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— B F R RE R A 5 8 9 B R 4 #2325 (factorization method) FF+ | fE & F (raising
and lowering operators) #% & J8 T Schrodinger mTHEV EREBTF S ERTOHE R
MAu AP EREEREREROBINHRET HEFEE 0, W B3# - NAME
B.AFHEBNBRET O T ERN —EERN, BREH R RF LGP RTFHE
7 2 R, — M BB R ESRAR NS, FUREE —ET
HP.mbOhHHRTHRES —RERIFN, AR T REEM) 1 23K
Loy, B EE A ( Oy XTFR)FI K [0) B R 7 H(SU; XHR), BBREFEFRE— PR
HOAREH), AR FESHRBOIA BEF. CSHMRAETRAZXTHMERERTA. R
Botm=%&mREEERT O URA R T, FH 08 0% 5F 2 WA EE T35

2 HEAFBET

SHEAREERTS V(r) =4 Mo’ RT 10 i 8 47 CRAIRART) B
w1 d P

Hy = [_ 2M r ¢r2’+ng2+%Mw2’2}¢fE¢’ (1
IAAHBET, g MAFEERSEH, P LNERELES, &
¢=Xz(r—r)Ylm(6,go) 1=0,1,2, m=11-1,-,-1+1, -1, (2)
W oy (r)HERTHRATE(RALEL h=M=w=1):
D(Dy(r) = A(r) A =—2E, x(0) =0 (3)
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D(z)=%—m—‘;ll—r2. (4)
1L r e

EXRBTAHE | WET

A+(l)=%—l-:1+r, A_(l)=%+7l—r, (5)
B+(z)=(%—“;1—r, B_(l)=d%+%+r. (6)
B UEH, BT RE TR ER RN
A_(L+DA, (1) = D) + (21 +3), 7
A, (I-DA_ () =D+ (21 -1,
B_(1+1)B, (1) = D(1) - (21 + 3), ®)
B,(I1-1)B_(l) = D(1) - (21 -1).
FA T, (B)F(3)R, AAEEH
DDA (1 -D 1] = (A1 +2)A (1= 1) g1, (9a)
D(DIA_ (1+ 1) el = (Mg —2)A_ (T + 1) 341, (9b)
D(D[B: (1 =1)y-1] = (M1 —=2)B, (I = 1) 349, (10a)
D(DIB- (I + D) yu1] = (Aer +2)B_ (L + 1) yp41- (10b)

H(9a)RATEH, I & DU -DMRER, RIEMEHD 4-, W AL (1-1) -1 D)
HIARIER, RAEEA A+ 2, AHNEBEB(ZRG) ) REER D L. ARET A, K1E
AREETSNAZNE 1M1, AERERAD 1.

R, AOD)ATEH, ET A NERARMEAZIE LR/ L, RANERESM 1.2
B3, M (10)XFTFH W, B, (B-)E T HI1E R4 A 3h &3 0 R/ ) 1, R B &t 4 in
(BAML. A TEWHERTET AN B KXMER, Agteisach

Ac(—-AGt N =2 1l

) (1)
AL(D—~AGQY, N =Ll
B, (1)~ BUA, Nty = £

L (12)
B. (1) > BUV,NV) =+ "+~

AP NAGICERENETH (AW FE, E=N+3/2, N=1+2a,(n,=0,1,2, - ) AN
FRENTAR(REEE r=0 r=c f)].
WRET ANBMNYERX, TUMEEBAFHERET CAND(RE D). #HL),
(12), (3)F1(4) =, 7T LAIF B3
AL+ DV, NA)BULA,NA) = D(1) —2r &

2 _
dr+2r 1,

(13)

B((L+1)V,NV)A(LA,NvV) = D(l)+2r%+2r2+1.
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A3)RXWRERESIL N)EH, B

AL+ DV NDBUA N LN =—2(rd 24 N+2) 1N,
' (14)
B((l+ 1DV, NV)A(IA,NV) | I, N) =2(r%+ rZ—N—1)| IL,N).
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A(L+1)4,N4)
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A(I4,NY)
C(I,NY V)

. B{I+1¥.NY¥)

0 1 1+1
N =0 1 2 3 4 5 6
(b)
(a)
D(iV V,N)
B(I4,NV) ; : A((I+1)¥,NY¥) -
— A((l—1)¢,N+).> ZB(H,NH
D1t 4,N)
-2 -1
4 I+1 [+2
(c)
A1

Wik A, BETHOERE,ET A(I+D) YV, NY)BOA, NAKEREME N(BRE)
W2, 8 AT MET B(L+D) ¥V, NV)YAQA, NV )RME N @2, BRF LA,
XERBH TR BEET.

C(IL,NAA) = r%—r2+(N+2),

) (15)
C(I,NV V) = r@+ r2—(N+1).
& {0l #b W] DL AIE B
AL-1)4, N1 BV, Ny) = D(p) + 22=1 4, 1QL-1)
r dr r (16)

A(I+1)4,NV)B(14,N}) = D(l)_21:3d%+(l+1)r(221+3)_
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ACL=DV NDBUVLND LN = @i-D[E S+ L -2
AL+ DY NOBUA N LN == @3 [F - P 2P N
(17)

RBHET A BIWEEL, A((I-DV,NA)BUV,NV)NIERAREAZE I @A
2, BRFEFREAZ, W AL+ A, NV)BUA  NVOKEHEEASE L 02, A
RIEFREAZ. ik, IR H SN —KA BET D,

DLy 4N =

D(LA 4, N) = |

1d
r dr
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RERKRE T =ZFFRREERTHONEAS EET A, B, C M D.EIIHNKEHF
MM EETHINTERL
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BRET i n; N=1+2n, FIEETH
A<l¢)N'L) —1+1 nr—>nr_1 N—->N-1
I+ n,=N-n,
ALY, NV ~1-1 n>n+1 N—->N+1
B(14,NM) —1+1 R N—>-N+1
R
B(l},N{) —-i1-1 n>n, N—>N-1
C(L, N+ 1) -1 > nt 1 N—>N+2 .
C(L, NV ) 1 n—>n,—1 N—>N-2
DA A, N) —=1+2 n—~n -1 N—N N
DY ¥, N) 1—~1-2 n—n+1 N—>N :

PLZIR B, IR 20772 (3) &R B SRR R, TSR E T

CHDKFRRR(S) M) (L),

ZRAET AQA , NV)OKER, T », KIRMEAT(RHZ), TUE S (RE 1M

®1)

A(lT’N¢)Xl,n!=0 =
2R n,=0 KFTH RN R

Y10 ~ rl+1

d 1+1

HA(I+D Y, NMHMAHREE, FHTRK, B
(D) + 2L+ 3)]y0 = [Xo+ 21+ 3)]y0=0,

FEU\ }\l,0= _(2l+3), ED

El, "r=0 = l + 3/2

X E=N+3/2 FHREN (2, =0, N=D(LHF).
M oyo(1=1,2, - )H R, KEAH ALV, N+), A((L-1)y,N4), - EH, 78
Yi-1,1> Xi-2,20 "> X0, ¢ X HFF BN A 3Kt BT 75 42 1] % oR 4K

ar = + ry,o(r) =0. (19)
- 1 20,1,2, . (20)
1=0,1,2, . (21)
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HRAE A2 (3) HUMRTE r—0 A r— o0 MUBTIEAT 0, L7 (1) = 1™ 720 (), ulr)i 2

(R TS SRS YR S P} (A1)
4 g=r2, LR ERB LA T E
2
j—s'2‘+ [l+3/2—E]i_’g—%[)\l+2l+3]u=0. (A2)
W y(0)=0 iR, TREEWBNLARE Fla, 7, ), Kh
ez T(ut2043), v= 1432 (A3)
FREF, BER FEHAI —AEZHX,WEX o= - n(2,=0,1,2, ). HHBH E=(1+2a,)+3/2, 2 H
E=Ex=N+3/2 N=1+2n=0,1,2,-. (A4)
MM AIE R (RR) R
2
Xl‘nr< r) ~ e " RRE(— a1+ 3/2, ). (A5)

R B R (N), FIHEEY fu=(N+1D(N+2)/2.
GEESTEYRES SR E 23 S5 Sl

(1) 2F(a, 7, 2) = “F(at 1,7+ 1,2),
x v

2 (v-— a)F(a-1,7,2) — aF(a+1,7,2) = (v -2a—- z)F(a, 7, z),

@7y =D F(a,7-1L,2)+ (v~ )aF(a,7+1,2) = ¥(y -1+ 2)F(a, 7, z),

B)yF(a—1,7,2)+ xF(a, v+ 1,2) = YF(a, 7, ),

Y Yy-DF(a,7-1L,2) - aF(a+1,7,2) =(v- a-1)F(a, 7, z),

(6)(v— a)aF(a, v+ 1,2)+ a¥F(a+ 1,7, 2) = v(a+ z)F(a, 7, x),

My -DF(a,y-1L,z) ~(y-a)F(la—-1,7,2) = (a—1+ 2)F(a, 7, z),
TTRHTFHEHERR:

(8)YF(a+1,7,2) — 2F(a+ 1,7+ 1,2) = vF(a, 7, x),

D(ry-a)F(a=-1,7,2)- caF(a+1, v+ 1,2) = ¥(v-a=- 2)F(a, ¥, ),

(10)(v - a)F(a, 7+ 1,2) + aF(a+ 1,7+ 1,2) = ¥F(a, 7, 2),

A7y -DF(a,v-1,2) - axF(a+ 1,7+ 1, 2) = ¥(7y —1)F(a, 7, z).
) F 3% 2 4 2 AT LAE B

|:2a+ 1£:|F(a, v, 2%) = 20F(a+ 1,7, ), (A6)
[2(7—a—x2)+xﬁ}l‘“(a,%zz)=2(Y—a)F(a—1,7,12), (AT)
_ 20 1 d 2y _ 2e(y—a) 2 2

I: Y + - dx:|F(a,7,x)— 7/2(7/"_1).%F(a+1,)/+2,:t), (A8)
[20r-0 - 20Dy o Loy, = 20y - DFGa- 1,7 2,0, (49

B (A6)— (AR AT T HE T C A D KRFR(15)H(18).
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ABSTRACT

Using the factorization method, four kinds of raising and lowering operators of a three-

dimensional isotropic harmonic oscillator were derived and the corresponding selection rules

and conserved quantum numbers were discussed.
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