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B A FRBERE, i — 2D HEZRE X Al ] PR g
AR, A3 PIAR Z [B] A — D5 | g, RIEE 44
AR PEARIR TS, 3 F:
n? he

" g o
(1) =R WAz a) A Al AR Y, BI-R DY R 2R
1. 2, a RARIEIFEES, BT ¢ 43 il B v 4K
FOEEE. /(1) AT RA&RE: (1) XA B4 e A
AR A PR B, T AR T B B A R B n, e,
PAKARIEIREES a, DR YRR Iy HAT S 3E 7 %)
TR e WU UL R YRR 0™ A R vl T
TR FIAHXEREON; R UK IR g 2 Bt AR 18] B B LA
TR (4) ARy ; 5 R BAY Rk
IRSIEW 1.

HI TR PUOR R B3, AT AR T 1] A o
AT (dimensional analysis) A H (1) 21
FRKR. ZIEMPCFATI & B AR (Casimir “F4R),
M TRPEKIR T PR T 57 R0N FIAHX IR,
HIt PY5 re b, w4 [he] = E-L, [P] =
E/L3; A [n) et B — 36 A4 B8 RUJRE 2 Al 1] i 2
a; RN HAGH: P~ hefa®. W, {75 R 4X
OIATTC A AR DU R 2R 3% 3 ) RN RNAT
Tl 7 R EACRL A TR, AR SO RS
2t RVRIR BT B S RERY T

22 5EEREHANXE

ARATRERRVERIR S BRI FE 5 5%, PR H A ey
R T X 43 F (B JE 48 B H- B 77 (van der Waals
force) 7ER BRI retarded 1HIE TR P, LLK
RPUKIR I I R 1 K JRé vz 8 T Sl B H-
W 1 .

Xof IS A R s P IR R R B9 ) % T Casimir ¢
FRVERIR T, BEARIR 2R AT 8 2 43
TAFHE AR S8R sh . PSR EpIRZS Rt T
A 25 Ay IR0 AH B FH T AS Bl A A=A 1) B 2R
S (R-WEAHAE). i Z B2 5K van der Waals
B BA SR T BB O van der Waals J7 2, A LA
RS . FEXMEIET, van der Waals 5 AT
SMGTF I RST (HEBR AN ) FIAAAR 5[l 4H
HAER S (FEfEFEH ). X iSRS T
T L S R — e RE R 5 1, e IR s AR

RSB A2 BE R B A, P (AT AR 43
5 8] FE R BB M & 1 F iR 2
London 1, FRAEHT] (dispersion force), H:
SRR TR 2 B AL (polarizability).

London T35 & Bl: P> Hh 43 [0] 19 €2 K
FIZRI R —A DL =S 3 9 iy W 5 | AH B 34, Horp
roer IR, MR R, f8 80O -6 2 T %
J125rF TSR AR TAE R, T
Tk, o 1A A, i SR AR 1
WY E~1/r3, 5 F 27EHY EAER T AR
W p ~aFE ~1/r%, KB o BT MR,
HHEANEHBEV ~ —p- B~ -1/15.

Derjaguin-Landau-Verwey-Overbeek
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FeE VERILE . YRR B 4 RO A R IR R
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RAEBER . R EEAEE T, Verwey
Overbeek & B, 528 701 Z [ W 5 | F3 L 1/76
TR R, SEBR BN A% 2 1/r7. Verwey Fl
Overbeek KIS UE, iX /2 K M 7E London # it
B WA B AR, MR R RIEE (R R
JE) AHREF RO 43§ ROBEAR K, PR M5 2275 TEA
XHEMEIE.

Casimir 52 T XM, 5 Polder £1F, H
ST T London FEE, A T AHXHERN 7 2k By
Jit 1 retardation & N, #fE T 43 F Al
Casimir-Polder fHEAEH, J& r 7 ARSI )1, Z
J&i, Casimir 1A~ Casimir-Polder 43 [1] Jj (315
TS, A B, 7E 5 3UR (Bohr) Ri2
i, BRI I 5 E S REA K. ZFH A
J&, Casimir 585 T W 2 ST M =22 18] < V5K 2R JT 1)
THE, AR B A R SRR B AR PERIR
J1n (1) A

RPUARIR TR sk fige, JF A 5 AR KR
. X AT RN M AT TE SHE T w4 rh ik
o3 F Z IR 51 g, BRI Y vt o728 B~
TR IR, )25 7 A AR | LT IR ANME
fRad TR F. R, FATHEAG I, RPERIRT N
fH AW G T3, BAATIRBA 5644 N B 1Y i
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IR BRI TR a A L E- 5, SR
RIEC LRI 1 oW ek, JF H,
FEVTS 2B E A AR 2 (8] 08 S, AT 5
RVEKIR AU L HT Sy a7 X 43 Y4 T BT
JIERE S, IEARBVER T, MO TR A o
T, RPECKIR IR RKBER 1, KBRS o
T, RIS .

T, FATAMEEAR B 7 2235, WA
AR BETTIE (scaling argument) 15 H 4> H 4 43
FZ B EECT, F55 London MYAAL & FHXHERL
I B4 non-retarded & .l Casimir-Polder 197 [&
FXHEMEIE ) retarded ¢ U,

Z W AR T S VRV R g
HH s SRR 2 w,. JETHREE 5T, [alEE
R r B 43 () AH B SRR IR B T IR X

Vst () e
Horp ) S W5 77, v R T PR T T
TR, hwo BARRIFFIERE R, c/wy BIKRM
FRIEFE RS, f(x)&2— D ToENbn B R g, T4
non-retarded Fll retarded PIFMETE 2 [A]#E4 11U .
D) FEE IR, B r < (c/wy), PisrT2ZEAY
B AL LI TR /NTF AR (], ASTE 2255 IEAR XA AL
N, B f(z) = %8, X FEREFS 3] London Y45 5
V (r) = —hwy (VlVg/TG).
) FEKEEE L, B r > (c/wy), PIZrF2Z[E 11
7 AR B B R TR R B R 75 255 SRR XTI 3K
7. LGB AE AR FH 50 PO SR AR R AE B[]
B wy, AT HRTEI wy, B f (2) = /2, XS H
Casimir-Polder FJZ58: V (r) ~ —he (ViVa/rT), H
H, OEE ¢ B EUAREL T AR XTI AR

3 it &
T 48 LA T2 S5 B 7K AR ) 1
B, 3 ELkH o gh 3% B IE B AL

(regularization) #1T4144.

3.1 —HFEIRE

HAEH R — s ] %
bR dg, S BR TR 8], OBk A v T AR A
(Dirichlet boundary condition) 5| AZJH, 5 [E]#E

M a.

T8, B br g A& VE y— 4k
SRR . BT, BRSSESET, R
K w BB IRTHA F SRR hw /2. bR 0 % 5 g
HITR ARSI T R E BB M. ZBRIEIE T, t
NFEAHGE, RVFRIER: w, = ck,, X5, k, =
(nmm)/a, n=1,2,3,

ARG RN iR MRS ¢

By(a)= 23 3)

WAR, IRTCTT RECR AL, TR, T2
Xt (3) AT IEMAL. A 2R ERAL T, X
BATRILLLT PR 71k
3.1.1  EmHEE

Sl PR f (n, ) = exp (—kn/A), X B,
r=A"">0. REGHLE: f(n,0)=1;f(n,z #0) =
0, %k, > A FHILA:

EO (CL, .13)
fic <= nn fic 0

_ " It a—z(nm/a) 1" Y —x(nn/a)
2 ngl a ¢ 2 Ox ngle

he O ( e—n/a ) hen grn/a

2 % 1 — e—=n/a - E(ewn/a_l)Q
gl 11 2
Ex [(mn/a>2 ERRS
_ hea whe 9
_21'[1'2_%+O($)' (4)

T # 0, (4) g5 ERA R/ NE
SHEE. TEIEMAL TR, & 2 — 0, BARH A
L, 88 IO BRI, Mk O(2?) — 0.

T ar b B A B B WG T I A AR R Y
H B e, X2 B #E (renormalization).
A A EASRE.

1 H BB T, b i 5 & 2 0 ik 7% 15
w (k) = Ve2k? = c|k|. HZSHE>

hel [ dk hel [
o gy e L/ kdk.  (5)
2 —c0 27t 275 0

RBUS BB, BUE A E IR B f (ko) =
exp (—ok) BGEHUAL, XL 2 =~ 0. 4

hel [*° hcL kel
Ef(z)="—= dkke "k = (2
o) =T | dkke = SEoT) (6)
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U(z) S5 e . P, A BRI A

Ban==7—=5=2 0

AR, ZEERIESETZRESGE (4) X E AL
HO. BRI R IERAL R PSR R BE &

mhe

E. (z,a) = Ey (a,7) — E} (a,z) = ~%a + 0 (m2) ,
(8)
B IR « — 0, 153~ PEKR g
Ec(a’) = _;[THZ’ (9)
THERPEARIR T
_ 0E.(a)  mhc
F=- da  24a?’ (10)

RO — NG ). RS AT LG
1) SR T HAE B N e, LA
PR a, SROMANTIICOC, PR PEARIR ) HATEE
2) M TEENE, FREECR o W RN E
B85, WA =FE- L, [F]=E/L, ateA N
IME— R, 80H F ~ he/a?;

3) W KRNI, T S BT, X
A SR W R B, WO s, FedgR i, 4K
TR AY AR A RS RVEOKR
JInAHERR BN G|, e BT B R T

3.1.2  zeta HEEH
HOE LA

Ey(a,s) = % i (%)1—25

n=1
n 1-2s X
E:Tll 2s
2 a

=2 sy,

(1) X Pl T 22 2 zeta pRBCHT F B E X -
=)= n7r FAVHIGH, SHOE X HRAE
Re(z) > 18k, B (11) 2 RLAL RE & i Wi SICEK
JERe(s) > 1. SR, 222 zeta PRELT LUHNT B4 2
OV, f&— D HAE 2 = 147 ] B AR a5 19 37 40 bR
# (meromorphic function).
TEIERAL 7 i i s — 0. FIFH g BT SE 41 5 %2
2 zeta PBRACIE LA C(—1) = —1/12, 15 %]
Ey(a) = lim Ey(a, s) = —(nhc)/(24a), [ (9) 2 i

1o TR PR BCE AL T RS B A R — 2 W] DL,
zeta PR (NFR T22E zeta pR%L) IEALALIE —Fib
HRAUAHE R TE AL 575 19,

3.2 =Y RIEBEHLIF

ARG Casimir X T H25 1 52 B B #E 5 1
i1 AN[EF Casimir % H Y Euler-Maclaurin 5
%, BATH zeta PREGERAL 7 7 BTS2 45

e e, R — 4R+ E i
JE, B Al 1k Sk vE AR . TR A A
A~ Casimir AR, MR A, BrEEEA o BEIFHF

TE¥s Bk TR RAE R wi, 0 = /K2 + (nn/a)®,
Hrp ) n=0,£1,+2,- .. F&E, AR TS0
i, X L nﬁﬁ%ﬂﬁfﬂlﬁﬁ B, XN T ER
Wik T OtT) Ik A B, TR, A
(ky, 0) TR, IR n = 0.

TR Z BRI EZ b
Ah &2k, &
B0=7 | G X e
Ah [ k)
- 2 " . 12
2 0 (21)° [;wh Tk, 0] (12)

wEEWREE o TR, 153] Casimir GE&E:

AR [ %k &
E§ (a) =2 x — n)szklv"
n=1

2 —00

Ahic [ Pk, & nmy 2] /2
=2x — k2 +(— 1
% 2 _Oo(2n)2 [J‘—’_(a)} » (13)

AR, (13) L. MAEESIAEMALH T 5, #EFIE
BALHY Casimir RER U T :
E§ (a, s)

*© 2k, & nmn
_ Ahc[m on? ; [ki + (?)

= AhC(a)S 2 i 25[ Qfd.’L‘ .’L‘ + 1](1*28)/2

n=1

2] (1-25)/2

3—2s
-5 () e gy
7 (14) AR, FJFHT?«\?; zeta PRELII AL
FE X, EOE SIS E K Re (s) > 2. FFHAE
SKICGF T IHBE T Re (s) > 3/2.
PRAELE TE ML RE R (14) P BUR R s—0, |
FES zeta REYMITIES, PTAH ¢ (—-3) = 1/120.

(14)
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A (14) X, 153 HA7 AR Casimir BEHL:
E§ (a) n?he

AT 72063 (15)
M) Casimir J1°8
_ 10Ef(a)  m*hc
P(a) = A da  240a*’ (16)

B (1) 2. AR 25 2 B 5 1 R PR R
T3, AR A K.

4 R R KRA

FEIE SRR G T A, P S ik ) GRS B
KL, FI P S BA KR, 5I ANy
AL Al LR PE KR 7. 1978 4F, Fisher #l de
Gennes % JE7E M TR AW AA T 5] AP~ Casimir
A, BIPIASEAT I 0 AR, TR SH R IR AW
AT B I B, MR P S (R E) B
KARICHR IR Tk s, JCHRKE € — o T MR
TETE, BRVETERAE L, Fisher Al de Gennes ™A R
M) Al AR PEKIR ).

Il PR VUK R B EHE e, AT HR
ST S IRIN L. B TREE AEAE, BUCRE &R,
TR R A B EE Fla). AHfER 1 iEhE,
PRI SRR A L. S anikyk 2 ks,
IWHRHERE B INAE kp T, W T ORI A Im AR sk
P, ) ) — N R RUBE ) RIAR [A1EE @ PR 4
ST, SEEIAT LA

A
F(a) = CheT 5, (17)
Hrp ClREEH AL
IR UEIR AT LA RS T B ) Blob J7ik

FEEAT AR P S ik v 2 Ak v, TR ]
5E A Blob, HaEm MAFIERE R ks T3 T OREK
JE & H, B AR R A ME— R AR R o, BlCHA
Blob ABUE o*; KR 1 Blob 3t H K g=(Aa)/a®
= A/a®; KRR HMAEN F ~ gksT = ksTA/a>.
i F e G 5L —FF, 5385 5 5 C MEUE
T B B R TR . — Ok UL, IR AR PEK
IR FTEE H BT LA 3 W h R T 2R
PERIR A2 2%, 0 R Oy R S —
LRPERRIS, 1A B AH AR [ U — AN AR R 1
WL A AR A IR R e R R
d=4 - ¢ RITEHAR. HEMBERR, hFIERRAER

Tt RACRA b BEAZ M, IF Bty g A28
P, PRl DUHISE 18 5905 0 S 1E H AL 55
HIRATTAE Y, AT PR B A i B e 2R A,
I 55 P K 2R J7 RT LU 5 1 s HE T+ 77, B 1
¥ CATIERT f

5 XAEHEAR

P S P 3E E FH AT A, AR R PR i SRR
B, B = A S AE ATl kT (Goldstone particle) i
KAEHERL (Goldstone mode), X /& —F & BTt Y
s, PRI R R ORI P 8h e fm i im Ao 25 7
HERPEARIR ]

Gt e B, RESEAEE Y R AR
O(n) XFREY n-KEBERIT /R, RRWITSH:
= (Y1, 00, ,y) . KRS BRI X TP 2
T HA SN R DTS I, IR R R
H R RFRR SR, RS i s ke 288 7K 0 e 1Y) 3 2T
BEXITFR, 7E n-oR i 2s Al { & 38— 5 [l HES,
RRIAATFE. FSEIRTEB 1A T1T
TAHFI7 AL (BB Al (n — DA EE T
A7 ) R T A (R RmAR). BT A
BORTT EAERE, IR KRR OCHER Ik V% . 75 245 1,
Il RSB TR R A Y, L AR A o
2, B T B IE R AT T e I AR K
IR SR, ANPR T ilm At A, 2 o i 1Y) 2 A A0 A
FEAE TR RS LT,

T DA LA 3K 4 5 B b ) 451 o U B e A
WrisBas S R -RVDKR ). 1) Wi, WA R
T RPRIR AR, X —4r TR AE G TR
SIATHUR R BE, BT LAAIFGE AR 2R 10 3% B2 i o)
FRVE. a0 BRIk, SCOpt ok [ AR At T S R i A
T AR @ B AT DA S AR R PG KR ). 2) i
JEEE AL . P T B A T P T R I S SRR
Pk, PRS2 PR 2 BRI E AR, X L
S F (phonon), 75 5 B AT 1Y B 4H ik
7% (capillary fluctuations). 7E sl A 51 A
GNRLIRY), BB R R Bk T R, PR AT LA
PEERVEKIRT). 3) BREYW. RAEWMGHH 1B
— N EHEELERE de Gennes MR TR G Y ) HESR
PRFRIRE 6T [ LRI T8 ) o1 LA AL IE n-
RERAIR) n— 0 B PR IA L a0 Bk, n-K i
B (n — D) RAEHHERL, #5775 IRTER S WIEIR
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G APIAS Casimir S, T 3G AEHE G 1Y
RPERIR T

~ (n—=1)0F (a) n—o OF (a)
Pla)=="—35, _(_ Aaa)’

(18)
I, SR ik 15 5175 S 1R PR IR 15—
RPORIR IS, AR — MY R PE ORI T3 2 5
71, WER G5 TR PRIR 1 HE Ry o,

6 SLEEEE

H i3 1 # B R PEKIR I 7E 1948 4R
J&, BIR T —RIBY S5 TAEREUE-R PG KK ).
T E— T RPN, B (1) A5 P~
~1.3x10° atmx (1 pm/a)* (1 atm=101.325 kPa).
I, MAREIFE a=1 pm B, RPEKIR TR H
1.3 mPa, X &2 — D2 EUE 1. Wl M E]
PR RHOKLUT, RPEKRIRIILL ot 7K.

SRS, S B RNOZAEROR RUBE I &
PURIR ). A — S8 P B4 R PR R 0 552
5 TAE 121 R — S ks B Y S g ik 31 s
TRVEKRIRIAEROK R A RE 2L E R,
WL T R AR PR R T B AR, EERAERORR
JE ) — LG m LA RIS b AR ROKR L R G
(microelectromechanical systems, MEMS)!—17]
X SEAOK RO B B 7 FH AT 5 B0 T A E 22 1Y
[P 1)t T RVERIR IS ), d R ors
BTE— B M IR W TAE, AB4, afar SR vk
IRHER T35 2) T A AR AR, B4, dnfe]
A Casimir “FARA PRSI Z IR ).

It 5 PG K IR 7 %) Hi 001 5 30 45 W 9T
T NEA 28 7 8 R 78 o B8 JE ) 28 g ot A ) AR
FEAE P TCIR G VR MR I S s BT Je Ak 5 R T A AR
Y 0L, R 3t e 3 A s A b 5 78 Tl AR P oK
IR I ARS8 R PR IR S — M . e
PRSI S AL () BT, P2 i Bk i 78 R o
ARl Sk % | 12K TE TRV B A R T (T A
il FR T AN A ) =Z [A175 S AR P KR I 5 |
01, FERRRAR. AR Ty U, I 5k Is
O, WIS T AR S K B, RSB [ 2 i 5t
FULEBYEE, MR/, AP 1) 8
WAHAS R P 25 (AR AR ) K7 BOR AR T E AR
S AE AR R VER RIS I Ty DL R
Bolm A LL A /) 2) B R R 2 A R

B, FER A, B0, Bk i e
5 (BT ) V5" A2 P T 8] A9 R PEOR 2R 5 |
71, BE—2B IR/ MR PR A R B TR R T
S AR 1

7T —HERE

FERVEKIR ST B Ab B rp ) A7 — S ZE AR
1) K A2 5535k 7 A 5 A AE BV FE Lt i) 30
AR TR, XA B R TR R ) RUBE i 43
5, BIARFEL 58 Bl A RRAE B (R 2 K A kv
FARFAER [B]. XA BEAR I 1 R e — A B A2 SR
RZE ) B ARz SR 1A w158 —
AT KT BT A R, 7 24 o 25 D)5 )
BRI AR, XA AL F . HUA X T
M RVER, TBA N BT F AR AEA. 2) 78
Casimir A 930 F 451, AR TCo5 #E, IRk
A7 LBAY TN ZE B RN

TERVEKIR SIS A S, XA R oE
AIG2en) K. Lifshitz20 fl Woods &5 U K& T
Lifshitz B8, ISR R VUK IR 14T 2 5L bR b1
BUAR, RIS FERCE BIMES: T 2 il Fit sh i
sk, AT AR EE T AT A R 2
6] (A B AEH /1. Schwinger? #H B C 1Y & T3%
& non operator iiiAS, EIIEHIS (source theory),
RS T RVOKIR D), fEZf i th 2
& S RE. Rl YRR A, ATIARE A
RPCAKIRIII LI, T LUK A ik 52544,
A DU TR IR B2 37508 vh il A% 3 18 (Matsubara
formulation) ¥ ¥ EE 51 A8 7 ok 1) Ji 0 1 2%
L. FEF A S rh, I8 AT LUE 7R AL B R RR 25 6]
(non Euclidean) i Hy JC #1 5t 25 8] (#4441 $b 14 5t
(topology) 5| A “Identification” 4y %5, 73—
T, PERREOCHRER V%A By T4 1, AT AIRAEAE
PR R L, B fE s R AT DU P AR &R
P R AR P R AR DGR AT O, XA AR R A A
R, WA R IEMWYRAE, SO — AR
RPCKIR DM EZIFE 2, FEAR i, 5P R
LG, JEP AR R AR VORR ARG G M. X
SO AR PR R B R SR ARG R Ji 2.

8 ZpfEZ
ASCHE T T SR PEKAR . il %5 A
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KA KBRS R Bk I, A G | s 7
W AR, URARFE R R, aTRLA T, R
KIRPy B 1B LSz TS ). FER K
RVWRIR S RIBEFT R, LA E Y £ 5, 38 5 fF
FELTR BN SEIAIAL BT 125, LA BMIFTEA ) 2
AR ARSI T = A, RPOKRIR I = —A
SO SE WS 1), A A B R PR IR T
WS, TEAN TR BT FERE H A7 [0 Z [ 2 I AR DA
BRI EE, s 122 BN R POR IR T T
ROV WL e, TEROR LU g it b, b2
FIERVEARIRTT, I R AT 4 S A R Y
SEFIPIRE, il 5 e | AP AR K
IR ST AR IR G A F R S5 H RN A T B
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Abstract

Casimir force in quantum electrodynamics is the representation of zero point energy of vacuum. Depending

on the type of fluctuation medium, generalized Casimir force covers a wide spectrum of topics in physics, such

as, quantum, critical, Goldstone mode, and non-equilibrium Casimir force. In general, long range correlated

fluctuations and constraints are two conditions for generating the Casimir force. In this paper, through a survey

of the development of Casimir physics, we discuss several types of Casimir forces and several regularization

methods. We end the paper with an outlook for the further development of Casimir physics in the future.
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