Casimir

Casimir effect for metal plates

|casimir (1948) -

There is an attraction between twometal

prlates which is due to the perturbation
of

the photon vacuum produced by metal
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plates.

The force per area 1s :

¢  hc
240 a4

f= -

Introduction

Assume there are two parallel metal plates (in the x-y plane) separated by a distance a in z-
direction. In between the plates the photon momentum is quantized in the perpendicular

direction. Energy and number of photon modes between the plates differ from their vacuum
values
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sin[kya] = 0;

(1)

(2)

k = (ky, ky) - parallel momentum;

(2)

|Energy and force

dE d® k dk, 1 d® k dk,
(—) =2 — W = w;
dV /! vace (2 J"T)z 27w 2 (2 J‘.‘,‘)z 27

(3)
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2 comes from two polirizations of photons. — w is the contribution of each photonmode to the vacuum energy:

k;is the z — component of the momentun, k = (ky, k), @ = VEk2+ ktz .
dE
Deriving conventional running waves boundary conditions are assumed.
AY

dE
(E)met= ZJ (2;02 o

oo

Z is the summation over the discrete perpendicular momentum. For

=—aa

1 oo
running waves the summation reads — E . However,
a

n=—coo
for metals one needs to use zero boindary conditions,
which means that standing waves are neaded. Each standing

wave corresponds to two runningwaves, thus giving a factor of

two. This fact needs to be compensated for by the explicit

1 (]
factor1l /2 in front of the summation, resultingin 2— Z
a

n=-—oo
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|Renormalization

dE dE dE
( dv )Ren ; ( dv )met ) (_)vac )
axe [ (5)
(2m)%2 [ 2a Z\/ J : K
Scale ki, ki-=2 Vv, ki= ? (6)
dE 1 d*k - 2 = 2
(&) | 2 Z\/k2+(z_n) _Lm\/ke+ (22) ©
Simplify notation, identifyingin the integralv = n (7)
dE 1 2
(E)Ren=z (2;1—)2 [H.ZL J dm]\/k2 (?rn) -
: _ : (7)
2a J (2 :r)z [mz_'m Jmmn] o
ou s (22 ®
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Energy per area A is (9)

dE dE 1 d? k = =
E = — = _— = = _ :

e AR I S ICE 9
Force per are (10)

f =

=)
8 a3

Z jdln] — (10)

n=-

|Scaling f =-Const/=
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(11)

(12)

(13)

(14)
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f=- el

foe) o0 o ) 5 (15)
Const = H—J Jdn— Z -

. 3 - n-i) VE+n?
|Calcu|ation of Const
Cutoff with the help of Gamma function
I (n) = Jt“'lExp[— t]dc; 16
t=zt;
(16)

file:/I/CJ/Documents¥%20and%20Settings/Mi sha/ M y%20D ocuments/MyWebPage/MyL ecturesQFT/Casimir-NoColor.html (8 of 18)27/09/2007 12:19:15 PM




Casimir-NoColor.nb

(16)

(16)

(16)

(17)

(18)
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a2 1 ac | [ =
Const = dn - n® Exp[-n® t] 20
4 \[x j £3/2 [J ;] (20)
Const = J. flit]. (21)
£3/2
0
[ @ ‘1
f[t] = Jdln n° Exp[-n°t]; (21)
\ 0 n=1 )
Numerical calculations
Const = JTE:E E'J' ftgl] dt ; (22)
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(22)

(22)

(23)

(23)
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Figure 1

(24)

(25)
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72
Const =

240

(25)

(240 / 7%) Const

Analytical calculation

-]

n=1

B2 [ ae [ ""
- _ 2 _n2E -
Const = 1 Yz Jdln Z n® Exp[-n“t];
0
0

(26)
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Pt ® (26)
conat 7372 dt ( d ) Jdl i Exp[-n? t ]
OIlST = - — In - X - Il =
4 £3/2 dt ~ ;
= 0
2 odt d, [ r = )
C [ ) Jone &) were
0 -co ===
732 ¢ dt d TS .
RTINS
0 f=-
Poisson summation formula
Let (27)
f[k] = Jdle[x] Exp[1 k x] (27)
Then the Poisson summation formula is valid (28)
Zf[n] = Zf[2:frm] (28)
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Example

(29)
f[x] = Exp[-t x°] (29
f[k] j:dle[x] Exp[-t x°® + 1k X] JrTEx.p S
= — + = — -
\ t 4t (29)
ZEXP[ tn?] = -~ zExp[— ;Tim?] (29)
e t t
Using the Poisson summation one gets (30)

Ctrrf‘fzjcnt(d) ZE[ €
onst = —— X n
8 £3/2 dt o =
ﬂ = - O
Const =
/2 dt d 7T 7T 7% m?
F VE - E Dl
8 t3/2 dt t t t
Mm=—o
0
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(31)

(32)

(33)
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Const =

}T2

240

(34)

Created by Mathematica (September 27, 2007)
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