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2002 CODATA Recommended Values for
Fundamental Physical Constants (79th ed. CRC

1998-1999)
Symbol Meaning Value
. Seeedofiightin
vacuum  2.997924580000E+08 m sec-1
permeabilty of
Ho vacum  1256637061436E-06 NA®
. permitivity of
o vacum  8854187817620E-12 F*
h Planckconstant ¢ 656069300000€-34 J's
rationalized
h-bar Planck
Constant  1.054571680000E-34 J s
Elementary
e charge of an
electron  1.602176530000E-19 C
Rest mass of
m, the electron 9.109382600000E-31 kg
Rest mass of
m, the proton  1.672621710000E-27 kg
fine structure
« constant  7.207352568000E-03
Rydberg
R. constant  1.087373156853E+07 m*
Rydberg
R, constant ev
ev electron volt  1.602176530000E-19 J
Hs BoRr MAgNeton g 574009490000€-24 T
agp Bohr radius 5.291772108000E-11 m
G electon g-factor , 5319304372640
N Avogadro's
” number  6.022141500000E+23 mole™
K Boltzmann's
constant 1.380650500000E-23 J K™
R Gas constant 8.314472000000E+00 J K-1 mole-1
Joule/eV 1.602176530000E-19
evid 6.2415094796E+18
Rest mass of
m, he proon | 16726231000E-27 kg
Compton
Wavelength 2.4263102380E-12

exact

exact

exact

T2 (singlet excited states with =0 from

"1 8XEA Lo .11); wiplet excited states with 10
(7.19) with ErleV)ex  Engex
Configuration " o , S ) Term , Reduced tass of e NeXER. (o relativistic fiom Eq. (032 singlet excited states 1z inunits e (TR e
(7.19) correction i | not o from Eq. (9.53); triplet ofae o012 7.30)
using Eq
(L251)  excited states with | not 0 from Eq.
(9.64),and 15 from Eq. (7.19))
152 1 1 0 0 0 152's 2 0.1081424887E-31  5.2024925541E-11  3.0008E-11 05669873 3.0007E-11 -23.996966  0.500536
152 1 2 0 1 1 1525° 2 9.1081424887E-31  5.2024925541E-11 7.52036E-11 142264973 -4.781163
152 1 2 0 0 0 1s25's 2 9.1081424887E-31  5.2024925541E-11 9.05717E-11 171132487 -3.974652
152p 1 2 1 1 2 152p P, 2 9.1081424887E-31  5.2024925541E-11 9.0457E-11 187920019 -3.619565
152p 1 2 1 1 1 152p %P, 2 9.1081424887E-31  5.2024925541E-11 9.0457E-11 187920919 -3.619565
152p 1 2 1 1 0 15297, 2 9.1081424887E-31  5.2924925541E-11 9.0457E-11 187020019 -3.619565
152p 1 2 1 0 1 152p'P° 2 9.1081424887E-31  5.2924925541E-11 1.06841E-10 2.01872874 -3.369408
1535 1 3 0 1 1 15357 2 9.1081424887E-31  5.2924925541E-11 1.28219E-10 242264973 1871758
1s3s 1 3 0 0 0 153s's 2 9.1081424887E-31  5.2024925541E-11 1.43497E-10 271132487 1672471
1s3p 1 3 1 1 2 153p°P%, 2 9.1081424887E-31  5.2024925541E-11 152362E-10 287920019 -1574951
1s3p 1 3 1 1 1 153p P, 2 9.1081424887E-31  5.2024925541E-11 152362E-10 287920019 -1574951
1s3p 1 3 1 1 0 153p7P', 2 9.1081424887E-31  5.2924925541E-11 1523826-10 287020019 -1574951
153d 1 3 2 1 3 153D, 2 9.1081424887E-31  5.2924925541E-11 158033E-10 2.0850835 1518633
1 3 2 1 2 153d°D, 2 9.1081424887E-31  5.2924925541E-11 1.58033E-10 29850835 1518633
1 3 2 1 1 153d°D, 2 9.1081424887E-31  5.2024925541E-11 1.58033E-10 2.9850835 1518633
153d 1 3 2 o 2 1534'D 2 9.1081424887E-31  5.2024925541E-11 158815E-10 3.00075825 -1511156
153 1 3 1 o 1 153pP° 2 9.1081424887E-31  5.2924925541E-11 159766E-10 301872874 1502160
1sds 1 4 0 1 1 1545%S 2 9.1081424887E-31  5.2024925541E-11 1.81143E-10 3.42064973 -0.993663
1545 1 4 0 0 0 1sas's 2 9.1081424887E-31  5.2924925541E-11 1.96422E-10 371132487 -0.916374
184p 1 4 1 1 2 1sap7", 2 9.1081424887E-31  5.2924925541E-11 2.05307E-10 387920919 0876715
1 4 1 1 1 154p P, 2 9.1081424887E-31  5.2024925541E-11 2.05307E-10 387020019 -0.876715
1 4 1 1 0 154p°P%, 2 9.1081424887E-31  5.2024925541E-11 2.05307E-10 3.87920019 -0.876715
1s4d 1 4 2 1 3 154d°D; 2 9.1081424887E-31  5.2024925541E-11 2.10058E-10 3.9850835 -0.853230
1 4 2 1 2 1544°D, 2 9.1081424887E-31  5.2924925541E-11 2.10058E-10 3.0850835  -0.853230
1 4 2 1 1 154d°D, 2 9.1081424887E-31  5.2924925541E-11 2.10958E-10 3.9850835  -0.853230
1s4d 1 4 2 0 2 154d’D 2 9.1081424887E-31  5.2924925541E-11 21174E-10 4.00075825 -0.850079
154t 1 4 3 1 3 1541°F% 2 9.1081424887E-31  5.2024925541E-11 2.11624E-10 3.90857143 -0.850544
1 4 3 1 4 1548, 2 9.1081424887E-31  5.2024925541E-11 2.11624E-10 3.99857143 -0.850544
1 4 3 1 2 1541, 2 9.1081424887E-31  5.2024925541E-11 2.11624E-10 3.99857143 -0.850544
1541 1 4 3 0 3 1541 R 2 9.1081424887E-31  5.2924925541E-11 2.117E-10 4 -0.850240
154p 1 4 1 0 1 15app® 2 9.1081424887E-31 _5.2924925541E-11 2.12691E-10 4.01872874_-0.846278
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2.34068E-10
2.49347E-10
2582326-10
2.582326-10
2.582326-10
2.63883E-10
2.63883E-10
2.63883E-10
2.64665E-10
2.64549E-10
2.64549E-10
2.64549E-10
2.64625E-10
2.64618E-10
2.64618E-10
2.64618E-10
2.64624E-10
2.65616E-10
2.86993E-10
3.02271E-10
3.11157E-10
3.11157€-10
3.11157E-10
3.16808E-10
3.16808E-10
3.16808E-10
3.1759€-10
3.17474E-10
3.17474E-10
3.17474E-10
3.1755E-10
3.175436-10
3.175436-10
3.17543E-10
3.17549E-10
3.17549E-10
3.17549E-10
3.17549E-10
3.1755€-10
3.18541E-10
3.39918E-10
3.55196E-10
3.64082E-10
3.64082E-10
3.64082€-10
3.69733E-10
3.69733E-10
3.69733E-10
3.70515E-10
3.70399E-10
3.70399E-10
3.70399E-10
3.70474E-10
3.70468E-10
3.70468E-10
3.70468E-10
3.70474E-10
3.70474E-10
3.70474E-10
3.70474E-10
3.70474E-10
3.70474E-10
3.70474E-10
3.70474E-10
3.70474E-10
3.71466E-10
3.92843E-10
4.08121E-10
4.45768E-10
4.61046E-10
4.98693E-10
5.13971E-10
5.51618E-10
5.66896E-10

4.42264973
4.71132487
4.87920919
4.87920919
4.87920919
4.9859835
4.9859835
4.9859835
5.00075825
4.99857143
4.99857143
4.99857143

5
4.99987613
4.99987613
4.99987613

5.87920919
5.87920919
5.87920919
5.9859835
5.9859835
5.9859835
6.00075825
5.99857143
5.99857143
5.99857143

6
5.99987613
5.99987613
5.99987613

6.87920919
6.87920919
6.9859835
6.9859835
6.9859835
7.00075825
6.99857143
6.99857143
6.99857143
7
6.99987613
6.99987613
6.99987613
6.9999958
6.99999075
6.99999075
6.99999075
6.99999947
6.9999994
6.9999994
6.9999994

7.42264973
7.71132487
8.42264973
8.71132487
9.42264973
971132487
10.4226497
10.7113249

0615190
0577495
0557625
0557625
0557625
-0.545683
-0.545683
0545683
0544071
0544309
0544309

-0.544167
0.544167
-0.544167

-0.385648
-0.385648
-0.378769
-0.378769
-0.378769
-0.377837
0.377974
0.377974

-0.377892
-0.377892
0.377892

-0.377885
-0.377884
-0.376709
-0.302586
-0.289571
-0.282504
-0.282504
-0.282504
-0.278186
-0.278186
-0.278186
-0.277599
-0.277686
-0.277686
-0.277686
-0.277629
-0.277634
-0.277634
-0.277634
-0.277630
-0.277630
-0.277630
-0.277630

0.277629
-0.277629

-0.229093
-0.220517
-0.179461
0.173514
-0.144374
-0.140082
-0.118656
-0.115458

1555°S
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=0 singlet terms

1=0 triplet terms

I not =0 singlet terms

com com
NIST lonization NIST lonization NIST
Levels Relative Potentials ~ Levels Relative Potentials ~ Levels Relative
(eV)-  COMNIST Difference (T forHel  (eV)- ('c)gj[m;; Difference M forkel  (eV) - (82'}';[;‘;; Difference
with IP as (CQM-NIST) Levels (eV) with IP as (CQM-NIST) Levels (eV) with IP as (CQM-NIST)
Zero with neg Zero with neg Zero
n sign
-24.5874  -0.000102  0.000004
1s2s’s [H47811681 -4.76777 -0.013393  0.002809
-3.97161 -0.003042  0.000766
152p'P° [#313604081 -3.36936 -0.000048  0.000014
1s3s’s [FLI871758] -1.86892 -0.002838  0.001518
-166707  -0.005401  0.003240
1s3d’p [JESEEESEN 151331 0.002154 -0.001423
1s3p'P® | -1.502160 -1.50036 -0.001800  0.001200
1sas’s [OWS9663N -0.99342 -0.000243  0.000245
-091381  -0.002564  0.002805
1sad'p [HSESOORGN 085105 0.000971 -0.001141
1541 'F° -0.85037  0.000130  -0.000153
1s4p'P’ | 0846278 084531 0000968 0.001145

I not =0 triplet terms

fonsaton NIST
om  Potentials Levels Difference _Relative
symbol  TOHEl (eV) - Lol pifference
Levels (eV) with IP as (CQM-NIST)
with neg Zero
sign

1s2p°P’, -3.6233 0003735 -0.001031
1s2p°P%; 362329 0.003725 -0.001028
1s2p°P°, -3.62317  0.003605 -0.000995
1s3p°P’, -1.58031  0.005359  -0.003391
1s3p°P’; -158031  0.005359  -0.003391
1s3p°P’, -1.58027  0.005319  -0.003366
1s3d°D, 151373 0004903  0.003239
1s3d°D, 151373 0004903  0.003239
1s3d°D, 151373 -0.004903  0.003239
1s4p°P’, -0.87949  0.002775  -0.003155
1s4p P’ -0.87949  0.002775  -0.003155
1s4p P’ -0.87948  0.002765  -0.003144
1s4d°D, -0.85129  -0.001940  0.002279
1s4d°D, 085120 0001940  0.002279
1s4d°D, 085120 0001940  0.002279
1s4f%°  -0.850544 -0.85038  -0.000164  0.000193
1s4f%° 0850544 -0.85038 -0.000164  0.000193
1s4f%F°,  -0.850544 -0.85038  -0.000164  0.000193
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-0.57617

-0.39622

-0.2891

-0.2202

0.1733

-0.13992

-0.11534

avg.

-0.001325

-0.000764

-0.000471

-0.000317

-0.000214

-0.000162

-0.000118

-0.001438

Sheet2

1s5s°S |H06I5190] -0.61541  0.000220 -0.000358
0.002300
1s5d’p  [OISEEM 054458  0.000509
155 [EISESEN 054423  0.000076
1s50'G -0.54417  0.000016
1s5p'P° | -0542123 | -0.54158  -0.000543
1s6s’s [HOMIBII8N -0.41838  0.000262  -0.000627
0.001929
1s6d’p [OMIGSE 037813  0.000293
156’ [OMMGEEN 037793  0.000046
1s6g'c [IOIMIGESN 037789  0.000005
1s6n'v” [ NOMGRAN 037788  -0.000004
156p'P° | 0376709 -037638  -0.000329
1s7s’s [H0/8025861 -0.30282  0.000234  -0.000772
0.001630
1s7d'p [ESBMSOON -©0.27779  0.000191
1577 |JSBMGEON 027766 0000031
1s7g'c |OBMMGE0N -©0.27763  0.000000
1s7h v [JEOBHMGEON 0.27763  0.000001
157t |JEBMNGESN -0.27762  -0.000009
1s7p'P° | -0.276889 -0.27667  -0.000219
1s8s’s 012290981 -0.22928  0.000187  -0.000814
0001441
1s9s’s [EOW7646T -0.17961  0.000149  -0.000829
0001235
1s10s’s [H0/448741 -0.1445  0.000126  -0.000873
0001159
1s11s’s [H0/1186561 -0.11876  0.000104  -0.000873
0.001027
0001753 avg. 0001519 _-0.000057 avg 0000024

-0.000934

-0.000140

-0.000029
0.001003

-0.000776

-0.000121

-0.000014

0.000012
0.000873

-0.000686

-0.000110

-0.000002

-0.000002

0.000034
0.000790

-0.00002

1s5p°P’,
1s5p°P;
1s5p°P°,

1s5d°D,
1s5d°D,

1s5f °F%
1s5f *F%,
1551 °F°,

1s59°G,
1s59°Gs
1s59°G;

1s6p°P’,
1s6p°P’;
1s6p P,

1s6d D,
1s6d°D,

1s6f°F
1861 F%,
156f°F°;

1s69°G,
1s69°Gs
1s69°G;

1s6h °H’%
156h °H’
1s6h *H’,

157 °F°,
1571 °F°,
1871 F°,

157h °H's

1s7h °HC

1s7h *H’,
17 %5

157116
1s7i%,

-0.544309
-0.544309
-0.544309

-0.544167
-0.544167
-0.544167

-0.377974
-0.377974
-0.377974

-0.377892
-0.377892
-0.377892

-0.377885
-0.377885
-0.377885

-0.277686
-0.277686
-0.277686

-0.277634
-0.277634
-0.277634

-0.277630
-0.277630
-0.277630

-0.277629
-0.277629
-0.277629

-0.55916
-0.55916
-0.55915
-0.54472
-0.54472
-0.54472

-0.54423
-0.54423
-0.54423

-0.54417
-0.54417
-0.54417

-0.38657
-0.38657
-0.38657
-0.37822
-0.37822
-0.37822

-0.37793
-0.37793
-0.37793

-0.37789
-0.37789
-0.37789

-0.37788
-0.37788
-0.37788

-0.28309
-0.28309
-0.28309
0.27784
-0.27784
-0.27784

-0.27766
-0.27766
-0.27766

-0.27763
-0.27763
-0.27763

-0.27763
-0.27763
-0.27763

0.27762

0.27762
-0.27762

avg.

0.001535
0.001535
0.001525
-0.000963
-0.000963
-0.000963

-0.000079
-0.000079
-0.000079

0.000003
0.000003
0.000003

0.000922
0.000922
0.000922
-0.000549
-0.000549
-0.000549

-0.000044
-0.000044
-0.000044

-0.000002
-0.000002
-0.000002

-0.000005
-0.000005
-0.000005

0.000586
0.000586
0.000586
-0.000346
-0.000346
-0.000346

-0.000026
-0.000026
-0.000026

-0.000004
-0.000004
-0.000004

0.000000
0.000000
0.000000

-0.000009
-0.000009
-0.000009

0.000277___-0.00020)

-0.002746
-0.002746
-0.002728
0.001768
0.001768
0.001768

0.000145
0.000145
0.000145

-0.000005
-0.000005
-0.000005

-0.002384
-0.002384
-0.002384
0.001452
0.001452
0.001452

0.000118
0.000118
0.000118

0.000006
0.000006
0.000006

0.000013
0.000013
0.000013

-0.002069
-0.002069
-0.002069
0.001247
0.001247
0.001247

0.000094
0.000094
0.000094

0.000016
0.000016
0.000016

-0.000001
-0.000001
-0.000001

0.000034
0.000034
0.000034

Page 4



