An Evanescent Particle (1997). Pérez Celis, Argentine painter (1939-2008). Starting from the
bottom, this beautiful picture conveys the image of the linear combination (2.29), representing
a particle exiting from the intermediate screen in a two-slit experiment (Fig.2.5). Both green
and brown components display a definite wave length, as befits a plane wave. Environment
effects become effective after traveling some distance, resulting in a classical, decohered, single
component. This picture belongs to the collection of Banco de la Nacién Argentina, and is
reproduced with authorization from this institution and from Pérez Celis’ family
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Solutions to Problems and Physical Constants

Solutions to Problems

Chapter 2
Problem1. (1) W = a v+ ©
Viel? + leaf? Viel? 4 leal?
) |61|2
e + |eaf?

1

c
v + v
Ji—leP | Vi=leP

(c1 + cc)Wy + /1 — |c|?¥;

Problem 2. (1) V3 = —

QW = .
VIei? Flea? + eic*ef + cfees
W5
Problem5. —i-2 .
M

df
dp’

Problem8. (H)RV=V. )RV =0.

Problem 6. (1) —ihnp"~'. (2)—ih

(ilplj) _ iM(Ei —E))

Problem 9. —— =
(i]x]) h
Problem 10.
result  probability result probability
g, fi 16/25 g1, [ 4125
g, fi 1725 g2, [ 4125
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Problem11. (1) P(4K,) = é P(K,) = g @ (IK) = %Kp AK = “/;Kp.

1 2
3) —@, + ——=0; .
()ﬁ(p2+d§(p3

Problem 12. Ax ~ 107 m, Av ~ 107! ms~!.

Problem 13. (1) AEy/AE = 0(107%) . (2)x = 0(10') m.

Chapter 3

1
1 1
Problem1. (1)0, ++/2. (2)<piﬁ=—(o)i—(
2\ V2

e L (0 TR V2 o1
op=—7|0|-—=]0], U==-|V2 0 V2.
ﬁ(O) ﬁ(l) 2(1—ﬂ 1)

2
Problem2. (1)As = +Va? + 2. (2)Ai:i|a|(l+%+m).
a

az
AL =+ 14+ — +--- ).
(3) Az |C|( 202 )

Problem 3. (1]2) = (1]3) = (2]4) = (3]4) = 0.

Problem4. (1)Ap =(0.5,0.5,—1), Ag=(0.5-051).

o 1/v2 1/v2 0
@[Q.R]=0. (3)(1/~/§) ; (—l/ﬁ) ; (0).
0 0 1

Problem 5 (1):i:E 3) —cosé ! + sin — 0
' 2 D=5 o 1)’

Ppy :—sing((l)) +COS§((1))'

Th [c b? [c 1
Problem7. (DE=W+ —,/—. QE=——+h,/— =.
roblem (D o+2 7 ) 2c+ M(n+2)

Problem8. (1) x. = vA/(Mc)'/*. (2)3hw .

M
Problem 9. (1) h‘” (n 4+ 21x2n) = ————(n + 2| p*|n) =

AMw

. (n|K|n) (n + 2|K|n)
CERITERE - - -
(n + 1)(n + 2) , and O otherwise. (3) 1|V |n) (n £2[V1n) !
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Problem 10. Zero.

Problem11. (1) ¥ =
(V||w)=0.

1 1
—Qo+ —=0; .
N ALV AL NG

L
7

Problem 13. ¢ = :Ficgfnﬂ) =

Chapter 4
2

Problem 2. (1) ¢, = \/jsm(k,,x) (0<x<a) and ¢,
a

kn=n Ja,E, = hzkﬁ/ZM. (3) No.

Problem 3. E ~ (hAp)*/2M > h*/8Ma? .

k
Problem 4. ix coth% = kcot7a, k= 2M(Vo — E)/h,
k = V2ME /h.

max

Problems. Y E; — 21 / Exdk ~ Ey. = h*k2_J2M .
k

a M
Problem 6. (1 E)y=— 4 —. 2)0.81 107 eV.
roblem (1) p(E) h\/zE (2) e
ka K
Problem7. (1) —cot— = —.
roblem (1) —co 5 A

Problem 8. 1 eps, 1 eps + 1 ops, 2 eps + 1 ops, 2 eps + 2 ops.

Problem9. R =0.030, T =0.97.

Problem10. (1)xg~ 1/k =1.13A. )T =1.7x 10715,

Problem 11. lim 7 = 2E/ Vo ,
ka1 2E/ V() + ]‘/IV()ClZ/h2
fim 7 = B (j _E 24 Mo = E)
im7T =——-/ |1——)exp|——F - .
ka>>1 Vo Vo P h 0

Problem 12. 31073 A.

Problem 13. (2) The lattice exerts forces on the electron.
d
3) (k|plk) = hk / g |2dx — i / u};%dx .
X

1
(2) (\Illx|\l/> = —F=Xc,

2717

(W|p|¥) =

0 otherwise.
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1 1 d?
Problem14. ——— = — ¥ ———— where f(E)) = £1.
My~ M W2df/dE)p=g, T

1/2
2ha/2
F) Q)P =

exp[—x*a?/2h%

Problem 15. (1)n = (
ao

(3)0, % /o (4)0, a?/4.

Chapter 5

Problem1. O (10%').
A 010 10 0
Problem 2. 7_ 101 ] —A100O0 |.
2\o10 00—1

Problem 4. iAJ.
Problem 5. (1) (00]Y5]|00) = (11]Y5(]21) = (00]Y;{|11) = (00|I1]10) = 0.

(2) (10]Y5[10) = 0.25 , (00|Y;;|1(~=1)) = —0.28 , (00|[7]00) = —(11|[T|11)
=1.

1 1 1 1
prabien 7. 09,51 = 75 () 0ums = 75 (1)

h . R0

2) £— - x == . .

CESE 3) S, 2(_10)
1+£i 1Fi

@O sy =0y + =0y

Problem 8. (1) %(a +b)?. (2)%(612 +b% . B3d?.

h h h
Problem9. (1) —, cos’ E , ——, sin’ E . (2) =cosB.
2 2 2 2 2

12 1 /3 0
Problem 10. (1)([)%%:— ngo (O)+ gYZl(l) )
3 1 2 0 1
(P%:\/ngo(O)-i-\/ngl(l)- (3)1/11(0), 1.

Problem 11. Equation (7.12).
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Problem 12. Zmlmzc(jlml,jzmz,jm)c(jlml,jzmz,j/m/) =08 6mm
2 imcGimy, joma, jm)e(imy, jomyy, jm) = 8 i Smym, -

Problem 13. ¢, = (=1)*"'~/ ¢y,

Chapter 6

Problem 1. 2.5x 1073eV.

Problem 2. (1) IS%, ZS%, 2p%, Zp%, 3.5%, 3p%, 3p%, 3d%, 3d% .
(2 0s1, 1p1, 1p3, 251, 2ds, 2ds, 3py, 3ps, 3f5, 3f7 .

hz
Problem3. (1) (N + 1)(N +2). (2) 7N(N +3).
ONJ; 3
3) EN[j = hw (l_6j + E) , Where ani;; = O(OS%), IO(Ip%), 20(1p%),
27(2ds), 37(2dy), 37(2s1), 39G3/3). 53(3/3), 53(3p;), 59G3/1) -
1
WI=N, j=N+3.
Problem 4 —1 Lan ™" E ! _hn ’
. = —sin — n= - .
P J2 ar a 2M \ a
Problem 5. rin=""=" = 524y, (200|r|200) = 6ap. rin """ = 4a.
(21my|r|21m;) = 5ay .
Problem 7. (1) R =1.5x107° (H)
) (100|r|100) — ’
R R
— =73x102%((Pb). 2) —— =3.1x107 (H),
(100[7[100) 1072 (B0) - @) 55771700y x 107 (F)
R
— =15 (Pb).
(100|r|100)
2 2 1/4 1 3
Problem8. r° — s, o(r°) = s ¢(s), I(I+1)— Zl(l+ 1)_E’

1 1
—E—>ez/4 € , “Mw* — —E .
4 8
3.5 .,
Problem9. E,—( = —Zah , E= = Zah .

3 1
Problem 10. (1) ugB.. (2) Evsohz. (3) Eusohz(9 +2q +¢H"V2.
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Problem 11. j, = |A|%hk/r2M . flux(dS2) = |APhkdS2/M .

Problem 12. (1) B_ = —1 + ak_ cotak_ ; k_ = 3 /2MV,.
(2) B+ =ssinéy/(ak cos by + sindy) ; k = %\/2ME.
(3)tandy = ka (1 —tanak_/ak_). 4) 0(0) = a® (1 —tanak_ Jak_)*.

(5)0 =4 a® (1 —tanak_/ak_)*.

Problem13. ()V =V(p), p=/x>+y>, ¢=tan'(y/x).

@) 1 (A2+A2)_ h2 32+13+132 E —E
2M px py - 2M ap2 pap pz aq)z ) mj; — —mjy -

BE,=hwo(n+1), n+1, n=0,1,2,....

Problem 14. (1) wyn = wg = h/Main® .
(2) Bohr correspondence principle (Sect. 15.3.2).

Chapter 7

x2 XZ
Problem 1. (1) —) (1+—2), xev/2, 0.10.
X

1
2xev/2 p( 2x2 ¢
@) ! ( xz) 0.16
exp[———1]., x., 0.16.
XA/ 2 P 2X§

1 x?2
3) ——— — 2 V3, 0.0021.
()XS R eXP( 2x§)x Xc

1
Problem 2. (1)¢, = E [(Ploo(l)(P21m1 2 + (p100(2)(P21m1(1)] Xs=0 »

0= 5 [0, @ = 010y, (D] o, - @ i > -
Problem3. J =0,2,4.

Problem4. (1)s.(2)a.(3)s.(4)a.(5)s.

Problem 5. J even.

Problem 6. (1)3/2,1/2. (2)1/2.

Problem8. —+ . ° ] y, ! ]
roblem8. —+. -, - 4+, -, -
oble 2 2 27 2

Problem 9. (1)3.8/ —0.26/4.8 (it,). (2) —1.9/0.64/ — 1.9 (11p).
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Problem 10. (1)1 1073, (2)2107"%. (3)4 1073

Problem 11. n(¢) = % , Cy= ankB% .
Problem 12. 1/3; 1/2; 3/5.

Problem 13. (1) 5.9 x 10° A. (2) Red.

Problem 14. (1) —1 (kgT)’ /e. (2)—1.7x 10~%eV,

Problem 15. Constant.

Problem 16. q., +qpy . —Gac .  Gbe -

Chapter 8

Problem 1. (1) Equation (8.10).

@ _ (1) (0) (0) (1) (1
(2) Cp?én - E(O) (0) ZC (p |V|(p ) Cp
P qFn

1
o == 1)1

pFEn

Problem2. () E" = EV =0, E =2¢

@ E® = —E® = |C3| L E® .
0 0 1
@l =50 0 =—Sel". o =
2 I | 0 2 I | 0 2
@ol =—frol” . o =—Tl of = 0.
(5)Ei=zi§\/l+4|clzw ilc|2, Ey=—1+42c.
272 9 Y2773
Problem3. ()E" =0, E?—__*
2Mw?
bx?2 b2x2
(1) c (2 c
2 E = —, E = — .
@k = 0 16Mw?

3 [k
Problem4. (1) E\" = — 32M( w) . (21078,
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(0)|V|(p(0))|2

I{
Problem 5. V¥, = ’(10)
" ; (E(0> (0))2
3 (05" 1V i) oLy 0 AR I
= E;SO)-F( ,(,0)|V|(p,(10))—E‘(”0) P p,q(;en)(Eng)_ ‘(”0))(E}50)_ éo)) P
Problem 7.
(1)(H>_ha) Mo M3 e M*\* 15 ( ho \* (M* 3+
T4 M M 8SME\M 32 \ M2 M ’
3 ho (M*\® 45 ( ho \? [/ M*\*
)1 = = R I T el
2) ( ) 4Mcz( )+32(Mc2)(M)+
(3) M* 3 ho \? n
tsme 1s\me ‘
@ (H 3 how 3 how 2+
T leme T 16\ M2 :

Problem 8. <1s2p + ‘
4 €or

1s2p:|:> = —(0.98 + 0.08)Ey .

Problem 9.

(H)z Z* (H)zx exp
He 5.50 1.69 5.69 5.81
Lit 1425 2.69 14.44 14.49
Bett 27.00 3.69 27.19 27.21

3hw [ x¢ 4 ho [ x¢ 6 ) )

Problem11. (1)ey = —8.75107%eV; Ry=287 4.
2

h
Q) ho =4.01073eV. (3) 5 =129 107%eV.
21 RS

Problem 12. Ei(m =0) = E\" £ 3¢E.ay, E(m==+1)=E",.

1
Problem 13. (1) H = m (M|P2|'7)a:an

g g
+ 5 Z(szln) Za# a, aya, — 5 Z(M|x|n)(v|x|§)a:ajagan.
un v

wvng

2
1
(2) Hy = how Y (a:au + E) DV = —% (Z(MIXIW)a,Tan) ;
n

mn



A Solutions to Problems and Physical Constants 283

Ng

on =757 O Hren =houyTy = SN +1xIN) (/F + )%
)/+ = a]‘\,|r 114y wrpsa = 0.  (4) Translational invariance.
Chapter 9

Problem 1. 0.50 — 0.40sin(3 2At/2Ma?) .

d(¥|p|¥ dv
Problem 2. M:— U|l—|W¥).
dr dx
Problem 3. ¢ 1_icos ! 4+
. Cpp = —— - — .
}T ﬁ 2 L 4

wrt .. wut
Problem 4. U4,(¢,0) = cos TI + isin EN n-o.
Problem 5. 0.36,0.50,0.13.
1
Problemé. P" = 9 qin? |:§t(a) - CUL):| )

Problem 7.
Me o 2e he /[2te v t—i ho_\’ dt
= — —exp| — xXp|—— | —1——— .
T T VP Tamn ) ), TP T MV

@) e = 2 exp (1
=1 = oM P 2MV? )

Problem 8.
(1) W(t) = cos 6y exp |:—

iV sin(wt)
4hw
iV sin(wt)
4hw Bo

4hw Xo -

i3V, sin(wt
} X(l) + sin 6y exp [—1 osin(@ )j| 0

2) ¥(t) = exp [—

Kx.\> ¢
Problem9. Py, =2 ( hx ) sin? 2L

w 2
ProblemlO
. 1 exp(iwy;t exp(iwy;t)
e = 5 Y Vi) J|V|l)[ 1 oplont) | explogt) )
Z Wk Wk j WkiWji Wk j Wij

Kx. 4 4 0f
(2)P0—>2—2(hw) sin = .
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Problem 11. (1)0.5and 0.5 x 1077, (2)2x 1072
(210|r|100)
(310[r|100)

P(310 — 200)
P(310 — 100)

2

P (100 — 210)
=63, =

= _38.
P(100 — 310)

Problem 12. ‘

Problem 13. (1) 0.13. (2)1.1x108s. (3)4x 1077 eV.

Problem 14. (1) (n.n —1||Q1|[n —1,n —2) = —agn®/v/2.
Qtn,n—1—-n—1,n-2)=6n*h/a>Mc?.
tn,n—1—->n—-1,n-2) .

3 = Tn*.
) (2,1 = 1,0 "

Chapter 10

1

Problem 1. (1) j(2j +1)x j2j +1). (2) (j + %) x (,- + 5) .

1
(3)Ea=—g(j+§) , E,=0.
92
Problem 2. (1) (0|H,,|0) , -2 =& (1 + —). Q) =—.

B)AE, _g =g Q.

Q
Problem 3. (1)E,,=g7; =2 A=g/A(2-4);

Q
=g(a -Z).
n=se(a -3)
22 -

@) OIHw0), g =g T=75: AE, _g=g¢%

(3) The BCS approximation is only correct to leading order in £27!.
Problemd. P* =3 [U,,Vp(l —a,a-,) + Upafat, — sza_pozp].

Problem 5. 2A.

Problem8. (1)L® = /T (" + It + I + I). @0,
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Chapter 13
Problem 1.
_ _ (pB() (pB| (sz (pB%
S.(1)S,(2) 1 1 -1 -1
S,(1)S:(2) 1 -1 1 -1
1 1

Problem 2. 1, 0, l, E, =, —.

2 8 8 4

%)

Problem 3. S’Z ((pBl) . x((pBZ) ) §y (‘PB;) .
Problem 4. Uy .

Problem 8. Alice’s transformations yield a unique Bell state.

Problem 9.

fi ¢ ¢4 cg  cin
1 1 1 1 1

2 1 i -1 =i

4 1 -1 1 -1
8 1 -1 -1 i

Chapter 14

Problem1. L; =02m.

Problem 4.
1 p= 1 ( l+cosB  exp[—ig] sinB )
2\ explig] sin B 1 —cosp

2) (Sy) = gsinﬂ cosgp; (S,) = gsinﬂ sing; (S;) = gcosﬁ.

Problem 5.

. 1(1 0
v ia(h )
(2) (Sx>: S
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