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From (2la) and the u^ (r) for k > 0, > o in (13), we get 

4-1-Sin ßr ;0<r<R 
asin BR 

and with (13), for vo. we have from (12a) 

R 
+ To 2R-2 

R 

Blan BR sin BR ..(24) 
Ir pR n+n = 0, 1, 2,..; a stands to to and (24) simplifies and the total cros 

in terms of a and ro is 

4Tta 

I+a (a-ro) K+aro k 
13/15 SCATTERING BY A PERFECTLY RIGID SPHERE 

A perfectly rigid sphere of radius a is represented by the potential 

(o for r <a 
V(r) = {o for r> a 

The wave function vanishes for r<a. 

The Schoredinger wave equation (radial part) for r>a [V () = 0] is 

+)2mE 2Eu)= 0 

Substituting 5 = kr or r = 7, we have 

dE .(1) 

Further substituting 4 () = ) 
(2) 

in (1,) we get 

-J]- .3) 

This is the Bessel's equation of order| + Its general solution is linear combination of Bessels 
function J1+ 1/2 () and Neumann's function Ni+ 1/2 (). The solution N+ 1/2 is not satisfactory Since diverges at 5 = 0; therefore the solution of (3)is expressed as 

where is a constant chosen for conveience and it does not affect the solution of the probic 

- V(|g uy5) = 
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Now u ()) = ji ) in the spherical Bessel's function, i.e. 

(4) 
The spherical Neumann's functions are defined as 

ni E) = (-1" VJ1- 1/2) .(5) 
Therefore the general solution of (1) is expressed as 

u = A j (5) + Bni (E) 
(6) where A and B are constants. 

For o, Ji+ 1/2 = Vi- 
Lim ji () = V n 12 () = sin (-/Y2) 

..(7) 

Also 
...(8) 0n (5) = - Cos (- In/2) 

Substituting A = C cos ö and B = - C sin ôj in (6), we get 
u Ccos oy jt G)-C sin ôy n () 

= Ci (kr) cos ô- (kr) sin 6il ...9) 
This equation represents the solution of wave equation for r> a. When r = a, the wave function 

vanishes, 
i.e. u (r) = 0 at r = a; 

then equation (9) gi ves 
0 Cli ka) cos -n (ka) sin ô 

J (ka) 
n (ka) 

...(10) tan d = or 

h 
This equation gives phase shift öy for f" partial wave. 

ir (ka) 
jf (ka) + ni (ka) 

sins ô = .(11) From (10) 

The scattering cross-section for 1" partial wave is given by 

/ =(2/+ 1) sin 8, = 4T (2/+ 1)_jif 
k i+ n 

...(12) 

The total scattering cross-section is 

i 41 (21+ 1)2 

k 
(13) Ototal 

From this cquation the eross-section at all energies may be evaluatcd. 

Now let us discuss the following two limiting cases 

(1) Low Energy Limit: Thc low energy limit implies the domain of k for which ka < < 1. we have 
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