE MR O X 5 I = 5 4 ¥ — %5E83 8, & (4) © Manley-Rowe



70 o — 6

@B{H?%% Cll<2, t) é: a;‘(z, t} ‘/67}:\“?&&

1 d . ZA_ALLZ‘K z
— o e AP = = las(z, 1) (21)
Lieh, ERTELOQHBEA=FF —kRL, FLOARFILRERDE=F A+ -5

— 2 HACHEEIN D Z a2 FED T, Licdis THEAGFHRE cn & o &

s W
oy = —t ¢y (22)
W,

Eleh, TOOHNMERE—-FD2T 4 Yy 25T AEEESET ERD

() 1 -
fclz|z“%? > '4"“(—/]‘3)2 (23)
DB HFPERIE BB R
1
fcxzfz%j < ‘4"(-45)2 (24)

DL EOELER LY Tien OFER L —545Y,
4. = B #

ML e — FiEEHmO—6lE LT, EERORIEBTHRED T 2 b Yy 7 BEEFES
BELZ D, BB T 00—kt E L, Ry FEERHERN, - Fal ) 2 ERHE, 251
=~ F af(z, ) BB & 55, BHENORREF R OB Tz, ) L BERFEOER E(z,0)
%, E—VFVEFRRELZHWSETRER

Tz, t) =+ 27 L0,
(z,8) _m,l 111<2 ) } (25)

TERLERDL, CITLRBEAVE—-F VA, IVEBEEEL v~ XV ATHD

Zi=Aokn s |
S 26
Zzz‘/ ule . f 20

TREN D, &I 0 REE, ko TBERE, ¢ IIBHE, XL XFEETH D,
WEREERLEEEL, SRR (D) 2SR L, EE<2 P A DRENTEETH B,

FThbbMHEGO TR ABNETHDEL LD, WEFHIRORMCEIIE TN Toth b, #

RCBERBOERNETH S ETIE, To=v2Z Ay H TR (14 LR (15 75

K(L—: ;
Tz, t)= -C‘g%&'si[zz'z*) Ty eflort=pi2) ]
sin K(L—2) 0,7, \1/2 j (27)
; _ sin K(L—=z) 2z gt~ 8,2)
E1 cos KL 0( w2, > e

PELRD, O IT K=|eplHwjw) TH b,

SIS D FRHC DU THE A B B FE L D B B8, ESRIEITE Bk & 1
M A A v I L o T2 T 4 b U o 7 B BT B B DM BT R ST R L T B,
Thebb T 4 b Uy 28 S RTEF I NE Sh, £ O cos? KL i 50T
BREIE SRS, R REIWA TR L I 2 =0 12551 B tan® KL & oy T H G
THLOTEED LD, b KL=02n+1)7/2 TRSAMEK &7 D BB RIEY 45, ©
PEFET U AT VEEOEE S X CHIEL T B9,



7 A5 2 Yy 7 BAER A O R 71

5. #

it

TEEE & (LA E A E Ui & OPeAd, IS SOIHFNCHEL =0 DD <5 £ U » 7 il
fid & (Fig. 1 2), —HOWAREEE, MHEEE QTR UM ET, OB E & (4
WEOR ENEE OB OBEDAT 2 MYy 7 EBMEEE (Fig. 2 28) B UM
J5E— FPREAERZ LU D TE 2 e, B6 ek R & BHPN OTnES gl & S e 025 +
Doy 7 BIEBAEEWEAL, FET Y7 vEGLE X SRIET D Z L AVRE M,

BhDICANREOREDOE LS w52 T T E S5 LETFIFROAMCEETS £ &b, ER
BRPAWIIEEHE T S o RHAREMERBRC O D BILB L EFE 4, FfdimlL CFa-
ToFEARESRE, FEROBE )T X ke R A EH T 5,

2 £ X #

1) Tien, P. K.: “Parametric amplification and frequency mixing in propagating circuits”, J. Appl.
Phys., vol. 29, pp. 1347-1357, September 1958.

2) Hsu, H.: “Three-dimensional parametric interactions of waves and quasi-particles”, Proc. IRE,
vol. 50, pp. 1977-1978, September 1962.

3) Barnes, C. W.: “Conservative coupling between modes of propagation”, Proc. IEEE, vol. 52,
pp. 64-73, January 1964.

4) Chiao, R. Y., Townes, C. H., and Stoicheff, B. P.: “Stimulated Brillouin scattering and coherent
generation of intense hypersonic waves”, Phys. Rev. Lett., vol. 12, p. 592, May 1964.

5) Kroll, N. M.: “Excitation of hypersonic vibrations by means of photoelastic coupling of high-
intensity light waves to elestic waves”, J. Appl. Phys., vol. 36, pp. 34-43, January 1965.

6) Bobroff, D. L.: “Coupled-modes analysis of the phonon-photon parametric backward wave
oscillator”, J. Appl. Phys. vol. 36, pp. 1760-1769, May 1965.

7) Bloembergen, N.,: “Nonlinear Optics”, Benjamin, New York, 1965.

8) Louisell, W. H.: “Coupled mode and parametric electronics”, John Wiley and Sons, Inc., New
York, 1960.

9) Yariv, A.: “Quantum Electronics” John Wiley and Sons, Inc., New York, 1967.

10) Steele, M. C. and Vural, B.: “Wave Interactions in Solid State Plasma”, McGraw-Hill, New
York, 1969.



