Solution of the theoretical problem 3
3B. The Inverse Compton Scattering
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 the energies of the incident and scattered photon respectively. For this scattering process (see Fig. 1) energy conservation reads
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while the momentum conservation can be shown as (see        Figure                                       
Fig.2)
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Equations (1B.1) and (1B.2), combined with the 
energy-momentum relations                                    Figure 2
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lead to
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We have assumed that the kinetic energy of the incident electron is higher than its static energy, and the energy of the incident photon 
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2．Substitution of 
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Due to 
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In the case of 
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satisfying expression (1B.8). Therefore the maximum energy of the scattered photon
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corresponding to a wavelength 
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3．（1）It is obvious that if the incident electron gives its total kinetic energy to the photon, the photon gains the maximum energy from the incident electron through the scattering process, namely the electron should become at rest after the collision. In this case, we have (see Fig. 3）
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  (Conservation of energy) （1B.9）
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Subtracting (1B.10) from (1B.9) leads to the energy of the incident photon
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In above equation the energy- momentum relation
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has been taken into account. Therefore from Eq. (1B.9) we obtain the energy of the scattered photon        
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    (1B.13)               

（2）Similar to question 3. (1)，now we have (see Fig. 4)
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   (Conservation of energy) （1B.9）

                                                         Figure 4
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  That is,   
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Substitution of Eq. (1B.12) into Eq. (1B.14) yields
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On the other hand, square of Eq. (1B.9) results in

  
[image: image42.wmf]2222

000

(')()222

hEEhEhEEEh

nnnn

=+++--


Combination of the above two equations leads to
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That is,      
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Then, we obtain the energy of the incident photon
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Substitution of (1B.15) into Eq. (1B.9) gives the energy of the scattered photon

        
[image: image46.wmf]0

'

hhEEE

nn

=+-=

                (1B.16)

Explanatory notes about the solution of Question 3：

Question 3. (1) can also be solved as follows. According to Eq. (1B.6), the maximum energy 
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 that the photon of energy 
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where
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, we use the extreme condition 
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Let the numerator equal to zero, a quadratic equation results:
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Its two roots can be shown as
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Since the negative sign leads to a meaningless negative 
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where 
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 has been taken into account. This result is just the same as Eq. (1B.11).  The expression for 
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 is then the same as Eq. (1B.13).
Question 3. (2) can also be solved as follows

For the sake of simplification, it is assumed that the scattered photon and electron move in the same plane which the incident photon and electron moved in. Meanwhile the angles which the directions of the scattered photon and electron make with the direction of the incident electron are denoted by ( and ( respectively (see the figure). Then, we have
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  (Conservation of horizontal momentum) （1B.2’）
 and  
[image: image62.wmf]'

sin'sin,

hvhv

p

cc

yj

=+


or 

[image: image63.wmf]j

y

sin

'

sin

'

c

p

hv

hv

=

-

.    (Conservation of vertical momentum） （1B.3’）
(1B.2’)2+(1B.3’)2 leads to
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Square of Eq.(1B.1’) results in
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Substitution of the energy-momentum relation 
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into the above equation of energy conservation leads to 
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Comparison between Eq.（1B.4’）and Eq. (1B.5’) yields the energy of the scattered photon
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From (1B.6’) it can be seen that if 
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The energy that the photon gets from the electron is


[image: image71.wmf]2

2

2

2

2

2

2

2

2

max

)

(

'

v

h

c

p

hv

E

hv

hv

v

h

c

p

hv

hv

+

-

+

-

+

=

-

=

D

.                （1B.8’）

The extreme condition for 
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where 
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and 
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Simplifying this equation leads to
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i.e.,     
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Squaring both of the two sides of this equation yields
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Substitution of 
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into the above equation and making some simplifications yield
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that is,   
[image: image83.wmf]2

4

2

2

2

2

4

6

4

2

2

2

2

4

2

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

E

hv

hv

pc

E

hv

pc

pc

hv

E

hv

pc

E

pc

E

+

+

+

=

+

+

.

After some simplifications we obtain 
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which yields        
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Substitution of (1B.10’) into Eq. (1B.7’) leads to
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The results (1B.10’) and (1B.11’) are just the same as Eqs. (1B.15) and (1B.16) in the former solution.
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