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1. Derive and expression for the polar angle after scattering for ionized impurity 

scattering and for polar optical phonon scattering for parabolic bands. 

2. As discussed in lecture notes, updating the carrier momentum after scattering is most 

easily accomplished in the rotated coordinate system. The rotated x-axis is related to 

the original x-axis by xZYxr ��  , where Y  describes a rotation of   about the y-

axis, and Z  describes a rotation of  about the z-axis.  The angles  and  represent 

the polar and the azimuthal angles of the carrier momentum in the original coordinate 

system before the scattering event. 

(a) Calculate the rotation matrices Y  and Z . 

(b) If the azimuthal and the polar angles after the scattering event in the rotated 

coordinate system are  and , and the scattering process is elastic, calculate 

the wavevector components along the principal axes in the original 

coordinate system after the scattering event. 



























































+EXI�0IEOEKI







+EXI�0IEOEKI


*SV�WYF�QMGVSQIXIV�HIZMGIW��HYI�XS�WQEPPIV�S\MHI�XLMGORIWW��XLIVI�MW�


WMKRMJMGERX�GSRHYGXERGI�FIMRK�QIEWYVIH�SR�XLI�KEXI�GSRXEGX���8LI JMRMXI�


KEXI�GYVVIRX�KMZIW�VMWI�XS�XLI�JSPPS[MRK�IJJIGXW�


2IKEXMZI�!"�HIKVEHEXMSR�MR�XLI�HIZMGI�STIVEXMRK�GLEVEGXIVMWXMGW�[MXL�


XMQI�HYI�XS�S\MHI�GLEVKMRK��PEVKIV�SJJ�WXEXI�TS[IV�HMWWMTEXMSR


4SWMXMZI�!"�RSR�ZSPEXMPI�QIQSVMIW�YXMPM^I�XLI�KEXI�GYVVIRX�XS�TVSKVEQ�


ERH�IVEWI�GLEVKI�SR�XLI�cJPSEXMRK�GSRXEGXd f *0%7,��*0383<��


))4631


8LIVI�EVI�X[S�HMJJIVIRX�X]TIW�SJ�GSRHYGXMSR�QIGLERMWQW�XS�XLI�MRWYPEXSV�


PE]IV�


8YRRIPMRK���*S[PIV�2SVHLIMQ SV��HMVIGX XYRRIPMRK�TVSGIWW


,SX�GEVVMIV�MRNIGXMSR���PYGO]�IPIGXVSR�QSHIP SV� 'SRGERRSR QSHIP


)PIGXVSR�MW�IQMXXIH�MRXS�XLI�S\MHI�


[LIR�MX�KEMRW�WYJJMGMIRX�IRIVK]�XS�


SZIVGSQI�XLI�MRWYPEXSV�WIQMGSR�


HYGXSV FEVVMIV�


e 7MQMPEV�XS�XLI�PYGO]�IPIGXVSR�QSHIP��FYX�


EWWYQIW�RSR�1E\[IPPMER LMKL�IRIVK]�XEMP�SR�


XLI�HMWXVMFYXMSR�JYRGXMSR�


e 6IUYMVIW�WSPYXMSR�SJ�XLI�IRIVK]�FEPERGI�


IUYEXMSR�JSV�GEVVMIV�XIQTIVEXYVI�







8YRRIPMRK�'YVVIRXW


8LVII�X]TIW�SJ�XYRRIPMRK�TVSGIWWIW�EVI�WGLIQEXMGEPP]�WLS[R�FIPS[


�GSYVXIW]�SJ�(��/��7GLVSHIV



e *SV�X
S\
� ������*S[PIV�2SVHLIMQ �*2
�XYRRIPMRK�HSQMREXIW


e *SV�X
S\
 �������HMVIGX�XYRRIPMRK�FIGSQIW�MQTSVXERX


e -
HMV
"�-
*2


EX�E�KMZIR�:
S\
[LIR�HMVIGX�XYRRIPMRK�EGXMZI


e *SV�KMZIR�IPIGXVMG�JMIPH� � -
*2�


MRHITIRHIRX�SJ�S\MHI�XLMGORIWW


� -
HMV


HITIRHW�SR�S\MHI�XLMGORIWW


JJJJ
& :


S\
"�JJJJ


&


:
S\
!�JJJJ


&


:
S\
 �JJJJ


&


*2 *2�(MVIGX (MVIGX


X
S\


JJJJ
& :


S\
"�JJJJ


&


:
S\
!�JJJJ


&


:
S\
 �JJJJ


&


*2 *2�(MVIGX (MVIGX


X
S\







7MKRMJMGERGI�SJ�+EXI�0IEOEKI


��
���


��
���


��
���


��
���


��
��


��
��


��
��


� �� ��� ��� ��� ���


8IGLRSPSK]�+IRIVEXMSR��RQ



-
SR


-
+


-
SJJ


%W�S\MHI�XLMGORIWW�HIGVIEWIW��XLI�KEXI�GYVVIRX�FIGSQIW�QSVI�


MQTSVXERX���-X�IZIRXYEPP]�HSQMREXIW�XLI�SJJ�WXEXI�PIEOEKI�GYVVIRX���-
(
EX�


:
+
!���:



8LI�HVEMR�GYVVIRX�-
(
EW�E�JYRGXMSR�SJ�XIGLRSPSK]�KIRIVEXMSR�MW�WLS[R�


FIPS[��GSYVXIW]�SJ�(��/��7GLVSHIV








*S[PIV�2SVHLIMQ 8YRRIPMRK


�


)
*


*
&


�


)
*


*
&


E


2S�ETTPMIH�FMEW ;MXL�ETTPMIH�FMEW


� I)\


\�E\MW


8LI�HMJJIVIRGI�FIX[IIR�XLI�*IVQM�PIZIP�ERH�XLI�XST�SJ�XLI�FEVVMIV�MW�


HIRSXIH�F]�*
&


%GGSVHMRK�XS�;/&�ETTVS\MQEXMSR��XLI�XYRRIPMRK�GSIJJMGMIRX�XLVSYKL�XLMW�


XVMERKYPEV�FEVVMIV�IUYEPW�XS�


K��


E


H\\8


�



��I\T [LIVI� � 
I)\
Q


\
&
�*!K


�


��



�







*S[PIV�2SVHLIMQ 8YRRIPMRK


8LI�JMREP�I\TVIWWMSR�JSV�XLI�


*S[PIV�2SVHLIMQ XYRRIPMRK�


GSIJJMGMIRX�MW�


-QTSVXERX�RSXIW�


8LI�EFSZI�I\TVIWWMSR�


I\TPEMRW�XYRRIPMRK�TVSGIWW�


SRP]�UYEPMXEXMZIP]�FIGEYWI�


XLI�EHHMXMSREP�EXXVEGXMSR�SJ�


XLI�IPIGXVSR�FEGO�XS�XLI�TPEXI�


MW�RSX�MRGPYHIH


(YI�XS�WYVJEGI�


MQTIVJIGXMSRW��XLI�WYVJEGI�


JMIPH�GLERKIW�ERH�GER�QEOI�


PEVKI�HMJJIVIRGI�MR�XLI�VIWYPXW


*
��


I)


Q


8
&


�


���


I\T


���


'EPGYPEXIH�ERH�I\TIVMQIRXEP�XYRRIP�


GYVVIRX�GLEVEGXIVMWXMGW�JSV�YPXVE�XLMR�S\MHI�


PE]IVW�


�1��(ITEW IX�EP���7SPMH�7XEXI�)PIGXVSRMGW��:SP��


����2S�����TT�����������������






