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QM B3

L, |6,m)=nJ(t+m+1)(L—m)|¢,m+1)
L_|£,m)=nJ(£+m) (¢ —m+1)|£,m—1)

ANSWERS
Part a.
2 2 2 2 2 3 2 4 2
=>lc, | == +|A| +|{3 =|4] +==1 Al = ==—F
i) = 3k =Haf 17 T - A= -2
Part b.
ly)y=c|1,-1)+¢,11,0)+c,|1,1)
(W |=c (1,-1]+c,(1,0]+c,(1,1] (because Vi:c, € R)
We have
L =L +iL, L =3(L +L)
L =L -iL, L = —2i(L, ~L)

We first calculate (w [L, |y) =(w |L, |y)+i{w[L, |y);
we note that L, [w)=c_in2|1,0)+c, /2 |1,1)

(L) ={ =TT +6,(1,0 +¢, (L1 He 2 (1,00 +¢,2 1,1} = e ei2 + e 2 =
=%hJE+%£hJE=2JE+4h

7
(Ly=( | Ly)=(L)'w lw)=(Ly |p)=(w|Ly) =(L) =(L,) because (L)eR

So now

Lo=3(L +L) = (L)=3(L)+(L))=2(L)+(L))=(L,)=

22 +4

7

h

L=l L) = (L) =4{((L)~(L)) =5 (L) (L)) =0

For the z-component and the total angular momentum we simply have

(ry=y thzhﬂfp4m+kgﬁ%®;+kul 251
’,m

G Dh= L+ 2h=Ln
(D= () +h =
By=Ye, [ oo+ =le, [ 202 +|c, [ 207 +|c, [ 202 =27
’,m

C/,,m

Part ¢



2

2
[2
=[L1] /=1L ==
( |7| )

Applying the raising operator twice leaves us with just an m =+1 term:

ﬁ \/,h\/ELJl,O) [h\fhful) N

Thishas (1,m|L L, |y)= \/>h2<1 ,m|1,1) = h5
7

(7

Similarly, applying the lowering operator twice gives just an m = -1 term:

LL |y)= \/7LL 11,1) = hfL 11,0y = fhfh\fl 1)—2\/\/:h2|1 1)
22 22

so (1,m|L_L_ |l,//>——h2<1 |1’_1>:W

7

This probability is

Partd

LL |y)y=—7=L,L |1,-1)= —n*|1,1)

s,
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QM B4

ANSWERS
Part a
S (@) (@) - (@) (@)
=CC* » ~——~— C =|C
wivy=cCr S S =i S e I 3

n

“[cfef =1 = c=eH

=|cf i'
n=0
Partb

Yes, it is an eigenstate, with eigenvalue a:

aly)= CZJ—alm cz ﬂn 1= aczﬁm D=aly)

110 n=1

Part ¢

For some general state | y) :ch |n) we have: 4" | y) :ﬁ+2cn | 1) :ZCH\/TZ+1 [n+1). The

n=0 n=0 n=0
component with the lowest value of 7 is no longer there after the creation operator acted, so the
state that results from the action of the creation operator can never be proportional to the
original state.

Part d.

Weuse a+a' = \'/'%(x+$pJ+%(x—m—pJ N2pi = 3= ([/,B({H

wla+d'y)=w|aly)+{y|a'y)=(v|ay)+(ay|y)=2Re((y|dy))=2Re(a(y |y)) =2Re(a)

So (%) =~2Re(a)/ B
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EM A3
(a) Cequiv = C1 + C2 + C3 = 60 uF

Q = CV = (60 uF)(120 V) = 7200 p.C
1 1 1 1
(b) Cequiv B Cl i 02 i Cg
Cequiv = 5.4 pF
Q=CV =(5.45uF)(120 V) = 654 uC

EM A4

Part a.

E, =k

(zfﬂf(l j)=k2v2(i - )

E, =k2V2(i+]j)
E+1 = _%E+2
E,=—E,

Etot :E+2 +E—2 +E+1 +E—1 = E+2 +E—2 _% 12 _%E—z :%(Ea +E—2) =

=4 k22 - )+ k22 +§) | =2 (= )+ (+) | = k2 21 | = k242

Part b.
V=V, +V, +V +V =V _+V )+(V, +V )=0+0=0V
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EM B3

a) V= ﬁo(m(b/a) () F"Euln(b/a).
b) v = T’Lﬂ(ln(b/r) — In(b/b)) = ﬁzm(z}/ﬂ.
g) V=

Vip = V(a) — V(b) = -2--’-\?1n(b/a)

d) Between the cylinders:
V

oy Vas Vo 1
BT T /ey or ( ") Ry

e) The potential difference between the two cylinders is identical to that
in part (b) (for 7=a) even if the outer cylinder has no charge.



EM B4

The equation Vi = IX; allows us to calculate I and then F = IZ gives Z. Solve
Z=\R*+(X; - Xp) for X;.

V,
@) Ve =1Xp sol =—5 =13 _gy5 4
X 480

) V=IZsoZ=" = 120 _ 4000
I 028

© ZP =R +(X; - X
X;—Xe=4VZ7-R?, s0
X; =X +Z2 - R? = 480+/(429)* —(80)* =480+ 421=59 Q or 901 Q

(d)

_*

Xp = - and X7 =@l Atresonance. X =X . As the frequency 1s lowered below
)

the resonance frequency X, increases and X; decreases. Therefore, for w<ap. X7 < X, So for

X, =59 Q the angular frequency is less than the resonance angular frequency. @ 1s greater than ¢k
when X, =901 Q
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