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Y, =3 (Lamb shift)
The Nobel Prize in Physics 1955

Willis Eugene Lamb

Born: 1913, Los Angeles, CA, USA

Died: 2008, Tucson, AZ, USA

Affiliation: Stanford University

Prize motivation: "for his discoveries concerning
the fine structure of the hydrogen spectrum."

“According to Niels Bohr‘s atomic model, a photon is emitted when an
electron descends to a lower energy level. This results in a spectrum with
lines corresponding to the different energy levels of different atoms. It
appeared that the lines were divided into several lines close to one another,
which Paul Dirac tried to explain in a theory. However, in 1947 Willis
Lamb used precise measurements to establish what became known as the
Lamb shift: what ought to have been a single energy level in the hydrogen
atom according to Paul Dirac's theory actually was two nearby levels
with a small difference in energy”

https://www.nobelprize.org/prizes/physics/1955/lamb/facts/

27



(a) BIRERVERSR: SLH AR ZS/RE F2s BEEREL2p BER 291 GH:
o NETHENGERKE (ZEAIEBSTHBHASEZD

4s4p4daf

3s3p3d

2s2p

A A
lv A A

X F 25128 BE: By=c1— (g — ) =1 +1/2

[+1

-13.6 eV 1s

W$2p1/zﬁgﬂﬁ= Ey =c1—c; G_%)'j =1-1/2
EIME, = E,, NEEERE

28



19474E, W. E. Lamb# Rutherford F 51575 il 5 75 55 M 18 2s,

Et2p, ,BRIESAER B H 1057 MHz, £9A1 GHz, XMEZVBHE.

FEFYPRERPARZBUABRREAAREETEFZEHTE
WELHEER, MREEEERZN LB TRERB RS E
717, ZMTHERMETAEEE0)F, BE 5) BIFHkKE
SEFRICH” .
ETHFEFRPLEBREMZBUBHNEE. L LEE
Feynman, DysonFALZRTEFHEIHER, XPMOBEAF#HT
ENRR. BRI ELLBE S,

MandelfiIShorF AL AHEFAFHNEEFELRBRET ZHURB.

THEE—MR LR85 A G2 =BT E

29



(b) [BIREHY R IR

o AETHFIERD, FRAFEHFEMET HERA
L2 5 R IX AN B’

o MEBRMEFAEMRY, Zids EHF F5L5H:
WBEC, EFREEREUREBTEREFRSGSH

o AFLZHMIBIprh, FFREETH, XIANEZHE

o SETHREMERCHEERHIE:

(_%vz +V(@)) op(r) = Enpn(r)
ﬂq:'n =2, 5@}1‘2281/2%2131/25155

30



® THHXISME: BTINERIFE T, HIFHFTHFH
“ERSEN”. EEFAFESD, MEBFER—IEF, EiF
LEAMMHER, SEEFESTHITEY: Q|EW)H
(WIE2[Y)e MEDRGEFR|Y)BAAE? REREL|0).

n=2

o SN FHIEHEN BB NF = —eE BHMEEE
‘RAVFEITHE

31



o

| ———25,,(1=0) %
7 43V | @ ;:
& : 2py, (7=1)

‘SETHRHNRETFREZEIINFHES, ZE
HEFpFEREIE R, XMER~%ELamb #3)"

COEPEPREMERYD TEERM «BFHEPVRIHE

BT s ) 5 R TR
KA, R
(RFELERRTBABRKEALRE, WHEHKEKEBHIH)

32



RSB IENT:
AV =V(# + 67) — V(P) ‘

1
~ §r - VV () + E((SF - V)2V () N

HhES R 2T .
F—UHTHEFEMNG (AFED) THKEZEEEMER, L
(6r) =0, IFRL(O|E|0) = 0.
BB

1 e?
2. )2 — (572 w2 _
(57 - V)2V) = (67 >Vac3\7< mor)
atom

HP(572)  HEFMEEREEEZTSTRARENES. &
E—8aNEMTFTEFARMEFRRZEEENFEY. EH—
T1/3893k R ) &&

33



—

(AV) = S (87 - V)2V ()

N

2
(6F-V)2V(?)=(6x 9 oy L iss. i) v
ox 3y 9z

5x? o —+6 o + 622 o’ + 26x6 o + 26y8 o + 26x6 o |4
= xX° - -— Z X VAN Z -
Y5y 922 Y axay TV Gyaz T 2907 gxaz

M eMzxe o rfl, NESKENMRFSHNEHNER
6 2 az—V — 6 2 az_V 6 6 aZV — 6 5 _aZV
. ox2| ~ (0x*)vaw * D2 t y\OxXoy - d9xdy = (8x6Y )vaw * 9xdy

67 =06x -8 +8y-é, +0z é,RRATHUNEERNE FAEKZE
6x = drsinf cos @,
0y = érsinfsing,
0z = ércos@,
872 = 6x?% + 6y? + 622

atom

34F013573 1202245 18 14 s = A B B i 1 B e B

34



HTEZB#KEESEEMN
(6x2)vac = <6y2>vac:<6zz>vac = §<6F2>vac

(6x68Y)pac = (672 sin? O cos ¢ sin @ ),q¢

EEFEMKENARED BRI, FUE A BERINRD A

(A 2T VA 2T
1
(sin? 8 cos @ sin @ )yqc(p,0) = ] sin? @ sin 0 d6 f cos@sing dy = f sin? @ sin 0 d@ f > sin2¢@dp =0
0 0 0 0
Fr AR %H
(0x8Y)yac = 0 = (8x62)yqc = (6Y82Z)pqc
TZF R ; a2V a2V R
(67 - V2V (@) = (6x%)pay - W + (6 )vav - 'a? +(62%)pay * '67
atom atom atom
_Ligry [0V, OV 0%
=3O v T\ 52 T 52 T g2
atom

1.,
= §(6r2)vav ) <V2V)atom

35



1 e?
<(5’F ’ V)2V> — (67;)2)\]3(: —VZ -
3 ATTeyr
atom

® %ﬁﬁﬁ?ﬂ'ﬂziﬂ y 5(‘1:]:281/2?&’5

025(0) = (87a )1/2,a07'7£525J—\'4:11, AJ {5

.
v’ <_ 4Arte r) T 4me fdr 935 (F)V? ( )‘PZS(T)
0%/ atom 0

V2 (1) = —4ns (@), HiBL

82 ez e?
v (_ ) = —|25(0)|* = 5
t

Aenr €
0"/ atom 0 8megag

ﬁﬁN?Zpl/z,j&, (pzp(O) =0

36



® HitHE(67%)yace OFRETHIHE, FrRA, BERWRE(SH)RENRT
HEFSPRTEY, BAXBRREIMNIKS, TREAZSHT. &
BIFAT, EERAKNBEEXGT, BFHAUBEEFMERH
B (GmE_ER) -
d? 28
mﬁ(&)k = —eE},
XA RR IS T LA IR IE KT 3 /RPIE RIS shi R 2 AL
B, Blv >» vy =mnc/aoht. AILLAASrREIERNIRS, B:
(67)(t) = (67),(0)e ™ + c.c.
RAEBENFEATLFE

(61 = Ej

mc2k?

305 SHM TR BT S .



® ZIEXERBHIGERRAE, = e are VT + H.cRMIFE]

<57_"> )vac =0

.

e = Y (-—23) (0lEZ]0)
k

e \? hck
- zk:(mczkz) 2&,V
Sehe, = (224)", measiah, MAEE, RALN
#sy, B

L 3
Z 59 (—) j4nk2dk
- 2T

38



1 ([e? (h>2 dk
~ 2gom2 \ Ac ) \mc k

EXNMEHHNBRTFERFENLTIR. FRERZAREE
Bv > nc/ay, Bk >m/ay. EBRBERICKT RIS
k <mc/hft, EERRIEARIL, BFUWSHENEILB
K. &L, BoaE:

; 1 [e?\/ h\* 4eyhc
(672)yac = (=) 1

2eom? \ hc ) \mc e?

39



EiRRS e, BREFERAERTFIE, BREFREFETERKE
FHRER)

47T€0h2
40 = e
NFR 5 7
me/h de mc/h mcay 4eghc
f —=1|n = ]n = In >
t/a, K m/ag hm e

40



o FHIttZWUBRHIRIAR K

4 e?

(AV) = 3

34mey 4meghc

mc/) 81

In
3 2
ag e

e’ (h)z 1 4eghc

KARFHEHEFSE GHz, 5£WNSHY

1057 MHz&

%

] —&Ezﬂﬂl‘] o E
FLHBBION RS HREAURFIFRE=8L

AT LR S, FIH

41



it

1. SETH, HER—@#ENITERAETREREFE
“shift” ? KJRFIE?

2. MREFEFLEB/IIMNBY (FREZES) BEP,
B FEshift, KNS EG?

3. MRETFAEFPENNANXTEEP, BEFEshift,
Kpandar?

4. MRFEFEIFEAMRIE, XFshiftH TR0 ?

5. Casimir}], RETRZHE

42



He R FRIEB 9 3k -

1. NEW TEST OF QED FROM A MEASUREMENT OF THE 42S1/2-
42F5/2 3-PHOTON TRANSITION IN HE+, {ff&: MAJUMDER,

PK; PIPKIN. FM, PHYSICAL REVIEW LETTERS %: 63 Hj: 4 Ta:
372-375 HARSE: JUL 24 1989

2. LAMB SHIFT IN THE N=4 STATE OF HE+, {E#: MOHR. PJ
PHYSICALREVIEWA %: 44 Hi: 7 Ti: R4089-R4090 HhR4E:
OCT 11991

3. MEASUREMENT OF THE LAMB SHIFTS IN SINGLET LEVELS OF
ATOMIC HELIUM, {E#: LICHTEN, W; SHINER, D; ZHOU, ZX
PHYSICALREVIEW A %: 43 HA: 3 T3: 1663-1665 HAN4E: FEB 1
1991

43


http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=28&SID=6BVQB3hEMNzETS6V6sP&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=28&SID=6BVQB3hEMNzETS6V6sP&page=1&doc=1
http://apps.webofknowledge.com/OutboundService.do?SID=6BVQB3hEMNzETS6V6sP&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=305667
http://apps.webofknowledge.com/OutboundService.do?SID=6BVQB3hEMNzETS6V6sP&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=305667
http://apps.webofknowledge.com/OutboundService.do?SID=6BVQB3hEMNzETS6V6sP&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=60198
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=26&SID=6BVQB3hEMNzETS6V6sP&page=1&doc=1
http://apps.webofknowledge.com/OutboundService.do?SID=6BVQB3hEMNzETS6V6sP&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=14828
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=26&SID=6BVQB3hEMNzETS6V6sP&page=1&doc=4
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=26&SID=6BVQB3hEMNzETS6V6sP&page=1&doc=4
http://apps.webofknowledge.com/OutboundService.do?SID=6BVQB3hEMNzETS6V6sP&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=626666
http://apps.webofknowledge.com/OutboundService.do?SID=6BVQB3hEMNzETS6V6sP&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=3194683
http://apps.webofknowledge.com/OutboundService.do?SID=6BVQB3hEMNzETS6V6sP&mode=rrcAuthorRecordService&action=go&product=WOS&lang=zh_CN&daisIds=28277443

SEFHREMNEREGHMIL:

PHYSICAL REVIEW A 77, 062501 (2008)

Lamb shift due to surface plasmon polariton modes

Qingging Sun,'? M. Al-Amri,>* Ali Kamli,*’ and M. Suhail Zubairy'*
IDepartmem of Physics and Institute of Quantum Studies, Texas A&M University, College Station, Texas 77843-4242, USA

The Lamb shift of a hydrogen atom due to the surface plasmon polariton (SPP) modes is calculated and we
observe both band edge and surface enhancement. The atom sits inside a thin metal slab which is sandwiched
by two semi-infinite dielectrics. The SPP dispersion relation shows a band gap if the two dielectrics have
different dielectric constants. We find the magnitude of the 2P, level shift increases rapidly when the level
separation is close to the high band edge. But the low band edge enhancement can be overwhelmed by the
decreasing trend of the shift. If the atom is placed close to either surface or if the slab is narrow, all the level
shifts would be large because of the surface enhancement. An interesting feature is that the 2P, , level shift can
be larger than the 2§ level shift due to the nonisotropic fields.
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FIG. 5. (Color online) Contribution to both level shifts decrease
to zero when the slab become too thick. This is another example of
the surface effect.
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|&d Selected for a Viewpoint in Physics week ending
PRL 108, 173601 (2012) PHYSICAL REVIEW LETTERS 27 APRIL 2012
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Cooperative Lamb Shift in an Atomic Vapor Layer of Nanometer Thickness

J. Keaveney,' A. Sargsyan,” U. Krohn," I. G. Hughes,' D. Sarkisyan,” and C.S. Adams"*

' Department of Physics, Rochester Building, Durham University, South Road, Durham DHI 3LE, United Kingdom
2Institute for Physical Research, National Academy of Sciences—Ashtarak 2, 0203, Armenia
(Received 25 January 2012; published 23 April 2012)

We present an experimental measurement of the cooperative Lamb shift and the Lorentz shift using a
nanothickness atomic vapor layer with tunable thickness and atomic density. The cooperative Lamb shift
arises due to the exchange of virtual photons between identical atoms. The interference between the
forward and backward propagating virtual fields is confirmed by the thickness dependence of the shift,
which has a spatial frequency equal to twice that of the optical field. The demonstration of cooperative
interactions in an easily scalable system opens the door to a new domain for nonlinear optics.
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FIG. 3 (color online). Shift of resonance lines with density.
Measured shift of resonance lines with density and fit to the
linear, high density region for € = 90 nm (red squares, dashed
line) and € = 250 nm (blue circles, solid line).
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History and Some Aspects of the Lamb Shift

G. Jordan Maclay

Quantum Fields LLC, 147 Hunt Club Drive, St. Charles, IL 60174, USA; jordanmaclay @quantumfields.com
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Abstract: Radiation is a process common to classical and quantum systems with very different effects in
each regime. In a quantum system, the interaction of a bound electron with its own radiation field leads
to complex shifts in the energy levels of the electron, with the real part of the shift corresponding to a
shift in the energy level and the imaginary part to the width of the energy level. The most celebrated
radiative shift is the Lamb shift between the 251, and the 2py/; levels of the hydrogen atom. The
measurement of this shift in 1947 by Willis Lamb Jr. proved that the prediction by Dirac theory that
the energy levels were degenerate was incorrect. Hans Bethe's calculation of the shift showed how to
deal with the divergences plaguing the existing theories and led to the understanding that interactions
with the zero-point vacuum field, the lowest energy state of the quantized electromagnetic field, have
measurable effects, not just resetting the zero of energy. This understanding led to the development
of modern quantum electrodynamics (QED). This historical pedagogic paper explores the history of
Bethe’s calculation and its significance. It explores radiative effects in classical and quantum systems

from different perspectives, with the emphasis on understanding the fundamental physical phenomena.

Illustrations are drawn from systems with central forces, the H atom, and the three-dimensional harmonic
oscillator. A first-order QED calculation of the complex radiative shift for a spinless electron is explored
using the equations of motion and the mass? operator, describing the fundamental phenomena involved,
and relating the results to Feynman diagrams.
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The Casimir effect in microstructured geometries

Alejandro W. Rodriguez'?, Federico Capasso™ and Steven G. Johnson?

In 1948, Hendrik Casimir predicted that a generalized version of van der Waals forces would arise between two metal plates due
to quantum fluctuations of the electromagnetic field. These forces become significant in micromechanical systems at submi-
crometre scales, such as in the adhesion between movable parts. The Casimir force, through a close connection to classical pho-
tonics, can depend strongly on the shapes and compositions of the objects, stimulating a decades-long search for geometries
in which the force behaves very differently from the monotonic attractive force first predicted by Casimir. Recent theoretical
and experimental developments have led to a new understanding of the force in complex microstructured geometries, includ-
ing through recent theoretical predictions of Casimir repulsion between vacuum-separated metals, the stable suspension of
objects and unusual non-additive and temperature effects, as well as experimental observations of repulsion in fluids, non-
additive forces in nanotrench surfaces and the influence of new material choices.
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