1)

Ge/Ay 132
Problem Set #1 Solutions

a) Rydberg constant (classnotes, p. 17)

b)

Rw = Roo/ (1 + mdM)

M=mass of 12C>* = 11.997 amu
me=eledron mass= 5.4887%10™ amu
R o =Rydberg constant for infinitely large nucleus=109737515Zm™

==>Ry = 109732304cm*

Transition frequency Yo =G/ %o
Wavelength in air A =X/nN
where n = index of refradion (given in problem)

v =R*Z2* (U2%- Un®) =1/ %
For Bamer, n=3,4,5,...
For Pfund, n=6,7,8,...
for C, Z=6

also given,
har = (140) V v

For the Balmer series,

H a line (n=3)
v~ = 54886151% cm™*
Vo = 1.64510'° Hz
n = 1+7.5x10°
A =182248A

H B line (n=4)
v~ =7406930513cm™
Vo= 2.220541%10'° Hz
n =1.0000789
A =1350A

Hy line (n=5)
v~ =8295762175cm*
Vo = 2.487x10'° Hz



n =1.000079835
A =120534A

VI=R*ZZ* (1U22- 1) =1/%
For Pfund, n=6,7,8,...
for C, Z=6

Pfund a line (n=6)
v™= 4828221372 cm*
Vo = 1.4474643%10" Hz
n = 1.0000319202
A =2070495A

Pfund (3 line (n=7)
v~ =7739486577cm™
Vo = 2.320%10" Hz
n =1.000041903
A =1291534A

Pfund y line (n=8)
v~ =9629009667cm™*
Vo = 2.8867(«10"° Hz
n =1.007258
A =10377752A

Thefirst two lines with n"=100are n= 100— 101 and n=100— 102

for N=100— 101
v~ =7.7837756Zm*
Vo = 2.333517%10" Hz
n =1.000272612
A =1.284mm

for N=100— 102
v~ =1526380cm™?
Vo = 4.576X10" Hz

n =1.000272612

A =0.6550mm
Classicdly, an = (n?/Z)*a, = (1007/6)*0.52912 A =881A
¢) From classnote 1.36, For alevel (n,l,)),

Enj ° = a® [j(i+1) - 1(1+1) - s(s+1)] * Z*  (au)
2(1+1) (1+1/2) n®




For n=2; 1=0,1; s=1/2 the energy levelsare 2°Sy, , 2°Py;, , 2°Psp

The energy difference between (n,1,1+1/2), (n,I,1-1/2) dueto spin-orbit interadions,
isgiven by classnote 1.36

AE® = (Z%a% 2n®) * (1 1(1+1) )

So the splitting between 2Py, and 2°Ps, is4735853cm™
For n=3, the energy levelsare 3°Sy;,, 3°Py,, 3°Pa , 3°Dasz , 3°Dsp2

the splitting between 3°Py, and 3?Ps, is1403216cm™

the splitting between 3°Ds, and 3Dsp, is 46.7738cm*
S0 AEP 5 < AE 5 .
d) Ha transition n=32, the energy is given by classnote 1.40

E= -22 - Z*a®* [ 1 - 3]

on? o U2  4n
So the schematic diagram is
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Seleaion rules for eledric dipole transitions in hydrogen-like aoms are
Al =+1
Aj=0,x1
Am=0,x1 (when external B-field exists)
no regtriction on An
Thisresults in those 7 transitions indicated in the @ove diagram,
obviously Ez=Es
E]_ = E2
and
Es>Ei>E/>Es>E4
Also, from ¢) we know
AE®3p < AEP 3 < AE®p

And, AEzp =0.000639352u < AE;7 = 0.001305348 au

So the spedrum should look like
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2. Call = unfilled shell 4s1, similar to alkali metal Kl

a) the lowest five terms are =4°Sy, , 3°Dsy2, 312 ,4°Pa2.112 » 5°Su2 » #Dsyz, 31

And the schematic energy level diagram is
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b) In the sharp series, NS — 4P (n=5,6,7,...)

The first doublet is ~ 5°Sy,— 4°Py, and 5°Sy, — 4°Py;,

¢) The spacing between the above doublet isthe energy difference between
Consider the principle series=nP — 4S (n=4,5,6,...)

the spacing for the first doublet, 4°Py, — 4°Sy, and Py, — 4°Sy,

is also the splitting of doublet 4°P

So the spacing of this doublet is A1 - YA, = 222.959cm™

d) Thefirst ionization potential corresponds to the series limit of the principal series
transition from 4%S,;, —

So E(4°Sy; — ) = E(#Py, — ©) + E (4°Py2 — 4°Syp)
=957554 cm™ =11.8722¢eV



3)LS coupling:

a) 3p4s: non equivalent eledrons, simply

L:|1+|2, ,D|1-|2D
S=g+%, ...,05-50
J=L+S, ...,00L-SO

parity =% | = 1 = odd

termsare: 3P2,1,0 ) 1P1

b) 4d5d : non equivalent eledrons, same & a)
parity =% | =4 = even
termsare %Gs43, *Fazz, *Dazi, Paio, S (1)
'Gs, R, D2, P, 'S (s50)
c) 3df : equivalent eledrons, neal to consider Pauli's Principle.

List all posssible distinct states, then draw a Slater diagram (seeclassnotes p. 29)
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Chedk for the largest M, :
for OM_ O=4 (s=0), wegot9 staes] G,
for OM_0=3 (s=1), wegot 21 states [ 3Fy 3.
for OM. O=2 (s=0), wegot5 states] D,
for M 0=1 (s=1), wegot 9 statesd 3P,19

for OM_0=0 (s=0), wegot 1 state 0 'S

in summary: 'Gy, Fa32, D2, *Poio, 'S0,

d) 3p* 4s

Sincethe total spin and orbital angular momentum of a closed shell are zeo, 3p* 4sis
the same & 3p° 4s

parity =% | =4 = even
equivalent p? givesterms. 'Sy, °Ps10, D>
Ii)i)4s coupling with p? are nonequivalent electrons

L4s=0, Sis=%

So the terms are ’Swz, *Ps, a2, 12, P12, D, a2
e 2p°4p:

parity=21i=1; +l,+13=3=0dd
same & d) first p? gives'Sy , *Po10, D2

e Lp=0,1,2
Sp=0,1,0

couple with nonequivalent 4P Lsp=1, Syp=1/2
So theterms are

4 2 4 2 4 2 2
Sz, “Suz, Pz, 32,12 Pa oz, "D s, 32,12, D, a2, Fae, se



f) 3p°:
parity=3li=1; + 1, +13=3=o0dd
from e) we rule out
’F sinceal M. =1, twoMg=%
‘D  sincetwoM_ =1, dl M=%
‘P sincetwo M, =0, al Mg=%
S duplicity

4 2 2
so we have Sz, Paz, 12, Dz, 3e



4)

a) For the ground configuration 15> 2* 2p°, terms arein order of increasing energy:
*Ss2, *Dsp, “Da s *Paz s P

For the excited configuration 1s” 2s 2p", terms are in order of increasing energy:
*Psi2 , *Paz, Puz , Dz “Dar, Pan , Pz , *Sie

So the schematic energy level diagram is.
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b) Listing transitions

I) Allowed by eledric dipole

The rules below apply for eledric dipole transitions:
AJ=0, +1 (but J,= 0 — J,= 0 forbidden)
AM =0, 1
parity must change (A X |; = 1)

i) with strict LS coupling these alditional rules apply
AM| =0, £1 (for sublevels)
single eledron transitionsonly (A1 =+1)
AL =0, +1 (but L,=0 — Ly = 0 forbidden)
AS=0
“Pua, 32, 52 — “Sar2°

2 2 o 2 0
Sip — Py, P



2Pyy — 2Py® , ?Pyp° , “Dsp° , “Dap°
2Py — 2Pap° %P, Dsi® , *Da3i®
’D 3 Py, °Pu®, Ds® , °Dap°
Dy — 2Py, *Pu° “Dsp’, “Da°
19totd
i)For LS coupling including spin-orbit and configuration interadion, the rulesin
part i) arerelaxed:
Py — 1S3° , 2Py, PPy°, D3’
Py — Sg° , “Pap° , 2Py’ 2D’ , °Ds°
Py — 1S3° , 2Py® , “Dap’ , “Dsp°
D — *S3° , %Pa° , 2Py, “Ds® “Dap°
D g — S3° , 2Ps° , Dy’ D3
2Pyp — S3° , *Pa° , 2Py, “Da3°
2Pyp — 1S50° | 2Py, *Pu° *Dsi®, “D°
2Syp — S32° , D3’ L, 2Pa® 2Py
35total
I1) Allowed by magnetic dipole
AJ=0, £1 (but J,= 0 — J, = O forbidden)
AM =0, £1 (only important for external fields)
no parity change

i) with strict LS coupling, these additional rules apply

An #£0

Al #0

AS #0

AL #0
O no transitions can occur between levels of the same term,
s0 the allowed transitions are:

2 0o 4 0o 2 0o
Piuz” — "Sze” , “Dap



2 4 0o 2 o 2 0o
Paz — "Sgo” , “Dsio, “Da
2 0o 4 0o
Do — "Ssp

2 0o 4 0o
Do — "Sap

and
*Daz — *Ps2 , *Par2, *Pu2
’D s — “Psz, *Par
*Py2 — *Pa2, *Pu2 , “Dap
*P3y2 — *Psiz , *Pa2, *Puz, Dy , “Da
>Sip — “Pa, ‘Pz, “Dar, P32 , Pz
25total

i) LS coupling including spin-orbit and configuration interadion
transitions between levels of the same term are allowed:

2Py’ — Sy° | D’
2Py’ — S’ , Py’ “Dsi’, “Dar’
D gp° — Sy°
’D 5°— 'Sy , “Dap°
and
“Pip — *Pap
*Pa— *Psp
*Dap— Psiz , *Paiz, Pz , “Dsy
’D g — Py, *Pap
2Pyp — Papp, Pz , “Daiz, *Pa
>Paz— *Psj2 , *Paj2, *Pu2 , “Dsp2 , “Da

2 4n 4 2 2o 2
Si2 — "Pap, "Puz, “Daja, “Paz, “Puz



31ltotd
[11) Allowed by eledric quadrupole:
AJ=0,+1, £2 (with,+} = 2)
AM =0, £1, £2
no parity change
i) with strict LS coupling, these additional rules apply
Al # 0
AS=0
AL =0, 11, +2 (withLy+ Lp = 2)
Al=0, 2 (but |, — I, forbidden)
so the allowed transitions are:
?Py,° — *Dg°, °D3°
’Py° — %Py’ °Dsi’ “Dap’
’D 52°— “D3;°
6 total
i) LS coupling including spin-orbit and configuration interadion
Theruleslisted in part i) are relaxed.
In addition to those in 11) i), the following transitions are also allowed:
’Py° — Dsp°
>Py> —='Ps2 , *Dsp2
“Py — “Psp
’D sz — P
>Sy> — *Psiz , “Dsi2

38totd



