CHAPTER V

Da®.. 4UD RESULTS

S«1 Energy Spectra

The necessary parameters required for construction of the

potential are obtained from - spectroscopy. ilecause the energy

l]
(l.oore,1949) while the required

spectra are usually given in cu
unit needed in our construction is the rydberg unit, we divide the
quoted energy spectra by the sydberg number (109,737 cm— 3

Normally, the spectra tables give splitting levels of a degenerate

state. BDecause our calculation do not need the various energy levels
of the degenerate state, we averagc the degenerate state by using
the splitting factor for each cnergy level as a weighting factor.

The energy spectrd in the rydberg unit, éMl<€KP) ,0f the
alkali series are given in table 5.1 . The energy levels with less

than seven digits are given for core states (5later,1950).

5.2 Na Lffective Potentizls

5¢2.1 The Prokofjew's potential
The I'a potential constructed by Prokofjew(1929) is tabulated

in table 5.2

5.2.2 The Newly Comstructed iz Potential
‘“he quantization condition is quite good for f states
when we assumne CQ(Q): ? » “e have calculated QMh» for each state

and get the followiné results.
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State Li Na K Pb Cs
1s bo77 79.4 266.2 1120.1

2s « 3962944 | 5.2 20:2 152.7

38 1403677 « 3777265 560 24,3

Lg +0772330 1431617 « 5190406 2.7

98 Oh7274L¢ 0751718 1724254 | (3070228

6s 203129190 L0L626562 06350355 | 1235474 | 2062062
78 .0229580 +0313%262 C LOU31543 0672491 | 1172939
Us .0285693 0423219 | 0646062
9s 0215211 .0290830 | 0409713
2p 2604767 | 2.0 22.2 15445

op 1140745 . 2251020 1.01 16.3

4y 06,9510 . 1016752 2003574 1.56

5p 0407455 0535927 0950248 1909436

6p 0252167 0578505 0549219 .0904379 | .1509736
7p L035G757 .05%1516 | 03675863
8p 0253471 0350255 | 0514197
5d 1112146 +1115770 . 1227911 347

Lg 0625491 06283570 069570 . 1306410

5d . 0400261 0402139 JOL3ORLD 0720000 | 1555402
64 00277931 0279059 20302017 | 0455374 | .0801211
74 0204191 0219741 0310743 | .OL7200
...... be csosmsecadan o _,_-_.r..‘.___._.._.-_-_ i e e ian sl . o G ol e ol
Lf 0624370 0625240 0627157 0623702 | L06%1920
5% 0399390 0400243 04017348 0402191 | 0404178
6f .0277902 0273561 0279150 | ,0280404
i o 0204169 .0204608 | 0204094 | L0205317
of 01563545 0156627 0156066 | 0157440

Table 5.1 iinergy spectra, émf(exp), of the alkali series
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Tuble5.2 The Prolofjew/ /= votential

state ﬂmh

4t Ge26
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We now let
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Qqe) = P T 67K § K o0 ;
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N
\
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Using the energy spectral duta, we met for the d states (eqo(L.5,18):

state O(,\ ?m‘,yl
3d .010030 3409

i ot oy s i
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od « Q0I5 6 a6

After averaging the ahove d413_w@2c0ﬁyuting §|‘znd 6} (eq.(k. 021))

QU = 008853¢ +.890307 ¢ +.404561, 26<pGH6,(5.2.2)
‘he results of our determinetion of the par.uneters of (Q(Q) for

1s state are
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state

ﬁnin

SO 1505
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- .005457 « 16
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ifor the new intcrval, we let

Qb(@ 11? 5

pince g?(nof 2p state in matching with the 1s state is found to
\

0< e L0 SR

be .157, we get

2
Q;;(?) -~ 26716060 +11.60830 —, 003453 .01 <9< .16 (Ga2.%)

. N - b 4 PR 3
tn=1,s states, we get

5y matching the np staites with the

state

2p

§;ﬂ?
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Using tue same proceduwrg . used on the dgtites, we get

. |
Q4(g) = "2510%20+3.992440+.594502 . .16{9<106  (5.2.5)

The two matching frctidns"areV sz’ Mopenaiit ')

Qo) = 179219 91—5.12%29%,424%, 106<¢<1T0 (s o 6

Aelle

Q) =

Z
T.0099%2¢ +.49 52410 +.222965 170 @< 316

The total result is tabulated in tadle e LHIB

is »nlotted i

against the Pro:ofjew potenti.l.
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f)’ = O 4o « 1 ’T‘g{s)f} 1@

= .0 A6 ~26.76060 +116083p ~.00345%

= .16 1.06 . ~2.51082¢ +399244 Q +594502

= 1406 1,70 2 179214 ¢ = 5.12942.0 +5.4293,,
= 1.70 3,16 —.00f1233§z+,qq'5241 P +.222465
s P A 6.76 L0088530" +.203079 +. 40456
= 5,76 oo " p

Table 5.3 The constructed lia potential

He2e» The Na Potential with -Polarizstion

Yhen the polarization tern is inserted, we have to

1.0

B ol

Lo

determine the parawmeter 5 LiAdHhle é Sor
because it is the lowvest state snong other f states. This
>

determination gives
: 2 ) r - -
Qé(?) = ? {3 -525262/? 5 g‘24<?\ o) {:_),2‘,3)

The other steps are the sane as those nentioned in section H.7.2.

s

The result is tabulltedaimtabler i s

? (i o tO .(.)1 ‘,'\ ? , = 119

s Wi .16 2L T60bQ + 1160820 —.00345%
= .16 1.06 - 2510820 +3.992449+.594502
s Has 1.70 . A¥26759°- 4241210+ 5.355 84
= 1,70 3.20 . 0376170 +.7518580 +.474.231
- 5. ok . —.000%019 +.49F732¢ +.090832
= Uadh o0 . ¢+ .6257.52/6’

Table 5.4 The constructed Na potential with polrization
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5¢3a1 The Seitz'’s Potential

The corrected Seitzis
Rostoker (1954) which has been

-rV with f/z is tabulated in

.y .

Li uffective rotentials

potential as published by Hohn and

convarted to (Q(Q) by wultiplying

table T.. ¢ It should be noted that

Q(? ) for f) greater than .72 is equal to ? =
£ oae £ Qe £ Qe P Qcp) P Q)
.02 L0573 | .20 4762 .56 APFES] 124 1.5662 | 2.44% 2,4698
O 21103 | L2k LE4P6 N 500 L) ook e 1.32  1.b4296 | 2.60. 2.6164
<06 .1635 | .20 61044 /43 20063 1.0 1. kohks | 2,96 2,7690
<00 L2140 | .32 .565340 (98 05 1oL 1.5607 | 2.92 2.9245
10,2627 | .36 71055 JOBRGA=EES 1.64  1.6972 | 35.08 3.0823
12 0%k | b0 ,74720| g1 iy 1.80  1.0819 | .24 3.2413
M L3541 | 4L 7794411000 1 T.a003 1.96  1.9919 | 3.40 3.4007
216 03968 | 43 L Ciasiaet—a—t 2.12  2.1505 .56 3.,560L
<10 4375 | .52 A2 TTNAE 1.3026 2,20 291733 | .72 37003
Table 5.5 The Seitz's Li potential
DeJe2 The Newly Constructed Li Fotentisl
3y using procedurs sinilar to those avnlied to 'z in section
56262 ,wé obtain
QU@ = ¢ , H14p<o0 SM Ry

@, (@

= 0008150 +.9¢LA24 0 +.0hbblth | 3.264QL T4 (5.5.2)
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It is found that f . for 2p state by matching with (Q(V)is Bs 5714
whli

Thus P . of QU ) is equal to 6.31. This point is then used in the
i | *

deternination of parameters for Clﬂ?) . ‘“he result is
7
Qz(?) = .O0KCA10Q +.4476200 + 170145, 1.21{ ¢ <b31 (5.5.3)
iWe shall not go into numerical details for

the next calculations but will tabulate the total result in ‘table

5¢6 o The result is plotted in EAG4 /.2 «gainst the Seitz's potential.

P C to Ok GLET - 2¢
A

o' .50 . ~2.7505%0 +2.2373bp-.005121
= .50 .0 e 1020244;“113b7ﬁf +1.26339
= <90 P % .4l65265>7'-.04<530¥§)+.773%9
S . 5.5 . GOKOHI § +.94TAGLE 4171111
6.2 7.4 . 0008150 +.986934 P +.0 ¢ bbb
= 7.1k . : r

Tabde 5.5 Yhe constructed 1i potontial
De3e3 The Li Potential with Folarization

The contributiocn fr polirization is chosen

to ogcur in
in the nearest f state, 4f , and the tot.l result is tabulated in

table 5.7 .
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£ e 0 to Ok (9 = 3

o w0k 57, . ~2.75088¢ +3.257360 005121
0 4 72673?24.0%’!62? +2473¢

= «90 1ok -44'70675-435523€+.gzlbzq
= 1.24 o S 00I%I6 O+ . 4685990 +.137022
R = 00059%0" +.99646b p +.059%46

= .25 0o p i 110595/ 0"

rable 5.7 The coangdfuected/ ¥ potentiacl with nolarization

5. 0P Wdhti

S5.4.1 By Using the ODi: (Sewiciagsical .ethod)

te test the constructed petenti ls by culculating energy
levels and then coupare thew witli ths exnerimental data. Whe
calculation is perforued by euploying the GDi. e nay recall the

relation between the quantum defect end the votential in chapter I11L.
] P 2

The relation can berre written as

/‘f&(é) S " ( 5.4.1)

where 1, urd I. stand for the ter.s in the right h-nd sicde of eq.
1 gk

(3.5.27) reswvectivaoly.

12 s the coulomb term , cun bhe analytically integrated ind is

a constant for o given encrgy level. The energy level can then be

determined ofter we obtain the quantum defect. The results are
suown in tebles 5.. -nd .Y . Tt ghould be noted thxt the Simpson's

integration foruul. is suployed to coupurte sowe integral for which

the analytical integratica f.oruula is not available {ippendix D).



P

state éwfexp) T, EnFrok) |- Ep(No.1) EaﬁNooz)

os 3777265 | 1.127089 | 305564 | 377282 374133
ks 21431617 | 2.1%2905 | 144658 | L142236 Sba7he
58 0751719 | S.147:06 | 075661 | 074762 074573
65 0462662 | 4.149101 LOLhoz | L0L5057 Nell ity
3p 2231020 | 0.517134 | 211208 Q¢o4029 1’,202649
“hp 1010735 | 1.635068 | 093492 | L096154 -095737
S5p .0533927 2.53L258 .056955 0559352 055755
6p 0573356 | 5.540753 ) 4037105 | .036563 056470

i et it T e A S Ul o

3d «1113770 0. 450165 111145 111744 . 11204

Lg 0625370 1.4088%5%1 0562521 062200 0625509
5d 00215 | 2.486655 -0h0012 | .0ko227 040200
64 0279070 | 3. 456095 1 50277551 .027915 027592
_______________________ R R\ o e e e S
Lt 0625241 0.booz2¢ . 062500 762500 052508
St L0hoo243 | 1492402 | 040000 | .540000 oL Tolter
6f | .0277902 2u408659 QR2Z27. | .027773 .027795
% | 0204170 JACOhES | Jo20400 | 020400 020418

Table 5.. snergy levels reproduced from constructed I'a notentials

éufi ’rok; , éug( T T ) éhg(ho 2}, and (:leuxp) are the energy
levels reprocduced from the .rokofjew's Ha potential, the constucted

Ha potentials in tables 5.0 and 5.4, and the experimental energy

levels respectively.



state : Enlexp) ! EnBeitz) é“é;isO'.B) Efdlo.l)
2s § e 2962944 | 1,055514 o Skl 415188 4153387
58 § 1435678 | 2.096152 - 1459 «122871 | 152949
bs | .0772330 | 3.093310 0763 073883 | .078902
5s | 0472749 | 4,099225 -0U50 -0k5054 | 045063
6s ? .0318910 | 5.09971 0316 032321 | .03%2523

..... _}---__--_--__-~-____-___-_“-_-"__,--___--_
2p | .2604768 | 0.459366 2503 261604 | 251930
%p 144755 | 1.455600 <1143 SAILLSE 114421
Lo 05639511 2. 454358 0639 .063%25 063390
Sp | 0407495 | 3.453004 L0407 040729 | .040710
6p .0232167 | k453151 .02C2 .025195 | .023189
5d 1112146 | 0. 495604 <1111 JA1I34LE | 111616
La 0625491 | 1.4083450 .0625 062645 | L062741
5d 0400262 | 2{45356% 0400 .040052 . 040127
64 0277532 | 3,49855. .027C -02732% | .02785
7d 0204192 | 4, 495100 . 0204 020440 | ,020456

______ R s L . = N S
Ly 0624371 | g.500417 L0625 -062500 | 062465
5% «0.,89590 | ML 503547 .CLoo 040200 .039593

Table 5.9 inergy levels reproduced frowm constructed I.i potentials

EM(Seitz}, Ew(No.5), E(Mo. b}, and €Ew(exp) are the energy levels
reprocduced from the Seitz's T.i potential, the constructed Ii
potentials in tables 5.5 and 5.7, and the experimental energy

levels respectively.



5.4.2 Dy Using Quintun Mechanical iethod

ate energy level of a atom is salculated numerically

514

The ground s
using the procedure given by Lunrongszk (1976 } in order to compare with
hut reproduced from the Frokofjew's potential. This calcunlation may be
called “integrotion’ because we are ablce to find the value of wave function

.

2t the fourth point after the first three volues have been known or

determined.
In our calculation, the asywialotic radial wave function ( for

f-#(}) ie needed because we-ghurt the-ewiculation 2t the point ?

which the radial wave functien/vanisheg. “he second and the third points

can be obtained from the asymdtotic wave function L& which we adapt
¥ i 3 P

from the asymptotic s-stat& ridisgl-wave function of iydrogen-liked atom

given by Furk (1964) instead Jf @uhich wis used by Dumrongsak. e have

s

performed the outward inte;ratifi ontve. Jf the radil wave function

vanishes as ? tends to AESHIE —thec—Snergy) requirecd for the integration

to be possible will be the''required couzinen, ‘e c&an use larger intervals

for larger radial disgtamce "Berd:ildé“ths % 21 wave function doszs not
fluctuate at the outer region. lovever, we Wust rcsct appropriate

first~three points of inter
& <

if we have a table of intesr- tion with an intervail of .08

b

p U
B0  YPERA
L 1‘: A =
e A3 o Vs V)

.2k 172502
b,3o 2168239
L. 40 SAI6TT

and we want to double the interv:l of integr .tion to be .16 i.e. calculate



~55~

the wave function |J at ? = 4,56, 4.72,.....3 we must reset first-three
poinfs to be
F U
 bk.od 174996

first-three points 4) b2k 170602
L, 4. 40 156775

4,56 P

L,72 sl e

Ye can use new finite differences of the first-three points to determine
L}at o = 4,56,4.72,000 . Dumrongsak made an error because he used the

table

¢ U

L/2h .170602
first-three points hJ/52 . 168237
L 4o - 156975
4,56 X Naeo
k. 72 e o oe
The calculated value of (J at e = 4,55 had an error because of the the

misuse of the first-threec points which led to an error of the derivative
at the point ? = L. 4o,

e have czlculated several wave functions for some assuued
ground state energics by using the Prokofjew’s potential. The wave
function which vanishes at infinity will give the ground state encrgy
predicted by this potential. It is found that the ground state energy
is inbetween .7800 and .3315 rydberg which is the same as those shown in
the first paper of Vigner and Seitz (1933). The wgve functions for

those two assumed energies are given in table 5.10 and 5.11 and plotted

in Fig.5.7 . It should be noted that we have neglected the decimal




KT

decimal point and following zeros in the table. OGnc of them cuts the

axis and the other blows up. This implies that the ground state cnergy
should be inbetween those two assumed energies.

“/hen our constructed Na potential is used instead of the
Prokofjew's potential, the predicted ground state energy is found to be
in the interval .37389 and .37395 rydberg. Our result deviates from the

=¥

experimental value by about 0.3

~0

5 while that reproduced from the

Prokofjew's potential gives an error about 0.9 % . The calculated wave

functions obtained by using our potential are given in tables 5.12 and

5.1% and also plotted in Fig:D+J.
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.0025
.0050
-0075
0100
015
020
025

=950

L}
002432
L2
5906
8953
10876
12680
14463
15944
17412
18775
21203
2;afﬂ
24955
26331
27407
25205
28746
20050
23135
29020
28721
28254
27633
26373
25935

25876
213594
16614
15604
12418

9109

5714

2273

1137

L6338

3059
11432
14741
V972
21115
28160
27098
<0905
52634
35222

392

.72

U
40021
Lily=
44595
51526
54071
56321
56096
59413
60295
60755
60846
60567
2d4gs
57759
56252
S5hkgs
52511

50343 -

L7936
L5389
42657
39850
36354

- 33832

274l
20797

- 1396

7020
27
6967
by i
20809
gz6o1
54279
Lo82¢
L7239
55500
59606
65552
71534
76951
82399
87679
92733

e

L.,08
L. 24
L 4o
4. 56

A g 7
Table 5.10 The wave function for ;w

Prokofjew?’s Na potential

10249
10%0?3
111522
115781
119872
122799
127561
131762
134604

141022
146836
152071
156752
160903
164549
167716
170429
172710
174585
176075
177205
177993
178461
1786

e
178136
177512
176658
175590
174324
172875
171257
1694850
157570
165526
163365
161095
153737
156290

1;1182
145847
140346
134738
129070
123387

112115
106585
101157
95850
20678
85653
80735
760380
71542
67173
62974
55946
55084
51388
L9852
s =
44307
33160
35215
32401
29715
27142
24682

20062
15790
11304
3040
Lli39
911
2592

= 33800 rydberg by using the
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0025

The same s

thos

(o]

2 given in

table 5.10

= O
19 ;u?g

Table5.11 The wave function for ¢

- 32643
35431

4001
- L4179
- 43084
- 51336
- 54080
- 56530
~ 58104
- 59422
- 60304
- 6077
- 60854
- 60570
- 599k
- 538002
- 57765
~ 56257
~ 54500
-/ 2R
- 50323
- [ 7953
h5397%

- 42681
.76 =T59854

- 36897

T

00,9

27450
- 20798
a9 L
b )2
- 26
6969
13926
203013
27606
34285
L0836
Lok
53509
59616
65563
71347

using the Prokofjew's potential

P U
76965
82415
87697
92308
97750

102521

107121

111552

115814

119909

123839

127606

13129

154657

141085
146911
52158
156852
161018
164680
16786
170595
172896
174791
176504
ot
Q20
175769
173956
178370
178522
177928
177105
176070
17483
173424
171842
170107
168250
166226
164105
161880
159561

b 40 157159

4.08
b2k

%0

e TR

o (0]
o ¢

Cco N
co (o)

O WO
o
n
(&

s I2

U
152142
146902
141501
135997
130429
124869
119726
113841
108441
105149

07984
92961
88095
83339
78356
74499
70%22
66726
62511
58877
55420
52139
L9031
LEO9O
k5313
L0695
50252
23917
53745
31712

23041
24862
22137
198631
178912
16354
15134
14255
15644
13355
15369

= .3015 rydberg by
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ig.5.3 The wave functions reproduced from the Frokofjew's Na potential and from

the constructed Na potential (dot lines).
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.0025 .002432

0050
.0075
-0100

U

Lozp
6906
8958
10887
12696
14389
15970
17442
18809

21242
23296
24999
26375
27449
28243

28773

2075
29153
29029
238720
283243
27611
26339
25940

25307
21300
13496
15462
12254

8923

5509

2050

1425

L4391

0325
11710
15030
16273
21427
24434
27436
30276
23001
35607

p U
.32 - Lo3z6o
- hi591
-~ 43506
- 51318
-~ 54676
- 56973
-~ 583848
- (0277
- 61283
- 61807
- 62112
- 61930
- 61514
- 60738
- 9671
- 53333
- 56757
-~ 54950
- 52936
-/ 0732
.72 /- / 43558
- 450529
.76 7~/ hz467
- k0370

.30 - ) 372469

8h - 3139
25040
= 10438
L 44240
- 4919

1910

3730
15509
22221
235347
So37e
L34
L3075
54238
602635
66162
71916
77529
32998
89322
93501

Table 5.12 The wave function for &

SG0w=

f

4,08
-1
4.4o
L.56

U

98531
10,413
108144
112725
117149
121423
125544
129512
155525

140507
147091
153091
158524
163406
167755
171591
174936
177810
1802353
182233
137826
185035
185333
156390
186578
136466
136074
185421
1841526
185406
182078
150559
1763563
177007
175004
172368
170611
168246
165784

150614
155181
148555
143501

27972
132117

P

\O Cco co
° o
Co  \n
(@] N

o
N
®)

\O
[

\n
¥

15.92
16.24 -

Z780
=.357009
o

by using the constructed Na potential

U
126277
120487
114797
109173
103695

93360
93182
83171
35335
73680
74209
~69925
65325
61913
50104
54634
51262
L8062
L5029
42159
30L45
36883
34465
%2137

28023
24343
21102
12254
15758
1,574
116605
10006
8557
7297
6193
5241
Lhos
5672
3027
2456
1944
1481
1056
657
274
101
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<0025

The same as those given

in table 5.12

f~—
£
°
O
(5]

Lok
L. 4o
L. 56

U

23531
103413
108144
112725
117150
121424
125545
1295915
133529

140508
147092
153095
158525
163407
167757
171593
174935
177813
130238
152237
183830
185040
185389
186497
156535
136474
1860383
1835431
184537
133418
182091
15057%
1738879
177024
175022

172887
170632
168268
165808

160644
155211
149589
143738

Table 5.13 The wave function for

15.28

=.57895

by using the constructed Na potential

U
133013
132162
126326
120541
114335
108236
105763

93445
%261
838256
C3L26
73778
74314
70036
659045
52040
58719
5Lk779
51416
43226
45204
Loshs
39643
27004
34690
z24L27

236296
24554
21456
10659
16221
1105
12277
10707
9365
8228
P27
6487
5350
5350
4977
L7225
4590
4568

L4561




	Chapter V Data and Results
	5.1 Energy Spectra
	5.2 Na Effective Potentials
	5.3 Li Effective Potentials
	5.4 Potential Testings


