QUANTUM MECHANICS
Hwk Solution Set 9
Spin States + bosons and fermions

Solution to Problem 4.55

(part a)
I(1+1)h* = 20%, P = 1. (1)

(part b)
mh=0,P=1/3 or mh=h,P=2/3. (2)

(part c)
31%/4,P = 1. (3)

(part d)
+h/2,P=1/3 or —h/2,P=2/3. (4)

(part e) Write the angular part of the wavevector as

1 V2
I22IL0)+ 212, -1/2)]11). (5)

Then use the 1 x 1/2 Clebsch-Gordon table in the book to decompose this state.

[See the examples in the text below the table - first find the m’s, that are horizontal - in
the table you see horizontally: +1 -1/2 then move horizontally to see the coefficient (i.e.
1/3, take the square root) then move up to get the |3/2,+1/2). This gives the first piece of
equation (6) below and the second piece is obtained similarly...continue to get equation(7)
by locating: 0 1/2].

N V2

11/2,-1/2)[1,1) = \/313/2,1/2>+ﬁ\1/2,1/2> (6)
v 1
1/2,1/2)[1,0) = ﬁl3/27 1/2) — ﬁll/% 1/2). (7)



Substituting these decompositions gives

1 V2

R 2000) + /2. -1/2)00) (8)
2v/2 1
7|3/2 ,1/2) + 311/2,1/2). (9)

Then we get measurements (3/2)(3/2 + 1)h? = (15/4)h? or (1/2)(1/2 + 1)R? = (3/4)h?
with probabilities (2\\[[) = 8/9 and 1/9 respectively.

(part f) i/2 with probability of unity.
(part g) Square the wavefunction as given, and note that the cross terms are zero due to
the orthogonality of the spin 1/2 unit vectors. We have from the tables in the book (or see

hwk 6 and hwk 7) that Ry = ﬁa‘g’ﬂ(r/a)e:np(—r/@a)) and Y;? = (3/(4m))"/? cos  and

Y = (3/(87))/?sin fe?, Thus

Rar P(B)YEP + 2/IVIP) = oo rean(-r/a). (10)

(part h) Integrate out the angular variables to obtain

. 1
\R21|2(1/3)/\Y10|281n2 0dodo = §|R21|2 = T exp( r/a). (11)
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Solution to Problem 5.6

(part a) See Eq. 5.19 in the text and solutions from previous hwk for the square well:

(@ = of2 (12)
1 1 1
(@) = o _g T o2 <ng>] (13)
(A2)*)ny = (@%)n + (@)1 — 2(a)nlah (14)
(1 1 1 1
(80P = 5= (43| (15)
(parts b,c) Calculate the the overlap function (Eq. 5.20 in the text)
2 [ . .
(X)) = a/o dz zsin(nrz/a)sin(lrz/a) (16)
to find . -
(@) = taa) ) o, (1)



So using Eq. 5.21 we have

(Bcf)ui s = ((AcP)nsF 2Wa)nil (19
. _1\l+n 2
(o = @ [1- b (4 g)| 72| uaen TECE a9

Solution to Problem 5.7

(part a)
Va(1)Yp(72)Ye(T3) (20)

(part b)
a2 () + il el (o) + () () (21)
F 1y (1) e (22)Va(23) + Ye(r1)y(22) Ve (23) + (1) Va(22)p(23)]. (22)

(part c)
\}é[wa(xl)%(wz)%(%) — Ya(w1)Ye(z2)p(23) — Yp(21)Ya(w2)Ye(23) (23)
+p(21)Ve(22)Ya(T3) — Ye(@1)Pp(22)a(T3) + Ye(21)a(T2)P0(23)]- (24)

Ya(x1) Pp(z1) Yel21)
The above (part c¢) can be written as % Ya(z2) Up(x2) Ye(x2) | and (part b) can be
Ya(@3) Yu(xs) tel(ws)

gotten by making all the negative signs positive.



