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(AEXREWAR LE 200433)

ME FR-NEHETFUFR pEHHERKEAL TR E N EHE

B REREBANETRRABHGEA b,p' AR, Al da b FEER
WBEFBARLEIRKGBE HBLART 2S,, 2P, AW LBHA Y
1056.522 MHz, t, 5 % f 1057. 845 MHz X/ 0. 13% . A Dirac ¥ % % 48 2f it
BEREE, RUHHTEREF 4D, —4S,, AWHAE, FEBLEBL"F 1S
AW BA"ZRYME. RERAL6.7%,F0H T HE.

xR =m0 RIedA¥ BHEI MR BAT AAE
ELf BRRE

51

1947 4F R ILK) 22 BB 4 (Lamb Shift, LA F&IE N LS), B (H)EF 84 2S,, B4 K

it

2P, RER 29 1057 MHz MBI AR R R ), M R TN ¥ (QED) MBI MERE
THREWMER.

90 SFAUG , BEH BOLBT ST F AR S I AR 8938 45, BB % H KA (D)JEF 49 LS

WRHEREE

L3 ,p = Eu(2S,,) — E4(2P,,) = 1057.845 MHz (1)
L2, = Ep(2S1,) — Ep(2P,,) = 1059.230 MHz ()

Sh EBIR T I T IRERE

A= E,(4S) - E4(2S) - -i—[EH(ZS) - E4(15)] = 4797.338(10) MHz, (3)

A = E4(4Dy,) - E4(2S) - %[Eﬂ(zs) ~ E4(18)] = 6490.144(24) MHz, (4)
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(X575 8 %5 4801.693(20)MHz 1 6494.841(41)MHz)
EXFHASHERERM Bohr BEAWEH L, HENRERBLEHNBE. BREH
Dirac 7B % KM BHBIE A BN ARERN (HLTER)BIE A3 ,iE

'al"Lls - %Lzs + Las» (5)

FHEPRE M2 F 98 LS(Hyper LS,iE% HLS), B E S H 1S A (4xH)LS, B
Llsm,im[B]%tﬂ:

A= Ape + Bgy +

L® = 8172.874(60) MHz, (6)
L = 8183.807(78) MHz. (7)
Big AR BN LSEHERHEBHBEP, - THFR.R—TBXF
FrslBME FERBERRTIEN; HRKEESRUBE - AT S5RNE RSB T
HEEZFFIEHXEHHBIE. & FEBNITRS S0 BE,HBEE, ABERLD, LX
w5].
AXREXNEFEBEERIT - AN EERITE R BRI RAESTE
H(1),2)XKRHA),)XFHMLTRME:
AE® s = E\(4Dy,) — E4(4S,,) = 1692.806 MHz, (8)
AE{R s = Ep(4Dy,) — Ep(4Sy,) = 1693.148 MHz, (9
MR, EREH, TEEEN FTXREMREN(1),(2)RXNTF 0.2% , mixt(8) XMk
1.6% , Bt HESG) KRGO AR, BEHFALE BEHKITEHER.

2 BFAESENFEHETITR

RITRAEDELEXANEBLRFRLEFR T, USRELUTHESHTEHIBY:

Ho¢, = e, (10)
H, = it% - & o = 1/137.0359895, (11)
&, =—-Z-%1;2E =—§Ry. (12)
X8 (Z=1)8 Rydberg B
Ry = Ry = Loy = 3.28805128 x 10° MH. (13)

2
B RN p —>p+fA(%¥%ﬁ?— e)SIASBEHHME, WE H, £/l L, M
—HEERGERR(RECABRHEV -4=0);
HY = ;eC—A ‘P, (14)
BERBTFHARRE, LSalBAHEEMR:
(15)
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Heh g h FREFRLR:
g = 2 x1.001159652193, (16)
m A )@E%ﬂ:%%f&%%ﬁ
— iker ik-r
A(rvt)‘_J- 2 )3 m;azllzek;\(dk(t)e +a (t)e ) (17)
p Bk AATHER, 0= kl=t BRER,(h =c=1),A ®7

RS R ARALA, T o, Fla BT HERM>EHA.
AEXBERLCRP—THEN p WAHET, EELH. R

— A BN TR €, =i MR ARE MR
AE(}) Z < |H(’W >’2 (] — 1,2)’ (18)

q k €, — &
ﬁ*@ﬁﬁ%ﬁV@E“%:|p>=ﬁ

&, R—A RN g BBETH— 13BNk MEET, A 1
‘ Fim, PRISHERET

p si=eq+wk=51}:q2+k, (19)

M1 R - .
B g Bk BEGEZ, B HY REE TS B BAR , T — 1 8

fESEENEE ERS(p-q-k)H VIQr) ¥, 2R q RS, 518

exp(ip r),Mii)Rn$

(1E 7 4 T £ 20
HY R H?  EMNZ AE; =- ‘—;%Ldv(l - 7)1, (20)
B B T, B - 4

FEmEATRE.) I = VE+E (21)

Hep p=cosf,0 Rk S5p WM, E=2(p—p7p).
3 “BEA"REFBHIARR IR
£ 5 QED fEV A HHE T ER AL, X BB Bl A B B4 (21), RITK B X#R [6—10]

PR R, 7L T R —F T WA B ERA—EIEATE. Vif (2D A
ERARBEN)RET—K:

Sl oy (22)
ERERNT BHTA ¢ BAED I
=-Ilnf+ C,, (23)
S B ME B A C,. H(23) R E (20) R 83
ot HI(3(2] £ ol 2)- (12 -2 (-2 )
) 03 (oo i) 2]
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bV p2 + bV p* 4 e, (24)
w_ af4 4 _4 )
bt -M(31n2+ Tlnu - 5Ci ), (25)
w_ a2
bZ - "#3( 15)’ (26)

HE: 6 p? X—THSEKQDRFE AR F RIS, ENRA LB
B EREEC, MEBRFRB T TREL . RIFEEL ML HE AED R B
THLAWRE. FLUEE b =0 RBNADRP » WBEGE « FRREGTRER
RER AT B2, x BRHEBRRENTARERTHEM.

KU HY  ERIERE p, + 1) 5] q, + )2 A lip 118, TR

@ _ 1 |<i|H(2)}P’Sz>|2_
D e Swj dyJ, (27)
(" K dk
= EE, (28)
ETREELIBEN e R=EKME:
g?f = —i J=—EFInf+ C, & + Cy& + C, (29)
AED _&eu|2uf(,, b T AR _BIYE R Y
7Y ” !3){}_(1 ;1_) ]n(l . ) Ll_ : )ln( 1 61|H 9(’1)
4 "’( & 4 4 l
,‘;'-4(h‘14+Illr:}—4(9—7--f—+(,%l +2+ i.ln;z—-' & ]('\ﬂ) ‘
b + b2 p* + bP p* + (30)
bP = %——8[4(1n2+]ny)—4cz—&—%}, (31)
“ o
p® = g—zi(——1n2+2+i1n 4 ) (32)
! 4 mu\3 R o Tty
2
@ _ g a ( 1
b = & M3( 15). (33)

RERNRHEEMEERE C,,C, FC,. B, b p? mmsgmaﬁ,@ o B

ERE B TRTAKRSIEN 67 p TELHE X o EBE, 8 C, WHE—TTREEFRE
WE o M bod FHABER:C,=Inu. FR

- B _gaf4

bi”—zﬂ, g = 2"(31n2+2), (34)
I LTERER C, M C, #7180 =0, XBARINEICHE R SERARETNY
B0, MEFHRTFENERERET.

AT, b7 p B o £ HSE T RO 46 IE 5 0 T AR B
o = T2 (35)
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KR, BNELSBEFHENCHEER(ERLR)
2 4
VY PR SN S 6)

%Elﬁi( - é%)E(ll)iﬁ‘i’iﬁ’iﬂﬂimlﬂ,(35)5(“%%/7?&913‘ p BB IE t 5] & 4 89 Bk

- g ()RR R AR A TR A B E S 5 T
£, EIEHBERBIMEN, BRT). U, 43 HYH HOWER, RITA
b, = bV + b = b, (37)
mMEEMA"EH :
B2 = b+ P + Lo(3p+ 38 + ) = —%-(1.998082), (38)
' 8u T/ obs

BE—SPRE—NER OIS, L O’ )MITFR p~pq, UEHIC pa W
fﬂ? X b,.

4 B TFHEREEBUMNFERTH

1.HFHBBEAEY. E2H0G8)RGE, RIAEHEE(0)RXES D p* WP
fa:
fj (Znl| p*| Znl) = 4p*{Znl | (H, - V)(H, - ‘QI @Q{
42 (€2 - 26,V + V?) -

o _— 27% ot
R V=2e,, V2= Aei ominn)),

8 b, 2"
AEE:I!= {(2121)—3]712404’ (39)

Hob o= D RBRER.
2. HIXHEHEBIE i Dirac HBESERT m SR ML M2,

Z42
OB =-RySE| AT -4

S BH(AH)TR:

v o_ 80324 -& 2
AET = 157n° (m) Ry (41)
B 4. JBTHHER r, TiSIEX S EHFHEREE™,
2
AE™ = % %(%) Rydy. (42)

REMFERS, 1 H2 RBEEM,3K2,4 B,
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5.MERF,Z=1,m,=1836.1527 m,,r,=0.862 fm:

% — 1625.2796 MHz, (43)
Rad _ 2 by _
AEzsl,z—w,,2 =3 " 1083.5197 MHz,

AEY  =- 27.0845 Mz,
AEYS = 0.0865 MHz,
#2S,, 2P, B LSHBBHEY
- L% = 1056. 522 MHz, (44)
XHEMME(1)RXA/M0.13%.
6. SRR T, m, =3670.4831 m., rg=2.115 fm, 718
L®%, = 1057.229 MHz, (45)
XHETEHEQ)RA/M0.19%.
7.3 EIEF 4D, —4S,, MEERE ((8)R) , XS tEBE IE - B KK —I .
AE™ s = 1823.8875 MHz,
it F (R FRE S =, EL S
1 b,

AEEI‘)d—“S = '—0 7 =-162.528 MI_IZy
B -8/ E AEE s =3.3856 MHz BB /MY AEN .o = —0.0108 MHz, /518 5]
AEDE . = 1664.734 MHz, (46)

XHELBRMEB)IR/N1.66%.
8. MRHZES LM ()X & (HiZk HLS), W
AE™(HLS) = 3932.7576 MHz,
AE™(HLS) = 565.0386 MHz,
AEY(HLS) = - 23.6989 MHz,
AE™(HLS) = 0.0757 MHz,

ik k18 B E

Ab = B, - %Ezs + LE = 4474.173 MHz, (47)

4
XHELREG)R/NT 6.7%.
9. MRENEE FHERART 1S B LS,
AER = 52% = 8126.398 MHz,
WA SR [ 3] X, A XIS HBIE,Bin £ AETR AEN 18
L% = 7910. 414 MHz, (48)

XHWXRR[3FHZ(6) R(RERLESBBMHTHE)L/N3.2%.
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1. XKL T B 5 B /R BB R B8 B A2k <2 BT R (39), (40), (41)F(42) MR Z
i, 35 (39) XA SCH 3 H KX T B RBAMBIE.

2RBZRET AT ARKNEHBIERSH I b,p° , MRK b, T LITEIRIEN
QED it it W H@H.

3HAFMEBMOLEEE LR FERREEANIRENARNEFRAIRE.
B RERRNFAAEH N RMNABKEHBE, FXLE LSTRAE TERRRS
RETHERBE. REEE, RIABES V=05, THHANDXAF AT
FRR ., EERKT HYSRABHBIE, I ER F A% BH AKSIEM HY &
BIE. RITABBIE (B o BHEL) , MAREREH—FE.

4.(46)—(48)FAMH AL RAREHM/D, FETRER: (a) RITA T MM B
THEHHEAEBE, XX S HIRHRETERA(LHE 1S &, Dirac EEBER K
R#, EREH L Bohr WRKESH p* B5); (b) A Dirac IF B EH B ER
m B TABRERER)WEBHE. ERITER, B THERARN, BT ARRE
RIRBLF R B & BB KT K", {B7E Dirac T BHFEB YU B — A B RFHF L,
M SERR BB %A — B (A —ERETRY). (OHERH QED BIEF%.

5. A&XFEHE QED — Bl R H M AXEFRA 1,33 8H HAHE RN T
AF BLE,QEDAAWE I TALER - R TFWM~E—TERT; AN ERR™
E—XERETFRARLFR, 21 X &7 A E i 6 R " K 3t S B & 3R — &HE WA
EFA R (p)BH T, TTX R Pauli FHEFE AL .

BAVH 7 LUG 8 E P — e X M .
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Lamb Shift Calculated by a Semiquantitative Method

NI GuangJiong” WANG HaiBin  YAN Jun” LI HaiLong"
(Department of Physics, Fudan University , Shanghai 200433, China )

Abstract The radiative correction of self-energy of an electron moving with momentum p
and emitting-absorbing the virtual photon is calculated by the noncovariant quantum pertur-
bation theory to have the form being b, p*. After adding modifications arising from the vacu-
um polarization and finite nucleus size, we find the Lamb shift (LS) of 25, — 2P, states in
Hydrogen atom being 1056. 522 MHz, smaller than the experimental value 1057. 845 MHz
by 0.13%. Taking the relativistic modification by Dirac equation into account, the energy
differences of 4Ds;,-4S,;, states, the so-called Hyper LS and absolute LS of 1S state in
Hydrogen are also calculated with maximum discrepancy up to 6.7%. The reasons are ana-
lyzed. For dealing with the divergence, we propose a simple but effective regularization-renor-
malization method, showing that we have to reconfirm the reduced mass first before bringing

a finite and fixed modification to it via radiative corrections.

Key words Lamb shift, quantum electrodynamics, radiation correction, perturbation theo-
ry, virtual photon, reduced mass, renormalization, spin magnetic moment
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