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(a) In Cartesian Fip =

yip,
where pi is the momentum operation in the ith direction
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(c) False - The electron is pointlike
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②
147=0-111> + ble o> + Cle - 1)PG④

(a) 4=111++121 -
1×147=1-2414> + EL -147
Need to calculate L± 11m >

1+1117=0 1+110> =J2khD 4-11-17%41107
L
- 1117=[2411071-110]--52411-17 1-11-17=0

Therefore

1×147=124101107*6111> + ble - 1) + cho))

1×147=1-4 [but > +4+41107+611-17]
We want 1×147--1<147 wilt 1<=0
This gives b=o and a- - c

⇒ 147=1%11117-11-17)



(b)The other eigenstates are obtained P%④
by soloing Ka -- Kc = b and Kb = a -1C

k@_ + c) = 2b µhYyIydmP@(atc) = Kb
↳ k = ± V2 common factors

Therefore the other two states , up to a
normalization constant ore

14> = 11 1) ± V2 11 07 + 11 -17

You can verify that these states are orthogonal
to ¥1m> - ¥11 -D -

The normalized statin 147--1-2111^71=821107+4 -D)
Then

1×147 =¥[Fall 07-1-211171=211-17+521107]

1×147--1=4 IN >



③KtImy-Erfradiolequoton.l-oV-opouge@I-mfr.I:(r¥µ=Ex
¥m[E¥+Ed¥r]=E" 41

Try F- e÷Y &¥=ikY - fit (2)
&¥=ikd¥r - FEE + fit

III. = - bit -
'

¥4 - ¥4 +fit +fit

II. = - bit -2¥✗ + fit (3)

Putting equations (2) and into (1)

-¥m[-ñ4 -2M¥ +2¥ +2k¥ -2¥]=E4



KEY"Y=EY k=±F¥ pog④
(b) 4-A-qikr-B-e-ikr.rs/=Acoskr+iAsinkrtBcoskr-iBsink.
414=-4+1 )coskr+i(A sinkr
Hcr)=§coskr+¥smkr (=A+BD= :(A-B)
In order to keep Ur) finite otr-o.co

Mr)= Dsinrkr
Wont the)=o ⇒ ka=nI In -112,3 . .
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④ ↳ = I 14 + 1.)
po⑧

2<4> = Lem I ↳ Km) = Lem 141em> + <em 1L- lend
4×3 = G- < em tennis + C- <em Ie m -D

By the orthogonality of the states
LL✗7=0

(b) LI = ¥ 1L + + L -11L + + L - )
LLI > = ¥ Lem 1 L - L +1 em> + f- Lem 1L - 4- /em)
(because Cem I L± 4- 1 em> = 0
Then

> =¥fele+i)-mlmI < em IL - Il m +17thaileemmikemk + /em -D

CLI > =ÑqVecei-n-m.cm#Fei-i)-Cm+Tm--nLemlen)thIrele-D-m-m-V¥ÉmT+n Lenten



since cemlem > =L page①
LLI > = ,¥[ell -11 ) -mlm-iil-lll-D-mlm-DL.LI> =-¥[zele+i ) -2mi]

a⇒=¥ti[elem) -my


