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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
20.461899741458143308, 96.315647925496289349 and 4.7070726150783448253
respectively. As the most accurate measured frequency of &Sr optical atomic clock is
429228004229872.99(8) Hz, we calculate out the frequency of 2?°Th nuclear
transition which is 2020407384335167.11(38) Hz, with 15 precise digits. We also
calculate out the more precise values of the atomic unit of time, which is
2.41888432658653282(45)=<10Y" 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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HIES &Sr R FeR R tE, BY 4.707072615078(5). A SCHBRAT A A5
AR, T E TR 2OTh ZPOESR I E L A TS ok R T
BOA OB B B M ® AT B A 4 il O 20.461899741458143308
96.315647925496289349 FlI 4.7070726150783448253. 1T 8'Sr Yt FHh 4= ()
BOFERAIEAE Ny 429228004229872.99(8) Hz, B ATiHHH 29Th #EKEHE N
2020407384335167.11(38) Hz, HA 15 Mm% T . A& H JE -7 5 A7
) O SE RS E, B 2.41888432658653282(45)<10" s, i It it 55 HH SE kS I )
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

MIFERC AR I T A S, B R U A A BCE R AT, X
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
BRIk BT IR O s AN B A AN/, R RO AT A o il
et B IATHO AL, TCEREAE I S P ANAFAE, SERCS Bl B f—— X B2
W GANAERE RN IRR, BSMERE) [1], TH2EER PR (F)
R FREH D) Z—A EAREH T, PRt B 8 B R IR W A 7R I J5 -t
Bl 72D R R . B AT bR IR “ i S (AR
HO. TiEtE CHEED” MW ARy Sk B A FEEUR . 4k, 19
G EHER Y W (Kroneker, 1823-1891) thH 45 “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

MR EFH R BT RMRT, ANKRCEHNE B TR E T8 Rk
JEFEhEE D AT WGBSR MR 78 OEEFREOESED, T —2 AR
RHHE TR 8. R TR pe R A EAS R JLH3 LT
keV ik, MR E, SRFERE, H 2 Th S EMRS 2°"Th IERIT
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REEMILE 8.36eV, TR HBIB NI KNG (VUV), Xy NI % A
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
2P B AR L9 1 S o AT A0 R B U A P R T SR B )ty ERUBGART
H RS H Rydberg %0, Hartree e 8. B/R¥E. S FR2HEFRE.

2. FHERKAXEH
ERNTCART RS E A, AT 7 F B U & R, AR n—

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 e HON56 =8x7, JuE M HARL FUNLI25CN.

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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5 TURL RN, Filan:

:?G?Kr47 lé?l?RUSG 14?53Rh58 107,12?Ag60,62 140’1ggce82,84 15674Yb93 166§Er;[00 ngTmlOO
ToYbig 76081, gBine ‘ol 91Pae t00FMis, “iosLhigiiee 100 Miies
10N 12 Chey “137FYa0s 191CMo%6 151 Chies 165 Closr 717 Cligy s

JZ 3 . (Principle 5):

B BAR . fER A RIS AAAE T4, 6 101143,
AR, XEHERIHR T TR ENERETRE. TR
T RBVERY B A A e, BRI & FH RO RS2 200 TR
TR G M B BT E, I IE R 22, 6. 1001463k
i, XLk ARG I UE T e R B EMEA TR L.
FENR B FA XL wl A e, HA 103 & . FRixL
H AR A1, I8 CLE RN B K e Al e b ], N2
HARFOE I 2R G, FREH T ARFER .

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 = aO/aLu = me/au =1

ho=tw 1= @r), =2 628, (21), - 420
(7)., 100
In the subatomic world, +/2, +/3 and 7 express as rational numbers
141 173
2), = =141, (\3), =——=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
J§ Jg 4 . . i
)t () =)y GINS) L +(5INS),, =(5).
( 2)au ( 2)au (2)au ( 4) ( 3) (2)
19173,
2
In the subatomic world, a circle shoulbe divided in to 420°
o . T . o 173 173
2 =420°, (sin—),, =(sin70°),, =—— Y
( ﬂ.)au ( 3)au ( )au 2100 ( 70 blOS)



4. FBUEREB AR

FEMEEH EECP B E 2 38, 1916 4 A EE 225K Sommerfeld 5]\ .
PP o8 Feynman IRIGIEANSE AL B A E L, IR AKHIERAR T (A —
AT EAZ BT AT DA AN B ) oz i far fo ge kil 137, 15 RS HL Y
SR R . B M N BRI JTER A 137 5, AIRRONTERII T 2 A
mo(FyDo AT BGIE R DT 2D B 3 R Al 45 1 1 B0 13, 9-12] .

FEANEEN T o) 7€ L2 — NH R T RS TSR LR 5E I,

v, € L1
c 4rmghc 137.036

FeynmaniE ZBEH I 7 (ZARFETIAR AL N TR T) HEE:

v Ze* 2y,
Za = —= = 9
C 4mg,he  C

Elj: a =

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

a Zmax—ideal

XIS RS S M A T, AT Feynman 2 & ()5 —
PATRRYE JR T2 0 T3] 3 AR [BIA T I o &= AR [6, TTA N
112 50% Cn Nt RN ERL M. RS 0R RS4RI AKR, Hit
¥ 112 A4y 137 BIAS 3] & B MRS B 1R RS A 45 0 5 H A ([ 2, 8-11].
1 1

a=F(ZNA) = f(ZNA) (ZNAMRRE T PRz T

Q

max—real max—ideal

> 136,137,138 222 * 223,224 * 226 * 227 * 344,2:173,348 ie
/WIJ ‘LE: 56 Ba80,81,82 86 Rn136 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
SUR TS T RIS RS ve y 1, JGIERISY 137.035999..., XFRAET
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
BHE AT B 40 BE R B AR BB (NNA-100) IR S 2. 5 3 Al o (O HUE

Maxwell formla: ¢ = !
\ Hoéo
C 1 1
C ===
Jaa,
12(168—— L L )
3 4141 14-112(2-173+1)
= [112(167 + L 1 )
188 4.141 14- 112(2-173+1)
112(166 + 2. 157 1 B 1 )
4141 14-112(2-173+1)
=137. 035999074626
S _ [o6(84— 1+ L )
6 8.141 562 (2-173+1)

= |56(83+ 157 —( 1 +— L )
4-47 °8-141 56°(2-173+1)

=137.035999074626/ 2

569 J5 T A% H I Fefe e £, 56 AR K565 Tt EKBa -
835 JTLHBiNARE JL R ML SRR PE TC R AT AT
R 3x47 =141, 4x47 =188, 7x12 =84, 7x24=168.
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(\/—)au - (\/_)au - ( )au —ﬁ, (Zﬂ)au :ﬂ

100 100
141+173=314=2-157, % 123 =157

1

Jaa,
NRZTHZ. N A RREL IEATS UM R AR SRR :

= 84Kr47 48 124?Ru56 14:1L§Cd64 1181119'1208[168 ,69,70 R 138BaBO 81,82 1o 154§Ce82 84
l:ZGdQS 108 168Er98 99,100 lgnglOO 133Yb103 1786?05112 ZggHngO ZE(B)I?BIIZG ZE(;?POHS
e Fri.36 137 fgg Fm157 2 12(()5(? Lrlﬁl 162 273’2%377 Bhl*66 167 fgg Hsl68 121?25(:n173 fggc

n O a0 Yaomz00210 10 s 157 Mot 168 Chee 15 Chier ™ 175Clia s

i 137 166-168 188 209 285 2157 2173
Eﬂ‘jﬂ BaSl Er98 100 76 OS112 83 BI126 112cnl73 126C 88 137 I:y209

BT T ool THZ. N AR, &R, = 5

6. 2Th ZETMEBRTHE (—)
XFT 29Th RO I, M2 B sl % T 2024 4F 9 J1 4 H7E Nature K
FUE[2], o HERE BRI EE N 2.020407384335(2)<10%° Hz, A 12 {7 #Eff
oo BATM S, AR AN S 4 e B 57 Al b, JRBOLEI%,
PIER R SO A 26 1) A% i — A JE 3R B 75 1 Ji - B S B[]
JiF ¥~ B A7 I [H] (atomic unit of time) & YO H R H B FIa AT R AR IS [,
Hl: t, =a,/v, =2.4188843265864(26)x10™""s (CODATA 2022)
I 75 0452 S5 %) 22 T A SR A e 1) fo i #2219 -

Vi mess = 2.020407384335(2) x10™ Hz

3.3 JF 1~ BT 1l (atomic units, au) P BRI $4S

1 1 1
Vor ronres Vinmeacla,  2:020407384335(2) x10™ x 2.4188843265864(26) x 107
— 20.46189974146(4)

FL 3 SO IR (R4 36— A J 301 P 75 16 [R] ©920.46189974146(4)t,,
ASAEE AT A5

L =20+l—i+ !
VTh—caIc/au 2 26 16173_11
16————
7-1
—20+1—i+ L L

2 26 16- 173 16-9-25-7-11-19-23+2-3-151-191-2/3
=20.461899741458143308

AAASCHIL T #h A 73 7, AT A R L.



FH T J5 B i R R e, A St R L7308 7, 4 HEIRAT T U
R LT3N TE R R — DN E B, TYb b T AL R 4 R,
2oCn;, N6AIL R A S FITL R 1 H AR 5, 2 Fym NRE LR N4
M EFeynman 55, S7Chye SAHARGE(H TR 2 T 8Dirac % 5
l;nglO?) ffgcn;a 2]:.|.3773 Fy;)9 o Y:|‘.1r$)§c;h;e64,265

Fr ABRATA N EL E AR IERAR, FH5LL N e R R AR,

f(()) Nelo 24125’]?5 M912,13,l4 f; A|l4 ]:.2’62816 ngngrZO,ZZ ;gcazo 46723Ti24728 50.2?]:\/27,28
54'255 Fe28,30 82’83§gGa46,47,48 99’14?4(1) Ru55,56 112’1:2;1Cd64,66 118’119'15(?8”68,69,70 1§gTe74

137 151 161 168 16 17 191 188 209 *
56 Ba81 63Eu88 66 Dy95 68Er100 engloo 7?)Yb103 77|r114 7608112 83B|126

oo FMyg, ML 160 2aCirs “15aChige “1a Yo 16eChier 7 1aChig, s
FE: 8x7=56,16x7 =112, 11x19=109, 7x23 =161, 19x 23 =437
DRl 25T BRAE AR A A -

V. 1

_ 'Th—calc/au __

V. =
Threale t 20.461899741458143308 x 2.4188843265864(26) x10™

au

= 2.0204073843353(22) x10° Hz

RAEAE 5 A scin = IR 2, K09 CODATA (2022) #fE#E

Mt E 08 12 A7 HER, 28 13, 14 L ANHERS, PreATHEE IR 12 A HER .
7. 2Th ZEREMERHE ()

I 22 3R S0 S IR ARIE 1 220 Th BRI ¥7Sr ouJ 783 (552 1So-
5s5p *Po) HILLAE[2], S34MEL AT ANKISS 0, 4 7S ot 7o A AT AR

Fwa[4], BRICR A BT R J7iE, AT STLL T B A ROFIET 5

87 Syt A AT 2 1 £ 1. (BIPM 2022 recommended):
srmeas = 429228004229872.99(8) Hz
1 1

V

v t

Sr—meas ~au

VSr—meas/au
B 1
429228004229872.99(8) x 2.4188843265864(26) x10~'
=96.31564792550(10)
ARANEF R FU T A2
L :96+£—i+ r L
S —cal/a 3 56 2-41.71 9.7-11-43(16-7-11-1)
_geei L, 1 1

3 56 2-41.71 9.7-11-43(2-3-5-41+1)

=96.315647925496289349
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AR HIL 756181, 56 N LR R T AR E R, S HIL T

— e G R I an4LM77, BT ARATIA A A 202 IER Y,

H5 LU mRm = AR

e a0 S8 5Kl wlly M0y, 5TCs 4RUg, "3 Bag g,

oNdg, §Gdgs TiLUgs "5l 5 Pbg oThe, “%5Cmiy o, TESL,
FIAk, TR S AR E -

(://l‘)meas = 4.707072615078(5)

ASARE LT A3
(VLh calc :5 1 1 1 1
VSr

= + =4.7070726150783448253
3 24 13-61 8-9-7-61-103

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

T A A | TER LS, P NS IR L 15, 16],

BT AR A NIEA AR IEHIHY, I5 R IC R MK

lZ;Mglz 12;AI14 3158C24 25§ch8 54’25(§Fe28,30 2681NI33 82’83§3Kr46,47,48 lé?z?RUSG

RNy T AGs e "GTer 5Bay Y Cey e rPM TYbi Py

8Bl wPOLs it Llevier (120N 12 Cliss 137 T Yao0  113Chaga s

ISt IR TR RO AT R AER R, BIPM IR LA 17 fLE A

HOERL 15 (AERACF[14], BTOMRATRIALS AR E S 20Th M BGE SR
OYER LA CBP Rl T 0D SRMSERAT 17 AT MO A 15 il i 47
20Th [RIBREA, HIAR 5L

Vo ens = 429228004229872.99(8) Hz
Vo=V (U = 420228004229872.99(8) x 4.7070726150783448253
V

Sr

= 2020407384335167.11(38) Hz

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

t — Th—calc/au __

Y Ve | 20.461899741458143308x 2020407384335167.11(38)

=2.41888432658653281(45) x10™" s
t = VSr—caIc/au — 1

M Vg  96.315647925496289349 x 429228004229872.99(8)
= 2.41888432658653284(45)x107" s
P EAE N t,, = 2.41888432658653282(45) <1071 s

CODATA 2022: t,, =2.4188843265864(26)x107" s
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DL 43 S A 229 Th AZ BRI A AN 87Sr 6 S-8OS 48 T 5t 110 Ji - B AN B[]
taw A JUPARFIRE, A0S T XA LB A RIS T AR, S RAT
A XA R EEA E AR JRATTHE B SR 7 B2 N A] tay FAT 15 9t
7, FHEEZ T CODATA (2022) Al tan fH A 12 HHERI KT

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 & En B/RAE ap. L8 HEL 121428 re AR TS5 B me[17]-

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

t,, =2.41888432658653282(45)x10™" s

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

Rydberg constant:
R _ 1 1
© 4xct,  Amrx299792458x2.41888432658653282(45) x107
=10973731.5681561327(20) m™*
CODATA 2022: R, =10973731.568157(12) m™*
Hartree Energy:

Eop -t _ 6.62607015x10™
"% t, 27x2.41888432658653282(45)x10 "

au

= 4.3597447222056333(8) 10" 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,, =2187691.26378785439x 2.41888432658653282(45) x 10"/

erau

=5.2917721093867251(10)x10™ m
CODATA 2022: a, =5.29177210544(82)x10 ™ m
classical electron radius:

a, 5.2917721093867251(10)x10™"

° ¢’ 137.035999074626092

au

= 2.8179403267684356(5) 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
C m,,. C c
Eezhvezmecz = Ve:e_' Vs = e/au~au  _ “au
h h, 27
— 1 — 3yCay
“ 4z7Rc  ¢©
2
v :Ve/au — Cau — 2R cC 2 _ CCau
e 0 Yau
tau 27Z'tau Zyz'ao
= hv, _ hc,,’ _ 2hR_c,° _ e,
¢t 2at,Cl c 277a,C

B 6.62607015x10™* x137.035999074626092°
27 % 2.41888432658653282(45) x 107" x 299792458

=9.1093837003087119(17) x10** kg
CODATA 2022: m, =9.1093837139(28) x10*! kg

AT B B R T 5L 8] tas Rydberg % % R« Hartree A& & En. BUK
PA% a0y BHHTF AL re M5 & me HU{E AI[H] CODATA 2022 HEF [111E 51 5%
L™ (R L. AIE SR EAERA B2 A8 .

R L HEREHITHEAL R CODATA HEFH L

Calculated CODATA Recommended
t,  2.41888432658653282(45)x101"s  2.4188843265864(26)x101" s
R 10973731.5681561327(20) m* 10973731.568157(12) m*

En 4.3597447222056333(8)x 1028 J 4.3597447222060(48) x1018 ]
ao  5.2917721093867251(10)x10™ m 5.29177210544(82) x10' m
Ie 2.8179403267684356(5)x 10> m 2.8179403205(13) x10°*m
Me 9.1093837003087119(17)x 103! kg 9.1093837139(28)x 103! kg

9. 29Th IXERTARAE A T 4 /)N B SR R 434

JEF AR R A B TL 2L T keV 40, H 22Th HIEE S
WORES 22"Th BT e R E 8.36eV, XAF/FHliE %8 BN T RE. B4 N4
2 ML FZROE fe B 10 S ? AR IRATE S 1 SR A% ) TR A 7], FRATTA%
B .

22 * 229 *
9gT hlS9 - E;F)T h139

22 * 229m *
93Tr1139:56+83:57+82 - 90p+2nTh137:56+81

9Th Hpi 14 z=90 2 —AMER, 14 N=139=56+83=57+82, H.f' 56.
82 Fll 83 # AyfesE #, (H 22°Th th AR e FIAL & Z2Th db, ATl 2°Th H A
AR IR EYE, S TEWIZI N 7880 (120)4F . 29MTh % THIRASTT4LE A
90p+2n=92, 92 45 90 A AE S, LA 4k 137, 137=56+81, 56
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NFRER, 137 NG H AR MFRE S, XA A 2" Th 1528
WkaE s, HARE M 2°Th 22—, AR B 2°Th B=R/b
DL R R 229Th 1 229MTh (34850, 20Th RAE o 3245, KIEHIZH 7880 4F,
HEEAR =4 25Ra. 29™Th MIZETEAR N 229Th, BUHE S EAME, P 7 us.
"ol = wRay +
ooz = "5l +7

10. TAM R FEREM R
R4 BIPM HEZET) AR T EEAR (3s? 1S0-3s3p *Po) [14]7T/ELL N iH5

BIPMHERZ ) 2 Al T BRIE A%
V.. =1121015393207859.16(21) Hz

Al

55 B o 2 AL T RIS (5
1 1

VAI *—meas/au VAI * —meas taU

1
~ 1121015393207859.16(21) x 2.41888432658653282(45) x10
= 36.878506384169110(14)

TRATTH g 4 J5E - B 2T AL R T BRAT AT P (55 A 2

1 1 1 1
S Sy (S B e
VAI*—caIc/au 8 285 3 73 1137 _
99
=36.878506384169112236

HUUFeRZER AR, B EATA e 2 22 #Emi Y -
lES;FlO ZGE;LNISS ;??AS42 85§Y7Rb48,50 97’?121—(:;5,56 111‘11:1[§Cd63,64 113'14195|n64,66

147 * 185,187 191 222 * 241,244 * 285 *
61 Pm86 75 RellO,llZ 7 Ir-114 86 Rn136 94 Pu147,150 112cnl73

7 285=15x19

_ VAI*—caIc/au

VAI* —calc t
au

1
~ 36.878506384169112236 x 2.41888432658653282(45) x10
=1121015393207859.09(21) Hz

o e B R R R

_ VAI*—caIc/au

au—Al*

Al* —meas

1
~ 36.878506384169112236x1121015393207859.16(21)
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= 2.41888432658653268(45) x10 ™" s

AR 27AI R T BRIEAUR I THEAE 5 BIPM IHER (B A B 5 RN 251,
Bl JUEA AEF U2, X el gt MEEIEAFFHUNRIRZE, BiE R
M~ GETHFHATIEF DI EE, A —Fhal Rk — AR 0 77k R T e A Ak
HUNZE SR T BRI TA] tau,  RUEORE TR tau PT RETAT [ 7E AR -

11. 9Hg R FERIERR T H
MRHE BIPM HEFEH) °Hg JR T ERITHF (6s® 'So-656p *Po) [14]W] /FLL T iH5E.

BIPMH#EFF /] " Hy i T ERIT AR -

Virg-meas =1128575290808154.32(27) Hz

JE - BT i) R H J5 1 RS A28 1) 481
1 1

t

VHg—meas/au VHg—meas au

1
© 1128575290808154.32(27) x 2.41888432658653282(45) x 10~V
=36.631471264592367(16)

AT T - BT H ST BRI AR R 18 =X

1 1 1 1 1 1
——=37T-—+=——+ -
Vhg—calc/au 2 7 87 9:-25-41 2-7-47-137-(2-11-19+1)
=36.631471264592374220

U uRZEMERE, R b A s R .

28'12A?Si14,15 nggleo,zz 631§§CU34,36 46'4714822Ti24,25,26,28 82’83§3Kr46,47,48 85§;Rb48,50 aNby,
o Ago 62 wCUg, 5Tey, 140’135(3682,84 29My; 6,Gdgg W, 1 Rey011 7208,
w2 PP B 5 PO 5 Flizsssr 100 FMisy ‘107 Bl 112CMrs “1o Clige 137 FY oo
71 87=3x29, 11x19=209, 4x47=188

_ VHg—caIc/au
VHg —calc — t
au

1
© 36.631471264592374220 x 2.41888432658653282(45) x 10
=1128575290808154.10(21) Hz

o e TS A A F L,

t _ VHg—caIc/au
au-Hg —

VHg—meas

1
~ 36.631471264592374220x1128575290808154.32(27)
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= 2.41888432658653235(58) 10" s

DAL iR - B AL R Y99G SR BRIE AR (PEI B A S B T 137, 209, 87
A7 T, X CREIE 137 1) 50 ZRNRBEAEFR AR,
BATAFIEAN AR TTRE2 IR, U B M7 VAR v Re A2 IERA Y . AT
99Hg JE TR R 1T EE S BIPM A AR o253, RV Rr] JLEA
AW RN A, (HARE ST, JREHTE CHr.

12. JRF BB [A) tau B SE

AT B AL ] ta X T PR BAR OR4E, (AARIR R
tau (ELA AR TN ZE 5 e BRBRATHEAT DL BRI R UG, FRATTER A H Z7Al
JR PR IE SR 72 1 tau (EAE bRUE, B taw=2.41888432658653268(45)=<10" s,
WAL, ERTH A TEE WM. oF —Mr a2, ERMWMNEZET, AH
TR R taw AT BEBUEFEA AR, A4 AR A E HE AT 52 1Y ta (BT IME . 5
b, WSl -G JR T GE AR E It (EREE— DI ERS R, BA taw T HLH
I JE BRI AR AN P0Hg J WO AT 5 58 1 tau (B39 ME . R8I0
i, HETBRATE M (8 15 HE 16 MRSy, X C4 L CODATA
FERA 12 FHEFHE T o SR 2, BRI IRA T T — SR 1 19
BRI (R D.

13. 29Th W& LH 26
H AT AT B 229Th Jy 23830 48Tk, 9 1 G2 MR, Jad i T
BU, BTERAFALE, Prebf 2P0 A7, R A 29Th, AR
‘2l — ‘el + @

XJE BUME— R, AR N 1.5919(15)<10° . H T4
PR, BTRAE LT R 2R & 2°Th, RS4RI E A% 2Th
7R BB, LU NARSCER BT 29Th (6 % 42 .

Hy o+ HAC, — BTh,
oHe + *gRag — “Thiy
sLiy + TR > “aThy

s 222 * 229 * 22 * -
3L|4 + SGRnlSB - 89AC140 - QgThl39 +ﬂ
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oNey, + GBIy = ‘GNP, = “Thiy +34°
oNey + 5Py = PUy - Ty +258°
5P + %Pl = GNP — “GThy + 35
17Cly + 760855 = GNP — “gThiy + 35
20C8s + Tl —> ‘GNP — “Thy, +34°
DA s 2k )i LR 2, R AR B/ T A% R i B TBUR (R
FIR KA JEI6% K (primordial nuclide, ENZEHBIR FA RIGTEAERIZE), Bl
AV N, BJE— G s G N E E R T BSUR AL R
BCa HmlitEX R ¥ Ta. I AR B 20— A B U, —AEEA]
HARmWRER S, IS ERME, [J2HR7Y.
DL AR, ASCEE AR 2. 4. 6 194 (EDEJE—1) LB
AIRETEBE R, BT REM R SR 2 2R IR 4L

14. B%

AT A e R EAE— 2% 0k, TBA— DA RTTER B2 I LK E
—PEEEL,  H T BRI SR S TR AR, P DL R L ) L 4 B A LUK T
WEA AR, — Bl g, L mr iyl Brgl. 7RG It R,
XML A, HEEE, X uRIRHE (BIIDGIERIE) S5 TER
FHFRIRFALE 70 R AR T HOH GG, Jo 3R Z RN RRRAE L) (O A i R AE LD
KA TR IRE TR I TEOH SRR, X2 SR8 . SR
FEARSCH, FRATR X PO iE R o BTN 2°Th MR BRI A, HAkckit, &
1K 229Th AZ BRAT B AR B 45 A L R DA% 46— A e S0 i FH 0 i 7 B i ), g
W HFA N BANR, KIPECENA E HI 173 I+, 1737E &%
R AR EE AL TR (PEILER 9 TUAUA), X U B FRATTA 2 AR AT A IE A
(s 2 AR P ) 75 AR SR A AN FRAT T 236 AF — e AT . A 4h,
29Th AR IR A 5 7S J5l B AR 2 LU A Bon s A i, A1l
P T AR TTRE IEF RSB A o B b FRATTEF BTN 1 22 Th AL ERIE AR,
5 12 A7 M Bf SO (1 JE Ak T2 15 NHERR, RN Z TN 3 67 57 1E A
HIATREVER R . ARG — R B AR, SEFr ERATA AR A S H
NANRIEE =R T7E, RO NRIEH g 1B, THE A R e B S T BT
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TREEREE, RAOTAKETTLOES S, AN, LS EERIK, BE
AT DI RIRR 8 o 38 TH ST 22°Th AT, FRATH A 1 5
A 1 S5 - BRI [A] taw DA 22 Rydberg % %8 R Hartree BEfE En /K42 ao-
2 ML 24 re FIFL T Meo
TERNHN T, FRATEL H Z7AIMAT Hg JF 1 BRE AR 115 LA 2 229Th Wl BE )
B .
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