Errata for Quantum Mechanics
by Ernest Abers
Intermediate Level Errata as of July 1, 2007 (1st and 2nd printings)

Chapter I

Page 2, just above Equation (1.5): Change “third” to “second”:

With these definitions Newton’s second law
[Thanks to J. Schilling, 1/11/2005]

Page 4, Equation (1.16), in the second equation, first term on the right, r; should have
only one dot.

L
= — i+ L4, (1.16)
i C

[Thanks to J. May, 10/11/2004]

Page 5, Equation (1.24): Delete the factor m that appears before the first summation
sign:

2
H=Y pgp—L=md (B) —L=2r-T4+v=T+V (1.24)
k k

[Thanks to D. Matlock, 10/06/2004]

Page 12, Equation (1.58): Insert ¢ before the first e.

(Ji)jk = J(Pi) ji = i€inj = —i€ijn (1.58)
[10/07/2004]

Page 12: Delete the first sentence immediately below equation (1.64):
d .
0L = E(SQ(q, q,t) (1.64)

This rule must hold as a consequence of the functional form of L, for any g (t) whether
or not they satisfy the equations of motion. Let
[Thanks to M. Eides, 8/26/2005]

Page 14, Equation (1.78): The last expression needs an ¢ in front:

G= me7i5rm7i = Gzﬁijkpm,inﬂm,k = ez (tm X Pm) -NL=€L-n (1.78)

m.i ijk m

[Thanks to K. Lane, 1/12/2004]
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Chapter II
e Page 22, Equation (2.2): In the leftmost expression, change /i to h:
ﬁ - 27h
p V2mE

[Thanks to K. Lane, 1/12/2004]

~1.2A (2.2)

e Page 25, Equation (2.6a): Change the last « to 3:

o+ 8] 14) = alv) + Blv) (2.62)
[Thanks to K. Lane, 1/12/2004]
e Page 25, Equation (2.6b): 3 should be a:

afln) + 12)] = alr) + alya) (2.6b)
[Thanks to D. Staszak, 11/09/2004]

e Page 28, Equation (2.35): Change the subscript i to n:

> n) (Wl ) = [¥) (2.35)

[Thanks to D. Gangadharan, 11/01/2004]
e Page 42, Equation (2.127): the sign is wrong:

d

ih— (A) = ([A, H(t)]) (2.127)

[Thanks to J. Ma, 11/14/2005]

e Page 50. equation (2.177): In the last matrix element, the operator =" should be just
x:

(Yool @ [Yar1a) = (& + a) (Y| o) = (Yo |2 + al [1hgr) (2.177)
[10/20/2004]

e Page 54, Equation (2.216): In the last term, in the denominator, replace k by k?:

2 d2W(ko)
dk?

1
wt — kx = wot — kot + (k — ko) [vg(ko)t — ] + 3 (k — ko) t+--- (2.216)
[10/20/2004]
e Page 54, equation (2.218): In the last expression, delete v/27 in the denominator:

= eii(%*k"vg)t\IJ(x — vgt)

[Thanks to T. Tao, 10/20/2004]
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Chapter IIT
e Page 81, Equation (3.119): Insert an equals sign before F'(r, 6):
P(r,0,¢) = F(r,0)e™? (3.119)
[11/01/2004]

e Page 81, Equations (3.120) and (3.123): In the denominator just before the closing
parenthesis, change ¢ to ¢2:

sin 0 n 1 92
~ sinf— 4+ — =
sin 6 06 90 sin’®0 042

L*Ygim(r) = — ( ) YEIm(r,0,9) (3.120)

2ymp oy (9 gl 1 P \ym
LY (0,9) = (sin98981n989+sin298¢2 Y™ (6, ¢) (3.123)

[Thanks to D. Matlock, 11/01,/2004]

e Page 94, Problem 3.8, part (a), first line: Delete “Hermitean”.

Let A be any well-defined operator, and
[Thanks to A. Kao, 11,/08/2006]

e Page 101, Problem 3.22, part (e): Change “see Problem 2.1” to “see Section 2.6.”
[11/07/2004]

Chapter IV

e Page 114, Equation (4.60): On the right, change the summation index from m’ to m’:

R(f1,01)R(f, 05)[r,m) =Y R(fg, 01)[r',m') Dy (1, 61)

" (4.60)
= Z |I'N, m”> [D(f2, 02) D(fa1, 91)]m”m

[Thanks to J. May, 4/11/2005]

e Page 122, just above Equation (4.105): Insert “solutions” between “the” and “to”:

The eigenstates are linear combinations of |1, —1/2) and |0,1/2). The eigenvalues are
the solutions to the characteristic equation:
[Thanks to K. Lane, 1/12/2004]

e Page 129, above Equation (4.146): Change “left-hand side” to “right-hand side”:

On the right-hand side, use
[Thanks to J. May, 4/11/2005]
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e Page 131, Problem 4.2, part (b): Change the superscript j to 1:
Z UamD(l)(jl)anib = (ji)ab

[Thanks to K. Lane, 1/12/2004]
e Page 132, Problem 4.4, part (c): The last equation on the page should be changed to
W(r) = Ry (V" (0, )
[Thanks to K. Lane, 11/03/2003|
e Page 133, Problem 4.6, second equation: Delete the summation sign on the far left.
Ji - JilYmimams) = Ji(Gi + 1)[¥mimams)

[Thanks to A. Forrester, 12/08/2005]

Chapter V

Page 140, on the line just below Equation (5.6): Change g(a) to g(e):

For a one-parameter subgroup of continuous symmetries g(e) = exp(—ieG),
[Thanks to K. Lane, 1/12/2004]

Page 142, footnote: Y (72) should read Y,™(f):

This is because the spherical harmonics Y, (72) are the spherical components of the unit vector 7.

[Thanks to Y. Guo, 1/23/2006]

Page 157, Equation (5.109). Replace the last —m by m:
T2|O[,j, m> = (_1)j7m67i67|aa‘ja _m> = (_1)2j|aaja m> (5109)

[Thanks to Y. Guo, 3/16/2006]

Page 163, Equation (5.131): Insert 3, just after the equals sign:

=3 [D%)(ﬁ, 9)*LJ_ N, (5.131)

J

N; = 3N [DD (@, 0]
J

[Thanks to Y. Guo, 3/16/2006]
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Chapter VI
e Page 179, just above Equation (6.53): “a” should be “A\,”:

The eigenvalue A, cannot be negative:
[1/09/2005]

e Page 180, in the first sentence of the second paragraph: Replace “each way of dis-
tributing the particles is equally likely” with “when the n; correspond to the most
probable distribution”:

The collection of particles is in thermal equilibrium when the n; correspond to the
most probable distribution, subject
[1/09/2005]

e Page 183, Equation (6.81): Change “B” on the left to “B;(¢)” and “B;” on the right
to “B;y”. Just above Equation (6.82) add “(with wy = gupB1)”:

B (t) = Bi (i cos wt + i, sinwt) (6.81)

...The Hamiltonian matrix has
the form (6.71), with H, = 0 and (with wy = gupBi)
[1/20/2005]

e Page 183, in the paragraph below Equation (6.84): Replace “H’” with “H” twice. The
last line of that paragraph should read “P, = —#/, also”. In equation (6.88) delete
both primes on the right-hand side, and add a prime after the closing bracket, above
the subscript “i”:

In the rotating frame H has constant components: H = w,f., + wif...

P, = —n also.

iP{: [(H —w) x P]

= (6.88)

[1/20,/2005]

e Page 184, at the very top: Add “where the prime attached to the bracket means that
the vector is to be resolved along the i-th rotating axis.”:

where the prime attached to the bracket means that the vector is to be resolved along
the i-th rotating axis. Since H' — w is a constant vector...

[1/20,/2005]
e Page 186, fourth line: Replace “107!%” with “10'%”:

with only one chance in 10'° that it interacts at all.
[Thanks to A. Teymourian, 4/10/2007]
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e Page 198, Problem 6.6: In the second equation, in the first term on the right-hand
side, replace R, with R2:
L? Wo

H= Yo (¢) -
o T2 )

[Thanks to A. Zhitnitski, 10/02/2004]

e Page 198, Problem 6.6: In the fourth equation, there should be a second equals sign
before tan 6:
B
22 %2 tang
Bl w1

[10/02/2004]

Chapter VII

e Page 204, two lines above Equation (7.17): This sentence should read:

The solution to Equation (7.8) is not unique, since you can always add a solution of

the homogeneous equation
[Thanks to J. deGrassie, 1/26/2005]

e Page 216. Figure 7.3: replace “Balmer o” and “Balmer 7 with “Lyman 3”7 and
”Balmer o” respectively.

3Ds
8.95x10~ %V D2 b,
Lyman 3 Balmer o 1.34%10~ %V 3Dg,3P
12.1eV 1.89eV 3P1,351
PR

n=2 —@/— 1 - - — - - - - - - — =

2P3

4.53x10"%eV 2
2P ,251
2 2

Lyman o
10.2eV
15

[Thanks to N. Kugland, 1/30/2006]
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e Page 217, line below Equation (7.84): v should be ¢:

L, +2s, is not diagonal in the |¢7! ) basis, but its diagonal elements can be computed
g im g

[Thanks to X. Han, 10/27/2004]

e Page 231, Equation (7.161): On the left, add “d"r” (and also on the first line of
Equation (7.165), and on the right, the second and third terms should begin with
“+i77:

/1/10(1“, R)"P?io(r, R)$(R)d"r = P7¢(R) +i4;i(R)Vip(R) +iV,;4;(R)$(R)

(7.161)
[Thanks to Y. Guo, 3/08/2006]

e Page 232, Equation (7.169), on the right-hand side: Replace “A(R)-R” with “A(R) -
dR”

R
AR) = / A(R) - dR (7.169)
R,
2/09/2005]

e Page 233, Equation (7.173): Replace “2M”’ with “M” in the denominator in the first
term on the right:

Heg = PMQ + ES(R)+U(R) (7.173)

[2/08/2006]
e Page 237, Equation (7.199): There is a “4»(x)” missing at the end of the second term:
" (z) +2m[E - V(2)]¢(z) =0 (7.199)

[Thanks to T. Butler, 2/14/2005]
e Page 242, Equation (7.236). = should be ¢:

(;t. ) vy (%t )] (7.236)
[1/17/2006]

e Page 244, Equation (7.250), the lower limit of the integral should be b:

wlw
wjw

Bi(—t) = 1/ [J

=

P(z) ~

) exp [— /: n(x’)dm’] (7.250)

[Thanks to Y. Guo, 2/27/2006]

e Page 251, Problem 7.8, Part (c), in the displayed equation there should a superscrtipt
“2” after the partial derivative symbol in the numerator. And in the next to last line,

“so” should be “to”: o2 -
V(r
H/ = 02(51)2W

i 2

r=0
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Hint: Be careful here. This is not a transformation of the quantum-mechanical
states; the idea is to show that ....

[Thanks to C. Cooper, A. Goodhue, and N. Kugland, 2/14/2006]

e Page 258, Problem 7.18: In the third and the last displayed equation, delete the minus
sign:

The magnetic perturbation is
Hpag=p-B

Make a catalog of matrix elements of Hpag:
< nl
mpms

[Thanks to Y. Wang, 3/20/2006]

Hmag ’ Zmllms> = ,UJBB(ml + 2m5)

e Page 259, Problem 7.18, Part (e), second paragraph, second line: Delete the stray “f”
after “m =1/27:

Take the basis to be the two m = 1/2 states, with j = 3/2 or 1/2.
[Thanks to E. Osoba, 3/21/2005]

Chapter VIII

e Page 270, Equation (8.38a): 272 should be (27)%/2/47. And in Equation (8.40), on
the bottom line, insert a minus sign after the first equals sign:

(27 4 4rlr’ — r|

_ 3/2 ik|r’ —r|
) (r) = —1)§ lelk'r _ ) / &P U(r’)w("l)(r’)] (8.38a)
2
1 > 2 ! iqr cos 0 1 > :
=—= redr e U(r)dcosf = —— rsin(qr)U(r)dr (8.40)
2 0 —1 q Jo
[Thanks to Y. Guo, 3/06/2006]

e Page 270, Equation (8.40): Change the left-hand side to f(1)(©):

o) = —i/eiq'”U(r) d®r
47
= —/ T2dr/ eiqrcoseU(r)dcosﬁz ——/ rsin(gr)U(r)dr
2 0 —1 q Jo

[Thanks to K. Lane, 3/19/2004]
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e Page 274, in the first line of Equation (8.60), and again in Eqation (8.62), replace 9.
with dips.. And on the first line of Equation (8.60) insert f(6) to the left of the vertical
bar.

o0

f(0) —2nNdzo,

Zo

2miNdz

ikr—er

ik —e

1 > ikr—er df(e)
ik—e/zo e o dr (8.60)

poe** £(0) (8.62)

dse = 2 Ndz o,

dpse =
[Thanks to Y. Guo, 3/06/2006]

¢

e Page 280, last sentence: Replace “in that number” by “in that limit”.

For small k there are only a few, and as k — 0 only [ = 0 survives. In that limit
the scattering is characterized by a single number.
[Thanks to M. Gutperle, 5/05/2004]

Chapter IX

e Page 292, between Equations (9.25) and (9.26): Change the text to read: “Then apq (%)
is related to Apq(w) by”
[Thanks to K. Lane, 2/18/2004]

e Page 304, Equation (9.93): The integrals should end in d®k]d®k}, and d®*K'd>k':

r= 27r/ Tya|*6 (wa — wp)dK)d>k,

=or / |63 (K" — K)Tba]25 (Wa — wp)d®*K'd>k' (9.93)
z27r/’Tb ]25@ —wp)d3 (K — K) V_ prrai
a a (27T)3

[Thanks to K. Lane, 2/21/2004]

e Page 307, Equation (9.105), in the second expression change ¢ + 27 to ¢ + m:

Texchange (Wa, 0, 0) = Tgirect (Wa, ™ — 0,6 + 7) (9.105)
[Thanks to Y. Guo, 5/03/2006]
e Page 309, Equation (9.112): Delete the integral sign:
Tpo = 27| H} |6 (wa — wp) (9.112)
[Thanks to A. Young, 4/26/2005]
e Page 314, just below Equation (9.142): Change “closer to” to “farther from”:

which is farther from unity than the same probability
[Thanks to M. Gutperle, 5/16,/2004]
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e Page 323, Problem 9.10, Part (c¢): replace “A polarization” with “proton spin”:

F(n) is some function of the proton direction, independent of the proton spin.
[5/16/2005]

Chapter X

e Page 326, on the second line below Equation (10.16), change “positive” to “negative.”
In Equation (10.17), in the numerator of the exponent, change ¢? to ¢2. And in
Equation (10.18), second line, change ¢,, to ¢ twice:

A better way to evaluate them is continuing € to a negative imaginary value

2 2 - 2
/dpn exp | tepngn — jeln ) = T')’LTF exp i’y (10.17)
2m i€ 2

_ /Dq exp [z/tt (mTqQ - V(q)> dt] (10.18)

[Thanks to Y. Guo, 5/22/2006]

e Page 328, Equation (10.26): The final exponent should be inside the bracket instead
of outside, and followed by dt. In Equation (10.31), in the first line, inside the large
parenthesis, in the second term, delete the stray “t” in the numerator and in the
denominator:

K (qp, tv; Gas ta) = exp (iS]qo)) /D5q exp [% t 9 §;§O> 5q'(t)2dt] (10.26)
1 [ 82[’(‘].0) . 2 32L(q0) 2
Slgl = Slgo] + 5 | dt 5 [04(t)]” + —5— [6q(t)]
2/0 ( % % ) (10.31)

= Stal+ 5 [ (a0 - oo
[Thanks to N. Robles, 1/30/2005]

e Page 329, Equation (10.38): In the second term interchange ¢ and ¢, and in the last
term in the numerator, change w? to w.

mw2 Q2

Slgo] = % /0 ' (q'(t)2 — qu(t)2) dt = 5 /0 ' cos (2wt + 2¢) dt

— m('ZQ2 (sin(2wtp + 2¢) — sin 2¢)

(10.38)

[Thanks to Y. Guo, 5/22/2006]
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e Page 330, Equation (10.41): On the second line, the minus sign should be inside the
bracket, before ie, not before the integral sign. And on the third line, delete [];—;
and dyg:

INa/ﬁdynexp lze%i —w yn]

n=1
B e -

[Thanks to Y. Guo, 5/22/2006]

(10.41)

8

e Page 331, Equation (10.54): Replace 1/2 by m/2:

Ly _—L( ji) 5 (j—g))Q—i-V(q) (10.54)

[Thanks to Y. Guo, 5/22/2006]

e Page 335, Equation (10.77): Insert —i before the integrals on the last two lines:

ty [e'e]
—i/ dtl/ dq1Ko(qv, t; 1, 11)V(q1) Ko(q1, 115 ¢a, 0)
0 —00

LT (10.77)
—i/ dtl/ dqi1 Ko (g, tv; q1,t1)V (q1) Ko(q1, 15 Ga, 0)
[Thanks to Y. Guo, 5/22/2006]
e Page 337, Equation (10.90), second line: Change “dr” to “/":
ty
K(rp, tp;ra,ta) = /Dr exp [z/ (Lo(r,1) — eA(r,t) - T+ eg(r, t))dt

ta

(10.90)

- /Dr exp iS,[r] exp [—ie/ttb (A(r, £) -t — o(r, t))dt]

a

[Thanks to N. Robles, 2/16/2005]

e Page 338, Equation (10.91a): Change A’(r) to A'(r,t) In Equation (10.92), in the
second line change “dr” to “7” here also, and in the third line add “d¢” after “¢(r,¢)”:

A(r,t) — A'(r,t) = A(r,t) + VA(r, t) (10.91a)
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In the new gauge the propagator is
K'(rp, ty; Ta, ta) /Dr exp iS,|[r

X exp [—ze/ (A(r, t) - ZZ o(r,t) + VA(r, 1) - % + %A(r, t)) dt]

a

_ / Dr expiS,[r] exp [—ie / " (A(r, 1) dr — o(r, )t + %A(r, t)dt)]

a

= K(rp, tp;Ta,ta) €xXp [ie(A(ra, ta) — A(ry, tb))] (10.92)
[Thanks to N. Robles, 2/15/2005]

e Page 347, Equations (10.143) and (10.144): Delete the minus sign before the last term
in both equations:

L
...... B
V x A 10.144
(B) 2B ( )

[Thanks to Y. Guo, 5/23/2006]

Chapter XI

e Page 362, Equation (11.36), delete the “§” preceding the last two integration symbols.
Also, add “dt” at the end of both these integrals.

0=4¢ /t t L(t)dt = /t :QZ / [E0(k,t)0iq(k, t) — w?za(k, t)dza(k,t)] d°k dt

—/QZ/[—%%(&U Wra(k,t)| dza(k, t)d’kdt  (11.36)

1

[Thanks to J. Ma, 4/17/2006]
o Page 382, Equation (11.144): Insert the factor “§ (E; +w — E;)” at the end:

I'=

27rm2

/d?’kZ] (5] €a(k) - pe™™ [) "5 (B; +w — E) (11.144)

[4/26/2005]
e Page 384, in Equation (11.164), inside the integral delete the factor e!“™7:

dO’(UJ) - 47T2O[kjj 1 kj| ’/ —iq-r 77“/(1 d3

0, T (11.164)

[Thanks to Y. Guo, 5/04/2006]
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e Page 389, Equations (11.184) and (11.185), the subscripts of & should be «, not 7.
And in Equation (11.186), third line: Change €, to &%,:!

e2 4 1
4m2z Z (2m)3 E(S'Ys'y‘s'ywﬁ'yym&yw/

noY1727374

1
w+E0—w1—w2—En<

X lwn! p- &, (ka)e ™ |y,) Vo| P - Eay (ko)™ !wn>]

e2 4 1
 4m? ; (27)3 2w

A% —ik/-r 1 2 ikr
" [<wn p'ea/(k/)e ) U)O>w+Eo_W_W_En<¢0’p.€a(k)ek ’1/)">‘|
(11.184)
..... A . 1 . o
XZ<U)0’€0¢ - pe ’¢n>m<wn [SPWAR 8 & 1/)o> (11185)
..... 2 4 ) . )
T m2n) Vi @5 (11.186)

[4/19/2006]
e Page 399, Equation (11.230), last line: Change 7° to 72

1 6a 1 3 3aw* 1 72
_Lfbap lpT o _dawe L™ 11.230
o2m |t * 127463 * 2 720 a3 * ( )

z=1/w.
[4/27/2005]
e Page 404, Problem 11.8, first line of Part (a): delete the factor e’*T:

(a) First convince yourself that the matrix element of p - A(r) indeed vanishes to all
orders in the expansion of e’¥'T.
[Thanks to D. Staszak, 4/29/2005]

Chapter XII
e Page 410, Equations (2.21): The equations should be more general:

where all the diagonal elements vanish, and

J3)° ;=) 0=0 (12.21a)
(3i)" & = —i€iji (12.21b)
(K;) » =0 (12.21c¢)

' ( )

(Ki) o = (Ki)° j = idy, 12.21d

IThere are similar corrections to the subscript of €* on the next three pages also.
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[Thanks to J. May, A. Forrester, and others, 5/20/2006]
e Page 416, Equation (12.64): change —gA° to +¢qA°:

% +qae| o) = Blo) + LA 40y (12.64)

[Thanks to Y. Guo, 5/24/2006]

e Page 416, Equation (12.67): Change the sign of the last term inside the large paren-
theses from minus to plus:

1 & I(l+1)—a? 2 —m?
(__ Wt —a®  wa u) u(r) = 0 (12.67)

2m dr? 2mir? mr 2m
[Thanks to M. Gutperle, 6/09/2004]
o Page 424, Equation (12.122) replace D(K;) with 2D(K;):

S =ia; =2D(K;)  and XY = e (12.122)
k

[Thanks to Y. Guo, 5/24/2006]

e Page 426, Equations(12.142). On the second line, change p?/8m? to p?/4m? and
p*/8m? to p*/8m?>:

p*
2m /(bl |:1 - —:| 2¢1 T = /(bl [% — SW] (bl( ) 37" (12142)
[Thanks to F. O’shea, 5/20/2006]

e Page 427, Equation (12.148): In the denominator, replace 72 with 73:
A== [ o) s Ln(r) d? (12.148)
2 = om2 1 (r Tgs 1\r T .
[Thanks to Y. Guo, 5/24/2006]

Chapter XIII
e Page 441, Equation (13.28): On the right-hand-side, delete the minus sign before the
first term:
1 i 3
H=— [ VU'(r) VI(r)d°r
2m

+%/v(rl,rg)\IJT(rl)\IJT(rg)\Il(rl)\Il(rg)d?’rld?’rg (1328)

[Thanks to D. Ramunno-Johnson, 5/18/2005]
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o Page 444, Equation (13.49), insert “|)” after b!:

i, j) = bty (i #5) (13.49)
[Thanks to D. Staszak, 6/14/2005]
e Page 444, two lines above Equation (13.53), change “kT” to “1/kT”:

the relative population of any two states is exp[3(E(,) — E(n,))], where 3 = 1/kT.
[Thanks to A. Collette, 5/18/2005]

e Page 464, in Equation (13.183), the second H should be H,, and in Equation (13.187)
on the left, Hy, should be Hj ..

H= /H(x)dgx =H,+H = /Ho(x)dgx—i-/?'{/(x)d?’x (13.183)
Hp, =03 (p1 + P2 — p3 — pa)Hj, (13.187)
[6/01/2006]

Appendix

e Page 484, Equation (A.109): There should be a factor 1/2!! in front of the last two
terms:

d? (141 Y
= [P p)| = #_1 ph{M (p) + 2i(1+ 1) 2= 26 (1 — 22)ldz
dp p 200y

prr i 2\1+1
+W . e (1 — 23" dz
(A.111)

[Thanks to E. Brown, 2/13/2007]

e Page 494, Equation (1.166): A factor “r?” is missing from the denominators in the
last two terms:
10 ,0f 1 o0 . 0f 1 o2f

) 19 ,0f g aj gJ
Vi) = r2ar or + r2sin 6 96 5111989 N r2sin” § 0¢?

(A.166)

[Thanks to M. Mecklenberg, 11/16/2005]



