30, 33,36, 39, 40, ¢/ )4:,", 48,
S8, 61,63 6, 67,71,73
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7Ag. Assuming the electron to be a classical particle, a sphere of radius 10~* m
and" a uniform mass density, use the magnitude of the spin angular momentum ISl =
[s¢s + DI A= (3/4)\2 % to compute the speed of rotation at the electron’s equator.

How does your result compare with the speed of light?

7-30, Angular momentum S =Jw = (2/5)mr*(v/r) or
v=(5/2)S(1/mr) =58/2mr=5(3/4)"*v/2mr

_ 5(3/4)"2(1.055x10°*J:s) _ 5 sixiotimls  which i rosghly 837c !!
2(9.11x 1073 kg)(10"m) ’

@ 7-33. (a) The angular momentum of the yttrium atom in the ground state is char-
acterized by the quantum number j = 3. How many lines would you expect to see if
you could do a Stern-Gerlach experiment with yttrium atoms? (b) How many lines

would you expect to see if the beam consisted of atoms with zero spin, but / = 1?

7-32. (a) There should be 4 lines corresponding to the four m, values -3/2, -1/2, +1/2, +3/2.
(b) There should be 3 lines corresponding to the three m, values -1, 0, +1.

.~ 7-36. A hydrogen atom is in the 3D state (n = 3, I = 2). (a) What are the possible
- values of j? (b) What are the possible values of the magnitude of the total angular
momentum? (c¢) What are the possible z components of the total angular momentum?

7-36. (a)j=0x1/2=2%112= 5/2 or 312

® . j(j+l)?:=\-§-(5/2+1)1\=2.96?:

3
= | 2(3/2+1) h = 1.94%
or \ 2( )

(c)J=L+Sansz=.Lz+Sz=m.h+m,1\=mjhwheremj=—j, -j+1, ... j-1,j. Forj=

5/2 the z-components are -5/2, -3/2, -1/2, +1/2, +3/2, +5/2. For j = 3/2 the z-

components are -3/2, -1/2, +1/2, +3/2. (a“ Limes 'k)

e

7-34; Consider a system of two electrons, each with/ = 1 and s = 1. (a) Neglecting
‘ spin, what are the possible values of the quantum number for the total orbital angular

momentum L = L, + L,? (b) What are the possible values of the quantum number
S for the total spin S = S; + S,;? (¢) Using the results of parts (a) and (b), ﬁnd.the
possible quantum numbers j for the combination J =L + S. (d) What are the possible

quantum numbers j, and j, for the total angular momentum of each particle? (¢) Use
the results of part (d) to calculate the possible values of j from the combinations of j,
and j,. Are these the same as in part (c)?

fr-ve)
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/VL]:fc: 3740
];,Qt-_— 1, 3= les For each of the twe elections .
(@) T = L, + L, Using the general rule on p. 315 for add.‘;,“::zfa:“::x?m
Leflishe, Liwli-t, .., R-2]F, °
feftrr, Lotoa, .. Jt-1)F s L ejz2 1,08

) S5=3 +5..

s€3SLS., Si¥S -1 . s, -5.|% | er

L +d _
seitrd, Trb-o 4T, se |s e $1,0F]
- (©) 5’-:. t*g
y€ I l+s, Res-1, ..., u-s\},

us,‘,,j the fors':”c values of X a...,L».s. Found i @ and (B
above we can meke a talle of Valyes o y ¢

X s osible values o'PJ
=*1 4 3,2, 1
2 0 2
! 1 2,3,0
1 (o) 1
o) 1 i
) 0 o
\ —
(.‘L) 3—1 = LL * 51 ’ Se .Ji- € 2114'53': 11’ +51—1’ ) ui-st'f
Oy :]1 € { 1-!;' 7 %S
§3m'c‘ar\) 5 ‘ 3:. € Z i-’L') é—'§ { .

(r.T.0)
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(cont ’&) |

- -
@ T = Ty + T | so

.‘j € iju'f)z, KTUE A THES SRPO _,lj,_—_‘),__l } , _D““f’,‘?‘,;"j the
?pss°|b\0 Va‘!-\CJ OP :)1, a..,L j.._ EF,O”‘ r"_t (J,)] " a ‘&aL}z)
a\onj W'\t)‘ kl\z wrmrmﬂi‘? foss'.b’o, Va,ue.s o‘F \) we 'Final, T

. porsible Vales of § |
1i 11 3,2, 414, 0
14 < 2, 1
<+ 13 2, 1
4 % 1, o0

No'bl'ce, 'ﬂ.“t as 'Fay- as "Hve, Vvalue.: O'F jdre, Ccncernu[_)

the tables n fd":&-’ ) aad () avre identical 3 Arrear;

once, 2 arfears | three 'hme.s )

1 ar}?edrx | ‘R\AY‘ ‘e‘ime‘ :
and O arfemfs ‘bwice,. ﬂus we see 'El.xk ‘e‘)e_ meﬂwd,s

B.a.) +(0) + {c)] and [@') +(e)] are eg_dwo.\en'\‘: 'Rr' the Ca'm.lat'on

of 3 ‘rl,;_, Vs na't Y'ea") S“"r"l‘:;»j' Since \/eo'to;»- aidg'bo—.

s beth commutative and otss;»c‘m-b.'\,&_’ i e.

I = L+§ =<z1+zz> "'(—S'L"'—S.z)

(L, + 3,) + (E. +5)

3 4+ =

- N e

i

il
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7-40, The prominent yellow doublet lines in the spectrum of sodium result from
transitions from the 3P,, and 3P,, states 40 the ground state. The wavelengths of
these two lines are 589.6 nm and 589.0 nm. (a) Calculate the energies in eV of the
photons corresponding to these wavelengths. (b) The difference in energy of these
photons equals the difference in energy AE of the 3P,, and 3P,, states. This energy
difference is due to the spin-orbit effect. Calculate AE. (c) If the 3p electron in sodium
sees an internal magnetic field B, the spin-orbit energy splitting will be of the order
of AE = 2, B, where p, is the Bohr magneton. Estimate B from the energy difference

AE found in part (b).

7- 40. (a) E,, = _hxc_ Using values from Figure 7-22,

_ 1239.852eV'nm _ , 10505 o5 E,, = 189852eVmm _, 10501 oy
¥ 588.99 nm 589.59 nm

() AE = E,,, - E, , = 2.10505 eV’ ~ 2.10291 e}’ = 2.14x 10 eV’

AE _ _214x10%eV _ oo
2,  2(5.79x10°%el1T)

(c) AE=2p,B = B=

7-41. Show that the wave function of Equation 7-59 satisfies the Schrodinger equation
(Equation 7-57) with V = 0 and find the energy of this state.

T 2w
741 g, = ¥(x, ,xz)= C sin% sin sz, Substituting into Equation 7-57 with ¥'=0,

W az¢12+32¢12 2| ¥ . n? _

. . .o SRR
Obviously, ¥,, is 8 solution if E = -ZTL-; .

@ 7-42. Two neutrons are in an infinite square well with L = 2.0 fm. What is the minimum
total energy that the system can have? (Neutrons, like electrons, have antisymmetric wave

functions. Ignore spin.)
252 . . . e e
7-42. E = B th: . Neutrons have antisymmetric wave functions, but if spin is ignored then one
L_,_,Z_Z—/ is in the » = 1 state, but the second is in the n = 2 state, 30 the minimum energy is:

(€ 6;24')“) E=E,+E, =(12+2*)E, = 5E, where
7)1

E = (he)*n? - (197.3)*n? =SLIMeV =5 E=SE, =255MeV,
2mcil? 2(939.6)(2.0)

(Hprb we have “U'e& ’kc 2 177-3 Mev--"m and Mc-‘- = 929. 6 MQV)

(ﬂeut"ﬂ)



748 If the 3s electron in sodium did not penetrate the inner core its energy would
be — 13.6 eV/32 = — 1.51 eV. Because it does penetrate it sees a higher effective Z

and its energy is lower. Use the measured jonization potential of 5.14 V to calculate
Z.,; for the 3s electron in sodium. o

, 2
748 g = ZgE (Equation 7-25)

P e PR e
o E 13.6eV

7-58 The relative penetration of the inner-core electrons by the outer electron in

sodium can be described by the calculation of Z_, from E = ~ [Z2,(13.6 eV))/n? and
comparing with E = — 13.6 eV/n? for no penetration (see Problem 7-48), (a) Find
the energies in the outer electron in the 3s, 3p, and 3d states from Figure 7-22. (Hint:
An accurate method is to use — 5.14 eV for the ground state as given and find the
energy of the 3p and 3d states from the photon energies of the indicated transitions.)
(b) Find Z, for the 3p and 34 states. (c¢) Is the approximation — 13.6 eV/n? good for
any of these states?

7-58. (a) AE =hc/A

1240eV-nm
589.59 nm

EGP,,)- E3S,p) = =2.10eV

EQBP,,)=E(3S,;) +2.10eV =-5.14eV +2.10eV = -3.04 eV

1240eV¥-nm

——=152¢€¥V
818.33 nm

E(D)-EQGP,,) =

E(3D)=EQ@3P,,) +152eV=-3.04eV +1.52¢eV = - 1.52eV

(b)
3.04eV
. Z =3 - =142
For 3P: 24=3\ T36er
1.52¢eV
3D Z.=3,|% - 1.003
For3D: 24=3\ T36er

(c) The Bohr formula gives the energy of the 3D level quite well, but not the 3P level.
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of strength B = 0.05 T. (b) Use the result of Problem 7-60 to calculate the wavelength
changes for the singlet transition in mercury of wavelength A = 579.07 nm. (c) If the
smallest wavelength change that can be measured in a spectrometer is 0.01 nm, what
is the strength of the magnetic field needed to observe the Zeeman effect in this

transition?

7- €\, (a) Find the normal Zeeman energy shift AE = e# B/2m, for a magnetic field

7-61. (a)AE=-2"-’l = (5.79x 10 eM77){0.05 T)=2.90x 10"V
m N e’
""“\ e )

(579.07nm)(2.90x10°8e¥) _ 5 o2 10-%um
() |AA[= AE 1240 eV-nm

(c) The smallest measurable wavelength change is larger than this by the ratio

0.01 nm /0,000783 nm = 12.8 The magnetic field would need to be increased by this

same factor since B = AE « AA. The necessary field would be 0.637 T.

7-63, Show that the cxpectation value of r for the electron in the ground state of a
one-clectron atom is {r) = (3/2)ay/Z.
: ) 1 Z n -Zria,

P(r) =4nr? g0, 4 (Equation 7-32)

{73
2 Z3 -ZZrIa 423 rze-ZZrla.

3¢
na, a,

=4xnr

(r) = [rrey = [AL rse Horar Recall

0 o Qo -
n
N

o

a 4z 22

[-2

a, .| 2Zr > azria a,
=2 *d(2Zrla,) = —2x31 =
4Zf ) e (22rla,)

e

P o dx

-
-

n!
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7-6C. .Find the minimum-value angle between the angular momentum L and the z
axis 1or a general value of /, and show that for large values of [, 8, = 1/1'2.

7-66. 6, =cos”[mh/ I+ 1) 4] with m, = 2. Refer 4o Fg.?—t)
| p- 277

cos 6, =0/y/I(¢+1). Thus, cos?®__ =2/[¢(¢+1)]=1 - sin®0_.

2 Y -

mmin 0e+1) - oe(e+1)  e(e+1) R(R+1) R+l

]

1
2+1

17
And, sinf_, = [ ] For large ¢, 0, is small. Then,

. 1 Y7

7-67, The wavelengths of the photons emitted by potassium corresponding to tran-
sitions from the 4P, and 4P, states to the ground state are 766.41 and 769.90 nm.

(a) Calculate the energies of these photons in electron volts. (b) The difference in
energies of these photons equals the difference in energy AE between the 4P, and
4P,, states in potassium. Calculate AE. (c) Estimate the magnetic field that the 4p
electron in potassium experiences.
7-67. (a) E, =hf=hc/A =1240eV-nm/766.41nm = 1.6179 eV
E,=hf=hc/)A, =1240eV-nm/769.90nm = 1.6106 eV
(b) AE =El -E2 =1.6179eV - 1.6106eV =0.0073 eV
(C) A)’ n EKAmrIe 7“/‘) f. 3‘7/ 4E ,'32./1433 # B = J

o B 0.0073 eV :::.

2 (s79%107% s_.“_i)

7-71. Consider a hypothetical hydrogen atom in which the electron is replaced by 2
K- particle. The K- is a meson with spin 0, hence, no intrinsic magnetic moment.
The only magnetic moment for this atom is that given by Equation 7-43. If this atom
is placed in a magnetic field with B, = 1.0 T, (a) what is the effect on the 15 and 2p
states? (b) Into how many lines does the 2p — 1s spectral line split? (c) What is the
fractional separation AA/A between adjacent lines? (See Problem 7-60) The mass of
the K° is 497.7 MeV/c2.

7-71. p=-g ugl/h (Equation 7-43)
(a) The 1s state has ¢ = 0, so it is unaffected by the external B.

The 2p state has ¢ = 1, so it is split into 3 levels by the external B.
(b) The 2p — 1s spectral line will be split into 3 lines by the external B.
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My m
veduced mass i/u. = ——F

my 4 MP

) (e nt'd) (c) In Equation 7-43 we replace pp with ki, =eh/24 ,50 =(417.9(138.3) Moy
' " 4172 +9383 <

n, == (1)(1)(eh/2u )=- uB(m//u.,,) (From Equation 7-45) =>
Then AE-= F‘B(’”/}" )B
= (5.79% 10-%eW/T)[(0.511MeVic?)/ (3253 MeVic )|(1.07),
o AE = Tyx eV
Ar__ —)l-AE (From Problem 7-.,60/'whe'r'e A for the (unsplit) 2p — 1s transition is
¢ cf Es-2¢4)

A
3 .
givenby A =hc/AE, and AE, =E,-E, =- l3.6ve/m‘)(l -1/4)= 6:Fx10” eV

and A = 1240eV-nm /699 % 10%eV =" 0-19/ m

and Ad _ 0.19¢ nm( 9.1 x107%¢V) _ ﬁ‘f'}( /o __.“/

A 1240eV-nm

than the internal field seen by the electron as a result of its orbital motion. In the
vector model (Figure 7-29) the vectors L and S precess rapidly around J because of
the internal field and J precesses slowly around the external field. The energy splitting b
is found by first calculating the component of the magnetic moment 4, in the direction
of J and then finding the component of J in the direction of B. (a) Show that u, =

<-73, In the anomalous Zeeman effect, the external magnetic field is much weaker 4B

l‘_'_J- can be written
J (7
Hy

py = —%j(Lz + 257 +3S-L)
() FromJ2=(L + 8S) - (L + S) show that S - L = 3(J2 — [2 — §2). (c) Substitute
your result in part (b) into that of part (a) to obtain

=_HB 252 c2_ 2 .
By = (3J% + §2 - I?) Figure 7- 29
2hJ Vector diagram for the
total magnetic moment

(d) Multiply your result by J,/J to obtain when § is not zero. The

moment is not parallel to
the total angular mo-

2 2 _ J2
= —#3(1 + J2+ S L ) :I_Z mentum J, because p,/S
272 % is twice uy/L. (The direc-
' tions of pi, pte, and p
7-73, ())J=L+S u=-py(L +2S)/n (Equation7-T1) this drawing For oS m
this drawing for greater
clarity.)

_ud _[-ns(L+28)/0]-[L + 5]
LT 7

=-Y8(7.1+285+35L)
v i

—-%(L2+2S2+3S-L), (P10,
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@@ont’i) ) S2P=TJT=(L+8)(L+S)=L-L+SS+28L - S L= %(J’-L’ - 8?)
©) SQLSt;'&u{TI.—D) the result of (b)) inte the r;csu/'l: of (a) gives
= 22 (1?4 25"+ 35.T |
- 4 e (L +25 + 3s L)
= A8 1 P r28" 3[4 (c- 1 - }
S )
= 8 (2174 45 +35°- 310 -35Y)
24137 .
/,( = "'/“B :r’- > 2 , . ED.
= [ > Py (3 +S ) . Q.
(4') ﬂe ‘C"ml’onent of )43’ in .'u“— Zz ;Aiact"on ["°t'.‘"-r t""f

Lhis v no‘t’ n jenera‘l the same as the é"'“?%en't °~P/-44" (!)J

. b Fem Note Ehat 3x &
is gwen by 7 - & .
= . - Ms - ) Tz e cesine of the
My E MAs R = (33 +S —-L )== e that T makes|
> 253 = e the —axis,
- N = SR AT SUE Y
2T LY 23\ *

Q. E.D.

kN a L W -3-
ov /“e"’/“s(i"’ —U—-tz—.s;._“—h)—#i

[ Uiy 5= 3G, S

= 5(54-1)) L"=,Q(£41), S m-&

T g, = M
*

*
(‘;uatf.,. ’7—6.‘7) we Lava) -F'b,., ) above

AE = ugB 1 + 3‘5**>+sfs+u-w+1)} M em
B S 25(3+1) .2

)] 6oy

e

ad AE = -t

Jf’:‘&:ry
= 1 + j(jﬂ) +S(s+1) -2(L+1) 2-T3) -+« the Landd
\ 3 25 (j+1) Eﬁ'( ) “

J 'Pﬂ Gtﬂ"

e



