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5.1.The ionization energy required to pull one electron off a helium atom
is 24.5¢V .If we want to ionize the two electrons one-by-one,what is the
energy to be supplied?
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Solution:The ionization energy required to pull one electron off a helium
atom isAE, =24.5eV

the inization energy required to pull the second electron off a helium

Z*Rhe Z*Rhe
atomis:AE,=E, —E =— —(—
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]: ZRhe = 2°x 13.6eV = 54.4eV

The total ionization energy required to ionize the two electrons
one_bv_one is: E= AEI +AE2 =24.5¢V +54.4eV =78.9¢eV

5.3.Calculate the possible values of LeSforan S :%,L =2 state.

XY S=12,L=2, Wit LS KIFREMH.
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Sqution:S:%,L=2,J=LJ_rS=2J_r
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For “spin-orbit coupling” term, J =S+ 1,7 =S +L +25-L

—2 =2

Then,E-Z:%(J -5 —Zz):%[j(j+1)—s(s+1)—l(l+l)]h2

Szl,L:Z,J:i,E-Z:I— S L (L e+1) =
2 2 202 2 2 2 2
s=tr-os=25r=-L2 L (L s e+1)| n= 1
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5.5.Among hydrogen,helium,lithium,beryllium,sodium,magnesium,
potassium and calcium atoms,which one shows the normal Zeeman
effect?Why?
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Solution:For normal Zeeman effect,total spin §=0,25+1=1,the electron

numbers of the atom should be even,that is,helium(Z=2),beryllium(Z=4),
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Magnesium(Z=12),calcium(Z=20)atoms can show the normal Zeeman
effect.

5.7.According to the L-S coupling rule,what are the resultant states
from the following electron configurations?Which one is lowest?

(a).np* (b).np’ (c).(nd)(n'd)
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fift: (@) np* 5 np® REMEIE TS

K L-SHBEEM, L=l 1,0 +L 1~

+58,,8,+8, =L, lvl—sz |

XF¥np®, [ =1,=1,L=210;s=s5,=1/2,S=0,1, nlCEME, FEMFAH
HIRH, ) ﬁms,m,T & [FJ IS AH 5] ) R 728 A A7 AE

(EIJIL SD MEER AT BIK, FRAEEIK
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b o e R
np* TR TA PR RERIKE S =1, L =1, XFAFRFHETEON 4, p 722 %L
N3, BPERHEFEGE W, JREF, J=L+S =2, BERIKINETENRE.
(b) np’ 5 np' AEMFKIRE TS
StFnp', 1=1s=1/2, MMHETENE,, P,
WAREREE N, BT np’ KRR T8O 5, B0, JR¥ERF, J=3/2, 6
BRIKMIETEANP, .
(¢) (nd)(n'd) AREFERBT, [ =1,=2,L=43,210s =s,=1/2,5=0,];
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5.8.The beryllium ground state has the electron configuration 2s2s .If one

electron is excited to the 3p state,give the resultant atomic states
by L-S coupling.When a transition from these states to lower states
takes place,how many spectral lines can occur?Make a plot which gives
the energy levels and the transitions.If the electron is excited to
a2p state instead of a3p state,how many spectrum lines appear?
PR TSR TSR 2525, HHPA DR THIMKR3p A, #HL-SHE
AR R 38 7 HHIMRHR TSRS . WX R 724 MR REA KL
AL A JUAROGIRZE 7 ) HY A N () RE R ERIE I Eﬁﬁ"%?%ﬂibﬁﬁﬁzp A,
RE A BG4 O Lok ?
fift: MKL-SHEAIRN, L=1+0L,0+1-1-] -
XtF2s2s, I =1,=0,L=0,5,=s,=1/2,§=0,1
FRAE [F)RL R A S ARG . B L+ S = 5%
S=0,L=0X R ETEN'S,
¥ 2s3p, =0, =1,L=1s=5,=1/2,5=0,1

S =8, +5,,8 +5,— L, |y1—s2 |
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253p [A] FERIERT, B& T 133 2525 BRIEAL, Ae4xInl 252 p, 2535 WKL, XFT

2s3s, 1 =1,=0,L=0,5,=5,=1/2,§=0,1,J=L+S=0,1 FERIIEFEH'S,,’S,,
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2s3p P, (5=0.L=1.7=1) ‘
: P, (S=1L=1.7=2)
2s3p Y, [$=1Z-15=1)
. ¥, [Forretaon)
2s3s y g (§=0.2=0.7=0) '
2s53s 3s, (S=1LL=0J=1)

2s2p ‘p (5=0.L=1.7=1)
' 'p, (S=1L-1.7-2)
282p P, (§=LL=17=1)
2825 p, (S=1L=1.7=0)

's (§=0.2=07=0)

AS =0,AL=0,21,AJ =0,41
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5.10.When L-S coupling holds,what kinds of atomic states can be
formed by an(na’)2 configuration?Which one has the lowest energy?What
is the ground state of the titanium atom?
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fifg: WKL-SHEEN, L=1+1,[+1,-1,-,
F (nd)s 1 =1,=2,L=4,3,21,0,s =5 =1/2,5=0,1
FRAE AR R A S ARG . B L+ S = 5%
S=0,L=0,2,40, J=0,2,4XMAKTEN'S,'D,,'G,
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1s°2s*2p°3s?3p°4s3d” , HEBRHFRIZG, FIF3HE, 2 d BT E THREH
T LA RCF,
5.11.A beam of helium ground-state atoms goes through an
inhomogeneous magnetic field.How many beams will be seen at the
screen?Under the same conditions,for boron atoms how many beams
will be seen on the screen?Why?
—IRESKRE FEd e SR, AR ER DR ? MRS,
MR, AR ? A
fit:— RN R T AROEL AR S 5, 5 EEEZ BN E R E T S sl )
PoE (41200, FRT (2=2) EEMHBETAHS LS,

[ =1,=0,L=0,s,=s,=1/2,5=0,1
R F R F AR AR EE . B L+S =%, S=0,L=0XNIETER'S,
HIEERR'S,, BPI=0. Bk, fERF ER g3 —H,
MR (z=5) FEEKBETHE NI 2s*2p",

[=1,5=1/2,25+1=2,j=1+5=3/2,1)2

MR TN, B, HIEESHR,, WJ=1/2. B, R EAEZIPIR.

5.13.Show the atomic states by using the spectroscopic symbol for the
following.

(a) B I (neutral boron) ground state

(b) NaIl(~Na*)ground state

(c) Nalll( Na**)ground state

(d) NalIl,first excited state

filt: (a) R FRESHTHS: 1s°252p',

Ey%):éﬂi? 2p,S=1/2,L=1J=L+S=3/2,12, , MNMEFERN: *P,,,
HEN: 1/2

(b) Na" B HTHE: 15°2572p°, WAINZHE 2p WTE, HEEN: !

(c) Na™ B THE:1°25°2p° , BAINZAL 2p°, 2p° H2p' BHMFIMET
B PPy, XPUNEANRE p BT HN 5, KT p B3, JIRHE
Fe, J=L+S8=3/2,BERENETES (EH) AR,

(d)Na* 55— R ST 1s22s*2p°3s", 2p°3s' 5 2p'3s' BEMFEIMETA,
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XF2p'3s', [ =1,,=0,L=1s=5,=1/2,5=0,1
1 2 1 2
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5.15.For two p equivalent electrons,what are the possible atomic states
which can be constructed in L-S coupling?What are the possible
qguantum numbers of the states?
XFWAFEEp T, L-SHE TARERIE &7 TR 7402
fitg: [RIRET npnp , HCHIEA B, Vﬁ?ﬂ%?iﬁ(n,l,mwmﬁ)5(n,l,ml?,ms7)7ﬁ
R, Blm, 5m, AR, 80 m 5m AR, 503 KEEHAR.
L=L=1m =m =0,tl,n,n, 22
L, Lm AWHEE, Wm —EAR, B, m =1/2,m =-1/2,
im =-1/2,m_ =1/2 (M), My=0
=m, =0,M, =0..5=0,L=0,J =0, JfEF&R: 'S,
(b) m, =m, =+1,M, =%2 -.S=0,L=2,J =2, JEF&AK: 'D,
AnHFE, m AR, B, m, =0,m, =+1,8m =+l,m, =0,M, =0,£1
m o=m_ =%1/2,m =1/2,m =-1/2,M;=0,+1 - S=1L=1,J=L+5=21,0, J&
T&N: P,

(a) m,

X np? HES, TTRENT m, Flm BUE
M, M -1 0 1

+2 (1,+) (1,-)

+1 (1,-)(0,-) (1,+) (0,-) (1,+) (0, +)
(1,-) (0,4

0 (1,-) (-1,-) (1,+) (-1,-) (1,+) (-1, +)
(0,+) (0,-)
(1,-) (-1, +)

-1 0,-) (-1,-) 0,+) (-1,-) 0,4) (-1, +)
0,-) (-1,4)
-2 -1,+) (-1,-)
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