ZCT 104 Final Exam

Academic Session 2013/14

Semester II

Solution for the Objective Questions

1. E

2. C

3. D

4. C

5. E

6. C

Q6 Regardless of its initial energy, a photon cannot undergo Compton scattering through an angle of more than 60° and still be able to produce an electron-positron pair. (Hint: Start by expressing the Compton wavelength of the electron in terms of the maximum photon wavelength needed for pair production.) (Beiser, Ex. 41, pg. 91)

Solution

[image: image1.png]2-41: Following the hint,
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where Engin = 2mc? is the minimum photon energy needed for pair production.
The scattered wavelength (a mazimum) corresponding to this minimum energy is
Aax = (h/Emin), 80 Ac =2 X,

At this point, it is possible to say that for the most energetic incoming photons,
A~0,andso 1—cos¢ = l for ' = A¢/2, from which cos ¢ = and ¢ = 60°. As an
alternative, the angle at Whl(‘h the scattered photons will have wavelength Alax €an
be found as a function of the incoming photon energy E; solving Equation (2.23)
with A = AL ..,

Al — A Al (he/E) 1 mc
— ] — [max = ] — [max S .
cos ¢ ———/\C o + o 2 + B
This expression shows that for £ > mc?, cos¢ = 1 and so ¢ = 60°, but it also

shows that, because cos ¢ must always be less than 1, for pair production at any

angle, F must be greater than 2m ¢2, which we know to be the case.




7. C

8. B A

9. D

10. D

11. C.
I, II, III

12. E. None of the above

13. C, II only.

14. B (II, III)

15. C (II only)

16. D (I, III)

17. E (none of the above; I, II, III are correct but not in the choice)

18. B (II,IV). Delta E proportional to alpha^2.

19. B

20. B

�





Alternative explanation:





In other words you are asked to prove that after Compton scattering, the outgoing wavelength of the photon must satisfy � EMBED MathType 5.0 Equation ��� when the scattered angle� EMBED MathType 5.0 Equation ���. 


This can be easily shown as follow: 


� EMBED MathType 5.0 Equation ���


It is then easily seen that if � EMBED MathType 5.0 Equation ���, � EMBED MathType 5.0 Equation ���>1/2 


 � EMBED MathType 5.0 Equation ���


 � EMBED MathType 5.0 Equation ���
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