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Fig. 2 Probability flow diagram in three dimensions for the three-mode laser

& AT li&j'ﬁ?%*‘ﬁ“éﬁﬁ

TR, RITES THRATRWE KM TIERE, B 40, XEEESEEE
BORE I, SO R L A, R R AR HOR R R A R v, R T 2 SRR
B (11) KB~

* RAR—PRYBRETE TERN—FITHEERER,




202 X 2 # # 4%

Blx) = 33 Py, na, m) = = Ao+ 1) [1 =22 (1) =

2,78

LGt D [p ()

+A1n1[1-% nl—‘gg% (Ret1) Jpny —1) — Cinyp (ny)+ 03 (ng+ 1)p (ny +1),

(12)
b ng R ¢ BT EDE TR, (DRXWERSENSA, BT @EENREARRL 0D
mAl  SRJLEBH, SRV E—4ELEREER, ME S iR, B

1 4 | 3k 25 B BE Rom (12) 206 S 7 8.
; , = R A AR ECTA A, SR AR SO (4, 6] AR A B B, SR
3 m—1 P (L2) S 5 7 A R A A
M3 R )=t 1 2t1-2r- 3 B a3
Fig. 3 Probability
flow diagraram in g—ll—[i~5§3—§-’} @HLD:] =1, (14)

one dimension

M (L) VTR, [0 2 2 T 328 2 (0 S 50 10 80 T 4 75, 4R % 1
e, 8 14 BARRE & 4N

it (15)

WAME AT RRE RS SR (A/0)F X, THHE FHERMRMRER L, HRE MK
HHE, |
M (A3) SRR 3 A WA L o] JLIE T3 g, B

1 B;
n1p=—B—1 {Ai [1_"322-3_:4_{(“':_}—1)_ 01} o (16)

AR, AT I T JL T MR 2 I S B DR T 0 (A 4 ) , 243 B BUR AP

W, A R RAE
(M1p) max= (A1~ C1) /By, amn

(15) 71 (17) ¥y B T 3308 7 4y 45 3R,
BAELL T HEL, WM MBS TE T BEF RIS R, (18) REZHGER
WHEDETBILE ST, 7E(18) R 4 By=DBs=0 1B HEEH N % FHILRS A

Sy A (g By
ps(n:l.) =N 1[—[] ‘(—J‘; (1“11 Z>g (18)
& By=0, 13RBLERE I G T HOILER LA
Pa(ng) = A" g %[ﬂ.—%l——% (E2+1>]o (19)

BRI TRFHEN, XBLHT A3), A8)MAD AT REMN LTI HF ML, FHEiTIE
B omE 4 HE D Fin, BAEHS%. 41=1.2, C1=1.0, B;=0.00075, By/A3=0.001,
B/ A3 =0.0006) 7R BIH L) EH 5046 2R, B REBER W N mA B s, e mEMTE
TP AR, HHEBENSY, 4,~1.0, C;=1.0, B,=0.00075, By/A4,=0.0005,
By/ Ay =0.00067) FRIPE LT HSHIML, BR, SeF5 5475 B LR (0 8 T 2 bE Hi A
FTE, Bz, AREME ERBEMAUT, SmE k08NS T S 808 F B R JLERD,
SeFH/MGJLEER, BERRT, XERBRTHES,



3 % W TR R T 203

0.06
0.015 k- 0.05
C 0.04
0.010 |
B Pnlnl
9.03
Patnt
0.005
0.02
\ 0.01
0 100 200 300 400
n
0.00;
20 40 60 80 100 120
71
B4 B FEILRBNIETHRXABE B5 H1ETFHILRAIEFERMXREE
Fig. 4 Graphs of photon number probabilities  Fig. 5 Graphs of photon number probabilities
versus photon number for model ‘ versus photon number for model

w EHAFR AR XS A DAL R TE

XBEOH TR IR (B ru=0) BIE 0L, RATANE, Bid5 B % EEM R IR
FATC P na Bl 0] 3 2 0 38 2 48K 0 VRISV 3% M B I ) 3 28 oy B AT, kT
Fourier 25, MIATRIBHE ¢ BILRTE, ASCOILIBLL o4, % (10) RIEFE THHE LR IEN £
T

annn1+i=—{A1(n1+%)[l_%( > :éz E{n, +-1):|

+% Bi*ol(m-‘-%—)}iom.nﬁﬁ‘ﬁi [ﬂl(ﬂl‘f‘l)]%[ ﬁi( 7+ % )

3

4 - _\ 1‘
3 % (1) pn-t,m el (1 +1) (n242) 1% pnyi1, ma

i=

{[Jaf Bn+S )](n1+-3—)+1Blmc'l(nﬁi)}pm,mu
[

4o — B (’n1+ ):l En1<ﬂ1+l>] Pra-1, n;+01[(n1+1> (n1+2>1 Prti,m+a,

(20)
S BT I, 964 o~ A[1- 3 DD | BTRAEIERR o >/, B>

B, n—>n Fl C1>2/Q, (20)*41%'33(?%[1]292 B (A0 REL&MEY, X, BB R
¥l T BME L B, RATAPR A SO A 2R SR, REZMEHTHELHR
b
B RBE—T (— 2/8)” AR, [ (/)




204 | ¥ % 2 B 4%

3 s
1w B ARG @]
2

2 Ny

(21)

HheRAT AR, B, BB 3 FFERN, NCLREHGE 1R 2) B TR 1
WL T A

Ba
Al 1= (ng+1)
.Dgﬁ Bl 1[ A2 2 } (22)

2 ai-Br@rn|-o

3, BAAEIE 45 T AL 1 YR 3E

D=5 Ay — € 23)

X 08 B SCHR (1, 5] o, {1 IR RALE R IR 55 R

AHEF W, % A; FER, H Dy<Da<D;, WREVESMZ MBI AT, X
R T ZEBH THEEEREWR A, SFEEHNEREERR, BTIHEICERES
Hin e LRGSR, I LR A4 36 A R E R S MBRE R AR AR A, X R TR
PE2R FE 8 BE, B8 POk n B A T 25

i, &’

BT ERNOER BB, ERERMT, X TRIMMREARERS BEERNT 7R
M, XA FREEHETY NED, AEEREAFR Aol &, RATH LI W EEE R &
RO B T ARB E5E, X — AT NE 4 FIE 5 HBE . 5h, WEERFF RN Mo
&, BRRREIHATHN, RO X —KNA— AR E Bk,

HTFRAT MR, SRR EN R THOMA AR B S &, RITREMIGEM, 1
—ERE LR SRR TR SN SR X (8] MET=EMBOLH IR
B, AXHZKBHEK. ETRGWHL, oS0 EEHAE3 T REHERR, LT
X — [ R 5 SCIR

ARFEAHRAERMERTR, FEEFEREE R,
% X W

[17 M.Rargent, M. O. Scully, W. E. Lamb; «Laser Physics» (Addison-Wesley, 1974), Chap. 16~17,
[ 2] §.Bingh, M. 8. Zubairy; Phys. Rev. (4), 1980, 21, No. 1 (Jan), 281,

[3] 438 LRy, 1982, 2, No. 4 (Jul), 289.

[47 43435, #Kk#&; Phys. Bev. (4), 1982, 25, No. 6 (Jun), 3196.

[5] M.O.Scully, W. E. Lamb; Phys. Rev., 1967, 159, No. 2, 208,

[6] 43§35%,: Phys. Rev. (4), 1982, 26, No. 4, 2266.

{71 K.J.MecNeil, D. P, Walls; J. Phys. (4), 1975, 8, No. 1, 104,

[8] K. Otsuka; IEEE J. Q. E., 1978, QE-14, No. 12 (Dec), 1007.



3 BOC=BRER R T 40T 205

The quantum statistics of three-transition in the laser

L1 X1AOSHEN
(Department of Physics, Jiangzi Teachers College, Nanchang)

(Received 28 May 1983, revised 8 Beptember 1983)

Abstract

The radiation density operator theory and perturbation method are used to obtain
the master equation of the three-mode laser operation in a homogeneously broadened
medium consisting of four-level atoms by means of a generalizasion of the Lamb fully
quantum-mechanical theory. Meanwhile diagrams of probability flow are drawn. By
considering and reasonablly understanding the principle of detailed balance, the equa-
tions of motion in steady statos are obtained. The operation characteristics and the
guantum-statistical properties of the lager under different conditions are discussed.
Especially the caloulations of the photon number distributions are carried out numeri-
cally, so that the results are given in detail and the comparison is easily carried out.
Furthermore, by taking into account the equation of motion for the off-diagonal
elements of the radiation density operator, the laser line-widths in different cases of
single-mode, two-mode and three-mode are given and compared.
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