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Solution to HW#8
Chapter 9 # 3, 5, 9, 14, 15, 17, 18, 23
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Yields 8 sets; 2n% = 2(2)2 = 8. Note that the number is twice the number of m,; value:
Also that for each [ there are 2I+1 m; values. Finally, I can take on values ranging

n~1
from 0 to n—1, so the general expression is s= ). 2(2] +1). The series is an arithmetic
0

progression: 2+6+10+14..., the sum of which is

s=—;-[2a+(n—1)d] wherea=2,d=4

=%[4+(n—1)4] =2n?

n=3: 2(1)+2(3)+2(5)=2+6+10=18=2n%=2(3)>=18

2(1)+2(3)+2(5)+ 2(7) =32 =2n> = 2(4)% =32

2
0
'S

n=5: 32+2(9)=32+18=50=2n2 =2(5)> =50
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the force, and hence the acceleration. Thus the deflectionis d = %atz, ora= —fg— for the

=0.01 s. Since the field gradient is assumed uniform, so is

acceleration. The required force is then
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The magnetic moment of the silver atom is due to a single unpaired electron spin, so

(4 € h 2
-2 =2 ) oy =9.27%10% J/T.
He (Zm,)sz (Zme)(z) He 10/

Thus,

dB, F, 359x10%N

dz u, 927x10%N

=0.387 T/m.
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99 o Withs= %, the spin magnitude is |} =[s(s + D)Y2n= (————)h The z-component of spin is

2
S, =m,h where m, ranges from -s to s in integer steps or, in this case,
m, = —%, —%, +—;—, +% . The spin vector § is inclined to the z-axis by an angle 8 such that
cos(8) = S,___mh m 3 1 1 3

S @ e e @ as T as”

or 6=140.8°, 105.0°, 75.0°, 39.2°. The Q" does obey the Pauli Exclusion Principle, since the
spin s of this particle is half-integral, as it is for all fermions.
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9-15 = The spin of the atomic electron has a magnetic energy in the field of the orbital moment given

by Equations 9.6 and 9.12 with a g-factor of 2, or U=~p; -B = Z(Ze )SZB =2pgm,B. The
m

(4
magnetic field B originates with the orbiting electron. To estimate B, we adopt the equivalent
viewpoint of the atomic nucleus (proton) circling the electron, and borrow a result from

classical electromagnetism for the B field at the center of a circular current loop with radius r:

2k . . , . .
B= —';—/i Here k,, is the magnetic constant and z=izr? is the magnetic moment of the
r
loop, assuming it carries a current i. In the atomic case, we identify r with the orbit radius and

the current i with the proton charge +e divided by the orbital period T = Eﬂ Then
v

=& ( ze )L where L =m,vr is the orbital angular momentum of the electron. Forap - :
m, .

electron =1 and L=[l(1+1)]1/2h=\/_2-h, SO ﬂ=(2i:.

V2 = 15342 =1.31x10™2 J/T. Forrwe
B J

4

take a typical atomic dimension, say 44, (= 212x107%° m) for a 2p electron, and find

2(107 N/A%)1. 23
B= ( /A%X 31“03 J/T)=0.z76T.
(212x107° m)

Since m; is i% the magnetic energy of the electron spin in this field is

U=1uB=1(9.27x10% J/T)0.276 T)=12.56 x10™# J=+159x107 eV .
B

The up spin orientation (+) has the higher energy; the predicted energy difference between
the up (+) and down (-) spin orientations is twice this figure, or about 3.18 x107° eV—a
result which compares favorably with the measured value, 5x 107 eV. 3
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9-17 ° From Equation 8.9 we have E =(:m7£2 J(nlz +n} +n?)
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(@) 2 electrons per state. The lowest states have
(n? +n2 +n2)=(1, 1, )= Eyy, =04 eV)(1* +12+1%)eV=282eV.
For (n? +n3 +n3)=(1,1,2) or (1, 2, ) or 2,1, 1),

Eyyz =Epp =Eon =94 eV)(l2 +1%+ 22) =56.4 eV
Emin = 2 X (Elll + Ellz + EIZI + E211 ) = 2(28.2 + 3 X 56-4) = 398.4 eV

(b) All 8 particles go into the (n? +nj +n3)=(1, 1, 1) state, so
Emin =8XE11] =225.6 eV.

9.18 © Classically, [L| =|r{p, , where p, is the component of the particle momentum perpendicular to
r. Remembering that p is tangent to the orbit at every point, we see that a highly eccentric
orbit is one for which p and r are nearly collinear over most of the orbit, making p, small
almost everywhere. The exceptions occur at the perigee (nearest point), where r and p are
perpendicular but |r] is small, and apogee (farthest point) where r and p are perpendicular
again. Thus, we expect that [L| will be smaller for the more eccentric orbits. The extreme case
is that for L =0, where the classical orbit degenerates to a straight line.

The quantum probabilities are found by integrating the radial probability density for
each state, P(r), from r =0 to r =a,. For the 2s state we find from Table 8.4 (with Z=1 for

2 2
hydrogen) Py, ()= Ry, () = (84, (f’] (Z'L) e and
0

a0
1 r 2 r ¥ r
P=(8ay)" | (—) (2 —-—) e~"%dr . Changing variables from r to z=— gives
o\ 4 4
P=87[(42% - 42° +2*)p"dz. Repeated integration by parts gives
P=8" (4% - 42° +2*)~ (82— 122% + 42°) - (8- 24z +122)~ (-24 + 242) - @}
=87 {~(1+0-4+0+24)™" +8} =0.034

4
For the 2p state of hydrogen Py, (r) = erZp (r)l2 = (24ay)™ (_r_) e% and
]

a 4 1
P=(24a,) ]u(;r—) e % dr =247 [ z*¢ *dz. Again integrating by parts, we get
o\ % 0

P=247"{-z* - 4z% ~122% - 24z - z4}e"|:) =247"{-65¢7" +24}=0.0037




[image: image9.png]9-23 3 Al spins are paired for [Kr]4d and two are unpaired for [Kr}4d®5s!. Thus Hund’s rule
would favor the latter, but for the fact that completely filled subshells are especially stable.

Thus [Kr]4d" with its completely filled 44 subshell has the lesser energy. The element is
palladium (Pd).




