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Question I (1) 

�� = � �� ℏΩ	 cos	� 0ℏΩ	∗ cos	� �� ℏΩ� cos��0 ℏΩ�∗ cos�� �� � 

 

Using RWA, Ωcos� ≈ ��Ω����. the matrix simplifies to 
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Question I (2) 

Using the time dependent Schrödinger equation, 
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Question II (1) IJK, MN = − 2Oℏ�PQ R sin PRU

V WJRN	XR 
= 2OWVℏ�P Q R	Y&ZPR[

V XR 
= 2OWVℏ�P \]− RP cos PR^V[ +Q cos PRP[

V XR_ 
= 2OWVℏ�P \− P̀ cos P` + asin PRP� bV[_ = 2OWVℏ�P� 21P sin PR − ` cos P`3 XcXΩ = |IJK, MN|� = 4O�WV�ℏfPf 21P sin PR − ` cos P`3� 

 

Question II (2) 

The optical theorem is a general law of wave scattering theory, it relates the total cross-

section to the imaginary part of the forward scattering amplitude. It has the formula c�g� = 4hP iOjIJ0Nk 
where IJ0N is the scattering amplitude at K = 0. It is derived using the conservation of 

probabilities in the derivations of the partial wave analysis. It is applicable for both elastic & 

inelastic scattering. 

 

Question II (3) c�g� = 0 , which cannot be true! The results don’t make sense because the theorem is 

derived vigorously, but the Born approximation used here was only 1st order. 

 

Question III (1) 

The selection rules say ΔO = ±1,0 and Δn = ±1. Since it iss in the ground state, we have Z = 1, n = 0,O = 0. It can move to states like |200o, |210o, |21 − 1o, |211o. ∴ n = 1,O = −1,0,1. 
 

Question III (2) �J�N = �VpJ�Nq̂ 			⇒ 				W = �VqspJ�N tu←� = wxyuVwz�{J�Nwy�V|w� 
= 1ℏ� }Q xyuVw�g~�J�N�wy�V|	��.���!��0��ℏ�

V X��}� 
= |Xu�|�ℏ� �V� }Q pJ�N��.���!��0��ℏ�

V X��}� 
= |Xu�|�ℏ� �V� 
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Question IV 

Using the Gaussian wavefunction, ���� ��� �!��� 
x��| = ℏ��2O + �2�h Q ��f�!����U

!U X� 
�2�h Q ��f�!����U

!U X� = 2�2���h �� h8� 2 18�3� 4!2!� = 3�16�� 
x��| = ℏ��2O + 3�16�� Xx��|X� = ℏ�2O − 3�8�� = 0, ⇒ 				� = 23O�4ℏ� 3

��
 

 

∴ the expected ground state energy, 

x��| = ℏ�2O 23O�4ℏ� 3
�� + 3�16 23O�4ℏ� 3!

�� = 34\3ℏf�4O�_�� 
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