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12.4 The optical theorem

Theorem:
The total cross section is equal to (471/k)
times the imaginary part of the forward
scattering amplitude ;

I
Oror = L2 Im { €+ F(Ko. ko))

nb.nb | 3

Example:
Recall short-wavelength scattering from a
conducting sphere.
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€ - fan(k, ko) = —~ [ﬂ'ﬂ’({ ERE (0 ). (12.62)
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The forward scattering amplitude

-» - A D A
Set k = kg and €( k) = €

A2 A 5> o
€o*f=€*(Ffan+fun)

K e e Ry Dy
S o Jn (R ko) (bod) - (404

the integral = the projected area = ma®

Proof of the general theorem:

E = Einc+t Escand B = Binc+ Bsc

- . - - -
E inc= €o Eo e'ko'x and Binc=k 0 x Einc
mpower absorbed

Pabs= - <=4 da’ Re( E x B*)+ A’
abs= - 8_7r§5 a e( X ) n
Epower scattered

- _C ! =4 s * A
Psc = 8_rr§5 da Re(Esc x Bsc )‘ n




mincident power
. - C ' -). -). * A
Pinc = 8_7T§5 da R@(Elnc x Binc ) °n
Pinc = O
mextinguished power Pexi=Pabs+Psc
c

Pex1‘=-8—rr Sda

- - - - N
. Re(Esc x Binc*+ Einc*x Bsc) ‘n

Pext = - 8%(!26{ E) 955 da' exp(-iko.x")

A - - - A N -
[A'.( Escx( kox €0) )+ n'.( €ox Bsc)]}
Some vector algebra =
Pext = - -“Re{ £5 ¢ da’ exp(-iko.X)
A - A A -
Eo.[ n'x Bsc+ kox ( n' x Esc)]
Now go back and look up the general equa-
tion for the scattering amplitude

i1~ EQA49

o FT TN ik TN S e g o s =
£ - flk.ky) = [ da’ e— % [e’.‘ (A % Bee) + € - (k% (A x By _|;} :
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Thus,

c A D o

Pext = EIm{ Eo* Eoeo* f( ko, ko)l

The result is
Pext

inc.flux

. C
tot = where inc.flux = _8 - | Eo | 2
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Otot = TIm{Ein'f(kolko)}




