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Abstract

The accurate measurements of the frequency of the nuclear energy level transition
of 2°Th base state to excited state 22" Th (the frequency of 22°Th nuclear transition
for short) is critical to realize nuclear clocks. On 04 December 2024 Prof. Jun Ye’s
laboratory reported the most accurate measured value for this frequency, i.e.,
2.020407384335(2) <10 Hz, with 12 precise digits, and gave its ratio with the
frequency of 8'Sr optical atomic clock, i.e., 4.707072615078(5). In this paper, we
construct reasonable formulas, and calculate out the reciprocal of the frequency of
229Th nuclear transition in atomic units, the reciprocal of the frequency of &’Sr optical
atomic clock in atomic units and the ratio between them, which are
20.4618997414581433, 96.315647925496289 and 4.70707261507834483
respectively. As the most accurate measured frequency of &Sr optical atomic clock is
429228004229873.19(15) Hz, we calculate out the frequency of 2°Th nuclear
transition which is 2020407384335173.05(0.70) Hz, with 15 precise digits. We also
calculate out the more precise values of the atomic unit of time, which is
2.4188843265865317(8)<10" s, and hence calculate out more precise Rydberg
constant, Hartree energy, Bohr radius, classical electron radius and electron mass.

Keywords: 22°Th, nuclear transition, frequency, nuclear clock, ’Sr, optical
atomic clock, atomic unit of time, Rydberg constant, Hartree energy, Bohr radius,

classical electron radius, electron mass.
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IS &Sr R FA SRR HLE, B 4.707072615078(5). A SCH B AT TH A
AR, T E TR 2OTh ZPOESR I E L A TS ok R T
TR ORI EA TR ELE 2 5 20.4618997414581433. 96.315647925496289
Ml 4.70707261507834483 . W T ¥7Sr ot J& b A K 1 B ORS B EE A
429228004229873.19(0.15) Hz , & A1 it & i *Th &% &K iL M % N
2020407384335173.05(0.70) Hz, HA 15 A% . A5 H 7 B LA
6] () SR 2L, EP 2.4188843265865317(8)<10™Y s, JFf HH Uk it 5 i ¥ K A
Rydberg # 4. Hartree fe & BURFAR. QMM T PRMB TR E.
RERW: EL 229, ZERIL, AN, kxdh, HH 87, JGIETE, R ERALIE,

AR, WBRRERE, BURER, KMETRE, BTRE.

1. N4

ATVATEBCA AR T 5 A 0, B R U A B Hee AR 2 i fp 1, 1%
LR (TN R et i G I 0 V) B VS O 1 T e o RSB v 2 A
(Pythagoras) “#JRIHN “TInEE CEHAREO. A&ty CHEHEED”, B
NEJERKI T TCHH, AT A R 1 8, (B Ees R i Al
BB IR BRI A IR I AR ANBE 2 . AN AT NBE S ROZ R A . R
Fe IR BRATRO A, BB B AL, SRS B B S —— X R
iR CGANRBRA RN RERK, H5WEAE) [1], JUHETE 7
BN R 1% ) 2 —A> H AR 7, DRl BE 3 B 0 22 IR PR U A2 i 7
Gt (Bl R Az D) RIEF . BRULIRA T SEIA EFR A UR B (B
SREO . TWE L CHEEO” B AR RIRF R T A B EUR B, A4, 19
208 [ B 5K 7 % e (Kroneker, 182-1891) #5445 “God made natural
numbers, all else is the work of man”, Bl “ Lsg@li& | A%, HA2 AR TAE,
A SCAE 3 R BRI B IR A 50 2 9 S A U R, DO R T 5 5 AR
S, Horb i) B AR EE IR A B L, FRAT R R IR AT

R R F 0T RERERIE, AKCEHliE b 7Bz m w74 (o
JEFEhEE D AT WGBSR MR 78 OEEFREOESED, T —2 AR
R HE TR 8. R TR R EA L2 L. JLE
keV ik, MR E, SRFERE, H 2 Th S EMRS 2°"Th IERIT
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AR A 8.36eV, Xif NI HLILIE ML S SRS (VUVD, 3l g N il i i i
HT— W AEHIE 29Th MZERIE R & RGE e o s, it 280
SIS HUE T RS R SE R [2), 4 2.020407384335(2)<10% Hz [Hll & 1E,
A 12 Mg, JFA IS ¥Sr B TR LL{ERD 4.707072615078(5)-

RO EEFI A, b 22Th FREFGEAZRAT THERIT,  FEAfRe A
P AR BRI LU 00 o daatk, AR TE B SR A 0 SR T AL R B R
1%+ Rydberg %% Hartree B . M HE TR E TR,

2. FHESHTELESE
ERATBART R Sc e b, oA T B RO A 550, BAERR AT —

SR, BONTFUEFRR I F KRR, 3-8].
J B — (Principle 1):
F-1:(Chirality) = +27
— XA Ry S IS B £ s + 22404 TR F
JRH — (Principle 2):
FE R 5, [N %5 4200, F-145840° X
=27 =420"°, —XUFRT LAy et &t i w5,
JIrbh: —XUF = FE(Chirality) = +27 = £420° =840°
AT AT PIAT: + Chirality = £840°
840° =1(2 4 8)(357), +840° =+1(2 48)(357)
— XTI K ) A A B AR E [ AR E 2256
FHT S AT TR R KRS E B 2% 56 =112
W A P 0 S5 A AL T s TR, T 840,
HH A B HUN56 =8x7, JLRMHERL SNL125Cn’,
J7 ¥ = (Principle 3):

2 A2 A2
, €8 e e

> . 3 5 7] §
Gy O ()
(27) cpen_« :(i)z = g? ¢t ¢
en e;’c‘k 2 3 3 5
Er Sy

2r—enzl: Zzzz(e%)z =e

eZ

K+1 0k
I )

JZFEPY (Principle 4):
FENV R, & MBS 7 B B A B (NNA-100) ,
BT TEFRE U2 3R 2 B H141/100 | 173/10041314/100,

HA141+173=314, Efc%l+%:157, T E141=3-47,
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HE5ITCRZZN N, Flin:

??:Kr47 14(1)2Ru56 14053Rh58 107'14(1)79Ag60,62 l40'lgsce82,84 15674Yb93 lggErlOO lgnglOO
YoYbis 76081, “Bite ‘5ol My 1P 100FMis; 103Lhey 100 Mg
1CN7s “126CNEy 137 FYa0e 101056 15/ Ches 165Chasy 175Chigs

JZ 3 11 (Principle 5):

I BEA R . R AP RIS AEAE T4, 64 10FI 1434,
EATHRR N, XEHERIHR T T EmE R IEARATER. TRN
FH RRE B R B A A e, A& A RO HER 223300 e
TR G B e, I iE A Rk fl 22, 6. 1041145
i, XL B S IR E T IR A E M EE A TR IR R .
FENFEHHE A X L R AAAE, Horh LORERI i FH o FRix L
HAREGHE A5, A CLE AR B R e L al e dE I, B2
HRBUERN LR G, G T 3 RME

3. ETHANH
AT R IUAE T 5 -t 50 an R A e, 38 B 2 B 43 B B AR
(NNA-100), HIIRATXT Hartree J5-F FALfIHEAT T 40 F A G, 3-8].

Hartree Atomic Units (au):

hau :eau :aO/au :me/au :1' hau :hﬂ:]" hau :272-
27

Hartree-Chen Atomic Units (still abreviated as au):
hau = eau = aOlatu = me/au =1

ho=tw 1= @r), =2 628, (21), - 420
(27). 100
In the subatomic world, +/2, +/3 and 7 express as rational numbers
141 173
2)., == =141, (3), =—2=173
(\/_)au 100 (\/_) 100
(1), =207 314 (21), =217 608
100 100
(2),, +(B3),, = (7)., 1.41+1.73=3.14, 141+173=2-157
X+ (D), =(3),, GinD),, +6in),, =(2),,
(ot (S = Glar (N +6IN 2 =(3)
ﬁﬂ% _157

In the subatomic world, a circle shoulbe divided in to 420°

173
(“7o¥bigs)

. T .
2 =420°, (sin=), =(sin70°), =——
( ﬂ)au ( 3)au ( )au 2.100



4. RBUMEHER AN
R A S5 1 5 HON B 0 E A 2 3k, 1916 2 3% 5K Sommerfeld 51 A .
PS5 Feynman ARFEFGANEE 1 EUE 30, ORISR EE 7 (BRI —
AL EAZ LAy ] DO 1D Hoaz e AU REE L 187, SRS AT 1
FROE LRI e . BTN RCRIITTER A 187 5, ATFONTTERI R B 4
s (Fy)e ATt BL 25 Rt 3 RS a1 H 2o 33, 9-12].
FEANEGF H B e L2 — NH JR T RS BT S Rl [ 5ot 2 L,

e’ v 1

Elj: o= =Lt
4reshc € 137.036

Feynmanit: & 2ISEH R 1 (Z A FEJR R AL MR TRET) A
v Ze* 2y,

Za:—: 9
C 4mg,he  C

T B T BV A I e, BTk 7, o =137~ 5, BI: =

24 Zmax—ideal
XIS RS A R B AR, RIRATH FeynmanZ E ) —
BATRYE R T T HAEE3]. & FIAREBIE e A Ee, 71N
112 5I0% Cn Nt R BERL S, A5 tENHELRARHAKR, Hit
B 112 A4y 137 RIS 205 FE AR 1 1) RS 40 45 4 1 B0 [ 2, 8-11] .
a=F@NA) = f(ZNA)- Lo _ L INARERF. T RLA TR

max—real max—ideal
> 136,137,138 222 * 223,224 * 226 * 227 *  344,2173,348 ie
/@J lE: 56 Ba80,81,82 86 AC136 87 Fr136,137 88 Ra138 89 AC138 136,137,138 I:y208,209,210

AR TR . B IR R e R 2, =112

RN B 7 S o= L, g = 27
27ay 2
s s Ak g Al 3 A _ 2nmr,
RATANE T MG ER, B o =—, a, =
27a, A

SIN27HF, FRAN2r —e AR E &2 VT 3L,
H R G 7 A 2 2 ) B 3
36 1

= =1/137.035999037435
7(27) chen-112 112 +

o,

1

752

FE: o NFPANL2 TS5, 36F12748 AT 7 4.

HT o N TFHZ. N. ARREL AT IZA A B 7 %74
PRI A 05 BUR SR AL R A KT



83,84 136,137,138 185,187 209 209 285 2173
36 Kr47,48 Baso 81,82 75 RellO 112 83 B|126 84 I:,0125 1lzcn173 137 Fyzog
a. — 13(27T)Chen—278 1
2 1
100 112 —
64-3-29

e 1008027288 N~ F T7 %
[, 5LCLT sz R
25: Feso %, 65Cu34 36 1A?A?RUSG 1j§Cd64 10 142CeBZ 84 13011, 138Ba80 81,82 1:ZGd93 123Tm100

188 223,224 257 278 285 2:157 ie 2173 426 ie
76 OSllZ Fr136 137 100 Fm157 109 Mtl69 112cn173 126Ch188 137 Fy209 169Ch257

=1/137.035999111818

5. JEFRAH P REEAR

NF¥HeideE SN 299792458 K/FP, RBIZ)%ET 30 JinBAEH, (HIXZAN
KR, ARAFHIETEE L. FHPIREA —MrEreE, B
SR T IEE T IS MERE ve v 1, JElRIN 137.035999..., XFRAJRT
SRR ORI, R UURER TR E. PR R B S i 5 5 r
Hh e AR [13], HAFEN I 141, 173 A1 157 KT, XEERIE TS E
WA EAT S 20 BE R E AR ECEC (NNA-100) FIIR S 2. RS 3 n ML &

Maxwell formla: ¢c= !
\ Ho&o
c 1 1
C ===
Jaua,

12(168 -1+ L )
3 4141 14-112(2-173+1)

s
\/ 1 1

112(167 + )
188 4141 14-112(2-173+1)

120166 + 2157 1 1 )
C4.141 14-112(2-173+1)

7.035999074626
°2 \/56(84-1 ! L )

6 8.141 562 (2-173+1)
=\/56(83+ 157 —( L +— L )
4-47 °8-141 56°(2-173+1)
=137.035999074626 / 2
569 J5 1A% H Y S Ad e £, 561 EANKS6'T Tt EBa -
835 JTLHRBIATE JL R A RINTBUR M TC R B AL
VER: 3x47 =141, 4x47 =188, 7x12=84, 7x24 =168
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141 173 2-157 4.157
J2). =22 (B). == _2A51 oy 4157
( )au 100 (\/_)au 100 (”)au 100 ( ”)au 100

141+173=2-157, %4% =157

N
Jaa,
T HZ. No ARIREL RIEATS BUM R RE
83’C§(?|<ré17,48 lA?A?RUSG l:éZCd(M 11811191152(())8n68,69,70 1361137,1:583'80,81,82 14011ggce82,84
1§ZGd93 166’16711g§Er98,99,100 123Tm100 1;ng103 1786?08112 ZggHngO 2§??Bi:26 ZE(S)A?POIZS
e Flissssr 100m My 105Lhiso ' 107 Blusser 106 HSies 120N 1a0Clige
“20CNGs i 197158 FYa08 200210 1615 167 Clas 16 Closa 166CMse7 175 Clggs

HH N, 137 166-168 188 209p;:* 285 * 2157 ie 2173 ie
Eﬁj\j' 56 BaSl 68 Er987100 7608112 SBBI126 112cn173 126C 88 137 Fy209

HT BT el T8z, N AR, &R e, = 7

6. Th BERITMERTE (—)
XFT 29Th RO I, M2 B sl % T 2024 4F 9 J1 4 H7E Nature K
FUF[2], o H RS A 10 A N 2.020407384335(2) <10 Hz, A 12 (i #Eff
Brer o AT AR, AT AN I B A i 4 2 - S o o, JRBOCH 314, 3
PBR T SR AR [ A 4 — AN JE BT 5 (0 1 SR B[]
JE¥- BAL7 I ] (atomic unit of time) i X NI HIR 1 35 R 2 4 fr s ]
B t, = % = 2.4188843265864(26)x10™"s (CODATA 2022)

I 72 280452 S 0 3 ] 2 T BRI A1 1) ool M (A -

Vo _mess = 2.020407384335(2) x10° Hz

B33 J5 1 B A7 1l (atomic units, au) - EREI%45 -

1 1 1
Vir renssas Vinmesclas | 2.020407384335(2) x10%° x 2.4188843265864(26) x 10
= 20.46189974146(4)

HAHE R SO A AR 38— A J S0 75 1) 17) 7920.46189974146(4)t,,,
ASAEEFI T 230 AP RNTD -
1 1 1 1

=20+ ———+ 1 =20.4618997414581433
VTh—caIc/au 2 26 16173_71
16———
7-1
! =20+1—i+ L + ! =20.4618997414581433
Vi caorms 2 26 16173 4-9-11.19.23.701-6

AP OSCH I T Ay IL730 , AERAT AT A SR IR .



1 SR - BRI R R e, 1R A F P R B3] 1, 17330
TCERE T —NEEHE, Y A TAT R N, 22Cn,
NEATE R L s FITE R B H AR 1, 2 Py N TR 2 5
BFeynmanf& £, S7°Chy NFRARAEMH T ER & M ikDirac .
g 2O, Y, SECH,
Fr ABRATTA N A R I, IE S n R R AR,
50; 1oNey My 0 1ALy 188 15 ALy 20Ca, 5Tz 25
O g 3022 - s C8us a1z et RUssss aaClsaes o ey SNeg go.70
1;2Te74 lSSgBa81 140’1:82C€82,84 1gZGd93 1288Er100 lngmlOO lgnglos 1786805112
L0210 FMis7 103 L2 115CMirs 126 Cligs ‘137 FY 2o 169 Chisr 175Caes
FR: 8x7=56, 16x7 =112
I P ThZ BRI AR v A

V. 1

__ "Th—calc/au
VTh—caIc -

t 20.461899741458143 x 2.4188843265864(26) 10~

au

= 2.0204073843353(22) x10* Hz
XA S M ZE #0250 S 1S EAH 2, Ky CODATA (2022) #if+
M tao (BN 12 SLUERf, 55 13, 14 A A HERf .

7. 2Th BEREMERTE (2D
I AL S = IEGE T 29Th IR ¥Sr SRR i tLE 2],
SyAMEIE AT RISE 71, R TS o e AT i B 15 ERA[14], BRIR) A
EEWIE, AT TR ARIFEAT IR
TS E AR R A A

Ve, mone = 4.29228004229873.19(15)x10™ Hz

11
VSr—meas/au - VSr—meastau

1

B 4.29228004229873.19(15) x10™ x 2.4188843265864(26) 10~
=96.31564792550(10)
ARSAEE BT 2K

L :96+£—i+ L 1
Vsr _calo/au 3 56 2-41-71 9-7-11-43(16-7-11-1)
_gprio i 1 L

3 56 2-41-71 9-7-11-43(2-3-5-41+1)

=96.315647925496289



AR T 56T, 56 TR R P RAES, ALY
—LEE G417, BFrelBEATA O A G IR,
IESPI N ¥ NP

54’2566 l:e28,30 ?Zse43 ??g Kr46 fgerG 96f§M054,56 izTC;G 11(1)1(1)Ru56 137‘l§§Ba81,82
soNdg, Gs 7 L5 “aiThoy 5P “soThiyy “ 5 CMigg 150 0 ES1s,

FEN, M S S RS

Y _ 4.707072615078(5)
VSr

ASARE LT A
(VLh calc :5 1 l 1 1
VSr

= + =4.70707261507834483
3 24 13-61 8-9-7-61-103

T AR TR A R, Bl Pm R U TR,

TN HEALTER ML, 240, o BT RIIA A,

FTARRATIA XA AR IERI, 35 703 F M KK

lZ;Mglz gAIM 3158024 SjchS 54’2566F(:“28,30 2681NI33 82’83§2Kr46,47,48 lﬁRUSG

RNy T AGs e "GTer 5Bay M Cey e IPML Vb Pl

5Bl 5POLs gL levier 112N ‘12 Cligs s Y200 175Clss

IR R B%51, 7St R TR AN R R, A 17

BIATRCELF A 15 BLEERIECF[14], FTABRATRA SR E S 29Th R
SEARIOER LA B L3R S0 RIS 17 R ROl 15 RS
FH 2Th MIRBGESE, BT

Voo = 429228004229873.19(15) Hz
Ve =V (O = 420228004229873.19(15) x 4.7070726150783448
V

Sr

= 2020407384335168.05(0.70) Hz

FAT R G AT T B S A ) B B BN T e, THARAOR
V. 1

t — Th—calc/au __

M Voo 20.461899741458143x 2020407384335168.05(0.70)
= 2.4188843265865317(8)x10™" s

t = Vsr—calc/au — 1

a Vg, 96.315647925496289 x 429228004229873.19(15)
= 2.4188843265865317(8)x10™" s

BPERAT IR THSE: t, =2.4188843265865317(8)x10™ s

CODATA (2022): t,, =2.4188843265864(26)x107"" s
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DAL 43 0 FH 229Th A% BRAE AT R A 87Sr ol JE 1B A T H 5 H 1) J 1 SRS N ()
taw E A FAFI MR, AH ST XEERATA DA A A5 T DA S, SRR A
AFTHEREA EEEE . AT R R RAIR ]ty BA 15 N,
FHELZ T CODATA (2022) A tan (B A 12 AHERHIET

8. FEXEWIM Rydberg ##. Hartree BBE. B/R¥ER. Gl FEREME TR
BitHE
ARG DL b BEORE A 00 S 1 AL BT ] tau,  FRATTAT VA H BERE 1 1) Rydberg 4
Ro. Hartree 658 En B/RAE ap. L8 HEL 1212428 re AR 15 & me[15].

atomicunitoftime:tauzlz ho_ 1
E, 2R,hc 4zR_c

t, =2.4188843265865317(8)x10" s

¢ =299792458 m/s, h=6.62607015x10*" J s (exact), h = 21
p/a

Rydberg constant:
R _ 1 1
© 4xct,  Amrx299792458x2.4188843265865317(8)x 10"
=10973731.568156137(36) m™*
CODATA 2022: R, =10973731.568157(12) m™*
Hartree Energy:

Eop -t _ 6.62607015x10™
"% t, 27x2.4188843265865317(8)x10™"

au

= 4.3597447222056353(14)x 107 J
CODATA 2022: E, = H, = 4.3597447222060(48)x10*® J

Bhor radius:
1 1 1

Cy =, [112(168—-=+ — ) =137.035999074626092
3 12-47 14-112(2-173+1)

vV, = L 299792458 =2187691.26378785439 m s™ (exact)

¢, 137.035999074626092

au

a, =V.t,, =2187691.26378785439 x 2.4188843265865317(8) x10 '

erau

=5.2917721093867226(18)x10™ m
CODATA 2022: a, =5.29177210544(82)x10 ™ m
classical electron radius:

a, 5.2917721093867226(18)x10™

° ¢’ 137.035999074626092

au

= 2.817940326768461(26)x10™° m
CODATA 2022: 1, = 2.8179403205(13)x10** m
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Consider an electron becoming a photon with frequency of v,

2 2 2
m,,..,C C
E.=hy, = mec2 = Vo=—, Vyu = —e’;” A= —2""”
au T
1 &g,
au -
4zR.C c
2
v, C cC
v, = elau _ _~au  _ 2Rocccau2 — au
t, 2rt, 27,
e _ he,,” _2hR.c,’ _ he,
* ¢ 2nmt,Cl ¢ 27ac

_ 6.62607015x10"** x137.035999074626092
27 % 2.4188843265865317(8) x 107" x 299792458

= 9.1093837003087161(31) x10** kg
CODATA 2022: m, =9.1093837139(28) x10™*! kg

AT Y JE T BRI ] taw. Rydberg # %% R, Hartree A& En. 3K
A% ag. LM TR re AT 5 & me FIMEAI[H] CODATA 2022 HEX7 ) 1E 51| &
LERan v . Al BIFATR U AR B A 2 A R AT

Calculated CODATA Recommended
ta 2.4188843265865317(8)x 1017 s 2.4188843265864(26)x1017 s
R 10973731.56815613736 m* 10973731.568157(12) m?
E,  4.3597447222056353(14)x1018]  4.3597447222060(48) x1018
ap  5.2917721093867226(18)x 10t m 5.29177210544(82) m*

. 2.817940326768461(26)x105m  2.8179403205(13) x105 m
me  9.1093837003087161(31)x103 kg 9.1093837139(28)x 10! kg

9. 2Th ZERXT AR AT 40 e/ i JR B8 43 #

JEF PO R R A EAGR L. JUE keV 201, A 25Th LS 2
PR AS 25"Th KT RE R KA 8.36eV, XEfFHIEZEN BN TTRE. A N4
S U FPAZ T B 5 10 SRS 2 AR FRAT TR L K S A AR R [7], FRATI AR
B

"oy = “eThigg

22 229m
QgTh139:56+83:57+82 - 90p+2nTh'137:56+81

29Th 14 z=90 & —MesE S, 14 N=139=56+83=57+82, H.rf' 56.
82 fll 83 # AR, 1H 22°Th A& Hrb1, ArLl 225Th HEA AN AR e M,
F3E WL 7880 4. 29MTh A% TR T4 G 90p+2n=92, 92 45 90 4
fkaE s, i FEAE y 137, 137=56+81, 56 NFaEH, 137 NSKE4ILEN
WHM IR E R, REERIA Sl 2 Th BREF ke, HAEEME 2°Th
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Z— R, HARZA L 22Th @RS,

PAF 9 29Th 1 29" Th [ E38 15 0. 2O9Th KA o 548, H3EHIZIN 7880 4F,
HIEAE P24 25Ra. 2°MTh M S5 TE45 08 2°Th, JUH B EAME, JERIIZA 7 us.
Wl — ‘wRay +a
ool = “aThiae + 7

10. B&5

AT T e R L E— 2 Lk, A — G R B2 X 4% ik B
—BEREL,  E T LKA R A T A5, B DA — R L ) LR 2 A LK T
WHA MM, —El Epyg, e 2Ryl Erl. EnRtiH R,
XKLL T AE . HEREE, R MRHE (Bl FEEOGERE) &5
BATCR P IRHE G A T HORER, JOR Z RIAAREAE LB (B an e iR AT L)
W HRA TR WL THAECE, XNEGFEEN. GHEMaRlEm. £
SO, BATER X A7 R T EORT 229Th M EGEAI R, BACRE, BATE
229 h A% BRI RO 0030 2 450 S AR IS PR A 9 — A RS T P ) B RS o ), P G
BN BN, RIS A B L 173 T, 173 fEsn s Sk
WEBENZ T GEREE 9 TUAUA), Xt it AT A SR Al e B . 2
2 A 1 U 75 AR Al S S0 (AN FR AT A R 36/ E — S SR T, pR kR AT 5
FFRM T 22°Th PG AR, 76 12 L ERf S o6 [ A SEal L 70 21 15 Ak,
TN Z T 3 A1 8T IER T B MR . X ARG e —Fh s i ml %, 52b5 I
ATVONE I FA S AR B = Al 7%, FUR ANl 208 1 i
FH B E A B S FEG U T RE R, RATA R AT LR A 998,
SIS TTE LRI, EE AT USRI P W TR TN T 229Th A% ERIE
W, AT TSR TR T RS R (4 R BT 1] ta LA & Rydberg £ Roow
Hartree it & En. B{/RE42 aos L HLHL T2 re AT T Meo

Fb, EARSTHIHRATRA T ¥Sr R 78 AR N 429228004229873.19(15)
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