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Department of Physics, National Taiwan Normal University

Quantum Mechanics Homework 2 4/25/2017

. For a system of two particles with the angular momentum j = 1, respectively,

work out the couplings of the total angular momenta explictly by finding out the
coupling states and the corresponding Clebsch-Gordan coefficients starting from

applying the total lowing operator J_ on the highest state |2,2) = |1,1;1,1).

. If two electrons carry the orbital angular momentum 2%/ and h, respectively, and

in the state |l b; Im) = |2,1;2,0). If the measurement of L,, is made in this

state, What values may be found and with what probabilities?

If a hydrogen atom in at D-state with j = 3/2,m; = —1/2, what is the probability

of finding its electron with the spin pointing upward?

Consider two nonidentical spin s = 1/2 particles with Hamiltonian

& € & & €o 4 A
H = ?(Sl + 82)2 + ?(Slz + S22)2,

where ¢, is a constant having the dimensions of energy. Find the energy levels

and their degeneracies.

. Consider a quantum system with just three independent states. The Hamiltonian,

in matrix form, is

2 —¢ 0
H=V;le 1 0 g
0 0 3+c¢

where V, is a constant and ¢ is some small number (¢ < 1).

(a) Write down the unpeturbated and peturbated Hamiltonian.

(b) Find the 2nd order corrected energies and 1st order corrected wave functions
for H by peturbation theory.

(c) Solve for the exact eigenvalues of H. Expand each of them as a power series in

¢, up to second order.
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=)y E(A)=gg+g A+ey A2+t g, A"+ (9.8)

RSN |0 (4)) NIl 4 22 RIVRR (FERERBD RXWA

|¢(ﬂ)>=|0>+ﬂ.|1>+12I2>+---+Z,"In>+--- (9:9)

(EXNRMIBIERPE—RE) HP & .5 ,.8, ,RI0),I1),-,In)
BIRINPIFT2ER LR » B30 9.8) » ONNANONE

(Ho+AV)(10)+ A11)+ A2 12) + )

=(gg+ A+ &A% +.)(10)+ A1)+ A% 12y +-) (9.10)

HEFRME 1 SR ZFRE  IE

2 2% Hyl0)=4g,10) (9.11)

A 2ERE Hol1)+V10Y=gy 1)+ 10) (9.12)
=11

(Hy—€5)11)+(V -£)10)=0 (9.13)

A% 21FRE Hol2Y+V 11y=¢g512)+& 1)+ 10) (9.14)
=11

(Ho—g9) 12)+(V —& ) 11)—&510y=0 (9.15)

EBKEBRE (1)) BEBHRB—LEHE
(p(AD)1p(A))=1 (9.16)
BIfEZRSE 2° ZHREMS



250 - B3I NSER

(010)=1 (9.17)

B A CREmS

(p(D)lp4))=1
= ((O1+AID10Y+ AN+ A2 U E2ERIB (21 0(A))

=010+ A({110)+¢011))+0 (1?) (9.18)
)
(110Y+(011)=0 (9.19)
F5]
(0I1)y=F# =(110) (9.20)

EBTN(9-19)82(9.20) - FTIL

(110)=0=(0I1) (9.21)

B2 W oiRE A2 ZIREIMmS
(p(D) @A) =1
=(CO1+ACLI+A22D) (10Y+ A1y + A2 12))+0(1 )
=(010)+ A({O11)+(110))+ A2 ((1I1)+(210)+{012))+0 (1%) (9.22)

KK
(01p(A))=F#=(010)+2(011)+2%(012) (9.23)
Y
(012)=F#=(210) (9.24)
BBE(9.21)F0(9.22)%0
(111)+¢210)+(012)=0 (9.25)

B9.24) » AT
(111)=-2(012) g <0|2>:<2|0>:—%<111> (9.26)
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0.2 HER{CIKRENHIE
®H, MEFHE EL RSBCKRE A HBEYELREREE B—1
l(pn> » B[]
Hol@y)=E) | @y) (9.27)

RE A0 0
H)@A)=Hylo(A=0))=Hy10)
=E()|9(A))=E,) lp(2=0))=E, 10) (9.28)

BTAP IO D) - B
g0=E,) . [0)=|g,) (9.29)

HPABRET  HEIKEG EA) 2—RE_RIBEIE B ¢ £
& ' DIR 1p(d)) 2—#RIZSIEIB » BIARRE 11) o

—) —&MFIE OKISEER ¢ HIREI1) Z2F0)
(1) Hﬁ_Q(9 13)}“'@/?—. |¢n >_t ’ ?%‘

(@ |Hg—8911)+{ ¢, |V —-£10)=0 (9.30)
B9 11— £0( @y 1)+ (9, [V [0)- £ (9, 10)=0  (9.31)

B O29R0.31) 18
& =@, 1V 10)=(pp |V |@y) (9.32)

FLL » BEEIBIER

E,(A)=¢&y+ g, + O =EL + 2@, [V |p,)+0(A*)  (9.33)
=17

E,=E9+H! (—8HBE) (9.34)

LbER Hyy, ={ @y, ‘H | @y ) =Py |}“V‘¢n ) (9.35)

HERASRIGIREENAER B, 2—RIBE R REHEMEER
H' EASTBRIZREE |¢,) E2FIHEMS -
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2) BROIIBERT 19, ) DINIFTE lo,) £ (0 RBRILIER)

=
(pp|(Hy— )11y + (@, (7 —)1@,)=0  (HP pzn)
(Ef —EX Y @p )+ (@ 1V g, )~ & {@p19,)=0 (9.36)

EBIV(9.5)ERRERfR » 8

i 1 i1

<rpp|1>:m<¢pwl¢n> (9.37)
»—HE B8

(@, 11)=(011)=0 (9.38)

REERERIVO.5HA0 : ;

4
I1)= Zzl¢p><¢pll>—I¢n><¢,;ll>+ S Slgp ) pp 1)
pi pEn i
(P W lg,) .

AL LA I (9.39)

pzni E, _E19
|0,(2))=10)+2|1)+0(£)
( n>
= |on) +lz Z (0p _quo

pP#n i n P

@y)+0(A%)  (9.40)

&
(0) H}m i(0) _
P 2 0 % (—8&MBIiE) (9.41)
E)" —-E
L ER Hp=(pp|H'|@n) T (@p|H'l@y) (9.42)

P e REZIBEP2DFERA B H' ¥ 9,) £ |p,)
CRASMEOERRR  EASER) B E) & E) 2Me%k



