
 
 
 

Oak Ridge N
Lu
at
iz
io
 L
n
e
a
a
l 
l
L
 
aboratory 

Le
E
c
n
t
g
u
i
r
n
e
e
s
e
 P
ri
r
n
e
g
s
 
e
D
n
e
t
p
e
 
d
ar
 at the Nuclear 

Mas
T
sa
e
c
c
h
h
u
n
s
o
e
l
t
o
t
g
s
y
 I
 
n
tm
sti
e
t
n
u
t
t
 
e
o
 
f
o
 t
f 
he 

 
(MIT) 

 
 
 
 
 
 
 
 
 

Courtesy of Luiz Leal, Oak Ridge National Laboratory. Used with permission.



 
Scat

 

tering: 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and 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effects) 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 the 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 same 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Simple System 
 

 
 

The  scattered  waves  arriving  at  the 
detector  are  combinations  of  the  waves 
s
 
cattered at A and 

e

B

ikr

 and are give by 

ψsc (r,θ,ϕ)→−a
r

eik(r
− a

+BC )

r + BC  
 
The  scattering  lengths are  the  same  for both 

€ 
nuclei.    



 
Since  r >> BC r + BC
b
 
e replaced by r 

The segment BC
 
BC

 is give as 

 
= d sinθ cosϕ

Suggested Home

 

work: 
Show the above expression 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int: 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 angle  between 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eikr
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i

.
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ψsc (r,θ,ϕ) = −
r  

 

[a aeikd sinθ cosϕ ]

D
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(
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)

 the u
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a
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ikd
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f

θ
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cos

T

θ ϕ = +

ti

ϕ

on 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he differential scattering cros

]
s section is  

,    in  the denominator  can 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σ s(θ,ϕ) = f (θ,ϕ)
 

2
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c
m
r
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t
c
a
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i
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n
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b
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sing the expression for 
½
 

u
 (two nuclei) 

 with a factor 

1
σ s(θ,ϕ) =

2  
 

a2 [1+ cos(kd sinθ cosϕ)]

 
Suggested homework: 
 
B

 

ehavior  of  σ s(θ,ϕ)   for  kd  <<  1  (low 
energy) and kd >> 1, (high energy) 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 special  case  for 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ϕ = 0,  i.

1
σ s(θ,0) =

2
2k

 
 

a2 [1+ cos(kd sinθ)]

Since 
π

=
λ  

 
1

σ s(θ,0) =
2

da2 1+ cos(2π
λ

 

 
θ sin )
 
 

We see that 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

a

  

i



n
x

 

whe  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of σ s(θ,ϕ)  occurs 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law for 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In general the situation is: 

 
 
Neutrons incident are scattered by an angle 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Bragg’s Law is 

θ

 
nλ = 2d sinθ
n =1,2,3...  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for: 

(a)
 
 λ > 2d  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Bragg 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E(eV )  
 

(cm)
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n 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2.  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spin 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N
C
o
ry
n
s
‐
t
c
a
o
l
n
) 
stant 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spacing 

 
 
(

 

a) 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t

f
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e
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1
σ s(θ,ϕ) =

2
Maximum: 

[a21 + a22 + 2a1a2 cos(kd sinθ cosϕ)]
 

 
max 1

σ s (θ,ϕ) =
2  

 

(a1 + a2)
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: 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In  general  for 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with 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The  expression  for 

€ 

  can  be written 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expression above 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
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The statistical spin factor is given as  
 

2Jg(J) +1
=
(2i +1)(2I +1)

 
J +
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=
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and
r =

 
r  1 − r 2  

 
r  = r  '1 − r  '2  
T
 
he redu

m
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1m

 ma

2
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is: 

µ =
m1 + m2

 
o

 
 
(a

A

) 

ssu

 V

m
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e
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a
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n e
a
l
s
a
s
s
 
t
m
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s
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Quantum −

d2ψ
dx 2

 

  

 

T
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levels will be 

 

 

 
 

 

2m
+

2

Classical
d2x (E
dt 2

En = w(n
 

+

= −k(x − x0)

x = x0 sin(wt +ϕ)

kw =
m
; w = 2

 

πν

1E0 =
2
w

3E1 =
2
w

5E2 = w

Mechanics

 
 

 
 

 

1
−
2
kx 2)ψ = 0

1
2
); n = 0,1,2,...

  

2
etc
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(b) Rotational Mode: 
 

 
 
(i) 

E

 
1

=
2
m 2 1
1υ1 +

2
 

m 2
2υ 2

for

 

υ1 = wr1 and υ 2 = wr2  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Classical energy of 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