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Useful mathematics and formulae 

  

 ���� 	
��� ����� �	���Lord Kelvin � �������� �� ��!"� �#$% & ��'#� ( 

       )*+, -�#� �� ��
	. /�$* (0�1
2 3#45 ��6.     �8�9. ���:!� ����5 0';"< /. 

 !� =.����   >2 ?��:"� @!* ���# A =. B�" ��!�  ?��9�*
 ?  C'D�E5 ��  &6 "#"<��FC . /.

     �9�*
 ?�G*2 �D �*HD IJ KJL�?� .         ��:M� N�� 3GJ6 C��9�*L� O!J �#D PL!> �A

 � ��8LF���"Q*L�@�Q� -�!E�.  

  

)�,� (������� 	�
� � A1.1 Trigonometry  

    C�R�R5 S�Q� @!*" 5 U��1C�R�R "      V�#!* �W '!J2 XDH* V#$�Y<& .  ?�R� /.

  5 Z�[ ��R�R�C             � ��*6+� Y\��1 ]�R� -�92 XQ> 	6'� � ^;�� /2 �$%  

�)$E Y1
 )`,`2( .?��c!�:  
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a
tansincos   so that   

cos

sin
tan    

  

 e6	 )f�g LM�*sine 6 cosine /2 cos(-θ) = cos(θ) /26 sin(-θ) = -sin(θ).  

h
���R�8 �*L�> �� e6'� iHD IJ jL[k �1�!� l�� )mA:  
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        )`,o2( 1sincos 22222     giving   cba     

    � ?�G*2 ?'���  ��8LF���"Q*L$�       /6'J lc!� p� (����G5 �*6+� N�� q�4"r

�s�D l��:  

  

)`,�2( 
                  و     

        

sincoscossin)sin(

sinsincoscos)cos(  

  

  
����� ��	 )
,
�.( ��� ���� ������� ����� ������ �������.  

  

 iHD tu�  �D
6	 ��      ��>6L"$�� �8�R$� ��	�!� �v�!� �   w	'!� S�Qx�� . l��

 39�* e�R5 )��<θ = 2π (hx + ky) 6  = 2π lz  C��!"� � i���2 2 ��$% / > ��y       

cos2π(hx + ky + lz) =.:  

  

)`,z2( 
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lzkyhxlzkyhx

2sin)(2sin

2cos)(2cos)(2cos
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)2sin()2cos()2cos(2sin()(2sin

)2sin()2sin()2cos()2cos()(2cos

khxkyhxkyhx

khxkyhxkyhx
 

 ]�~./:  

  

)`,n2( 

) 2sin() 2sin() 2cos() 2sin() 2cos() 2sin( -   

) 2cos()y 2sin() 2sin() 2cos() 2cos() 2cos(

     )(cos2

lzkyhxlzkyhx
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   6'�� ��.6        HD )!�J �J�!m� � �*�� ���r2 �#�:� '1 �#>u� .    iHD /�8 (HD Y�


               /��$�6 ����L8 �L�� )f�:"� ?�4�� ���"� qLcJ ��� )$EJ KQ�� �� �	�� C��!"�

��� � �'���6L��J )�  /�Q���Beevers- Lipson {�D p� (��>6L"$�� �8�R$� ��	�!5  

 Y� ��LJ 	'�S�<�� 3� ����!"5 3�C&�� L*
�8 .   

  

)�,�(������ ������  A1.2 Complex numbers 

  C��9�*L� �� �R� p�           ��m��#� L*
��8 C&��6 X��L� )��� 3� )��!"� 

  ���L5 	'�k 0';"Q�. .  ���L5 	'�k /         /��$� �� ?&'J I>�$� 0�1
2 ���Q�J {D 

'�6 .            {\�#f Kc� l�� �M�
 �$%6 Y1L� �� {��;"�6 {4�4� �+v I>�$5 l:Q*

 Kc;� l:Q* 	�!Jk '>�F
Argand plot � I�� �D �:� �)$E  Y�1
 )`,o2( .2 /

 {4�4� �+F V� /�$* 0�<L5 Y1L�a{��� �+F 6  b )R� ?��9�*
 V"J�"� �$%6 a + ib 

 ]��i2 = -1 . {��;"� �J�R� 
��"� �#$%i  �:M5 ����� �$� (X*L� {9�*
 Y1L�

       {��;"� Y1L� �$% �4J�Q� ��:v � ��c!5 V!�JL"�        ?���Q�4� 62 ?�J6LG� /�$* /2 �� 

�4<�#"� �4*LcJ.  
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����� ��	 )
,"�.(�#�� $%&  a + ib'��  %*+	� -!/ 0�& ��1Argand.  

  

               ��y�J w2 ����c4� �
�m� � �D {��� Y1
 )�R:"� �s8�$� �4*L� /.r 6 θ  � 

�)$E   Y1
 )`,o2(.        ��"� l�� Y1L�� �*6+� ���.6 )��!5 iHD l:Q�  .  /2  ��#"8L!�

X"$> /2 �#� �:Q� C�R�R5 S�Q~:  

  

   )sini(cossinicos i irerrrba            )`,}2( 

  

 ��	�!5 � ��';"Q5 ��[k �1�!�)`,}2 (/�$�:  

 
   i iesincos                  )`,�2( 

  

        ��DH5 C�1�!� YD2 �� �'�6 {D p�6�    )�$� C��9�*L� Y��  .  ��>��

 /2 h
���R�8 �*L�>r2 = a2 + b2 ?�G*2 �#*'� /�$*6 tan θ = b/a.  

    5 0�1
k ^\�m[ O!J /.     X��L"� )��� �v�!5 �:M� /�$� ���L .  ����:�

            {��;"� �+v �
�r. ��y� @!* wH� (�8L5 X�L5 	'!� H[u> /2 {D �c�QJ . H$D

 X�L5 	'!�� �8L5 X�L5 	'!� /�8a + ib  X"$* )R�(a + ib)*/�$*6       ?�*6�Q�� 

2��3 

24�45
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a - ib./�$� /2 'J& � SL9 /2 ��R� /2 l�� ?
	�1  X�L5 	'!48L� �V 	'� {c!* 

)��!5 3JL� �D wH� ?�x�x�:  

  

)`,�2( 222

222

                           

iii)i()i()i()i(

rba

bababababababa  

 

  

)�,��(����� ������ �����  A1.3 Waves and structure factors 

       �*
	�1 /�$> /2 'J&6 C�F�� {D ��#�Q� �!rk l��    /2   ?��9�*
 �M!� )��!"> .

   {D �x9�� ��F�5 e6'� �F  sines 6  �"F  cosines       � ��';"Q�� iHD /�$� ]�~ (

  C�F�:�� {9�*
 ��6 ..             ��� )�� '���> /2 ��� )$EJ X<�#5 �� V>sines 

6cosines    '� =. 	L�#� exp(iθ)   62 eiθ       ��	�!� � 'D�E� �D �:� )`,�2 .(   �D HD /.

    ��5 ��\L� X�Q�   C��<2 '�       �8�R$�6 X��L"� )��� C&	�!� � ���L� ��>6L"$��

) C&	�!�)`,`(6 ) `,o(e6k )m�� � ��"� l�� .(  

     X��L"� )��� /�$� )R5�JF(hkl)     �	�� C�F�:�� {9�*
 )�Rg {D  .  ��'�#�

       ��>6L"$�. �8�R� �
�� /�$"� �'x"� /�$�)     ?��!� C�F�� �8�9. )Rg p�(   /��$� (

  �:M� ���Q#� ��
�Q�.      � {9�*L� ��#�� /. �)$E   Y1
 )`,o2(      �!�< �� )$� �:Q* 

  �F�5|F(hkl)|    �Q#� �D
��6 (hkl)  �R% /2   ���.6 )��!�  �*6�    	L�#� X�L� 	'!�  .

w	�*HD )R� ���"� qLcJ X��L"� )��!� X"$* /2 =. :  

  

)`,`�2( (h))iexp(|(h)|        

))h(sin(|)h(|i))h(cos(|)h(|(h)ih)(h)(

F

FFBAF  
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 �����������  z��

   /�$� ]��   C����!�) C+���L�   ���	2 62 (  L����� (hkl)    c�<�J ���RW  �

5 C�>�$�"V� h.  

         ���	�!� (X���L"� )���� ��	�!� /.)`,`2 (      /2 L�M�� e6k )m��� � 

)h(h)( FF             ����L� 	'�2 {D e'*L8 C�<�$!� {D p� X��L"� )��� /2 w2 (

  O!�� �MG!�� �48L� .    �1�!� =. �Lr��� HD w	�* 2|)h(|)h(h)( FFF. �9��J  (�8

��� /2 '�X��L� {���� SL9 )�
�m� l�� V"J�"� �$% :  
 

))k()h(()()( )k()h()k()h((k)h)( ikihi eFFeFeFFF         )`,``2(  

  

 3:� 
��k6 SLG� X��L"� )��� Y�1 /2 �LM�� .   '�#� ?��:M� HD /�$*


�c� '*'x"� �Lr��� qL� ���c�.  

  

)�,��(��!"#��  A1.4 Vectors 

        l�� (i��6 �:�1 �, ��:� V>2 l�� V�"5 ���J       p�� ��*	'!� ��:$� �$� 

   K48 �:�1 �, /�$* .           /��$� Y� jL>  �<6 ���  'M�� ?��8�� /�$* �*L!"� HD

   �'��� C�M�":�� ��D��& Z�� .6          /2 ��$% C��M�"5 /2 �D HD C�!�� j'�.

     � �:� ?�!�  �G��)$E   Y1
 )`,�2( .   IM�"5  �G*x1   6 x12     ���#� ��c!�� ?�!� x2 (

 �!*)R� ?�*�F HD �� :  

  

     x1 + x12 = x2         )`,`o2( 

  

         6L~ w'��4� )$EJ X"$� C�M�"5 /2 ¡�&f     C�8��m�5 � �:� (�#�;

   �M��. tu>  �< p� .  IM�"5 /2 �� x1   6 x2        HD /�8 (���� � I�
H� {!9�� ��c!* 
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     l:Q* (39�� C�M�"�  L!*x12  (���. V�"�   ��. ?��c!�    �
H� �2    �
H� ��Q> 1 . /.

. X��L� �	��)`,`o2 ( )R� ���� V�"� �� �!*x12 = x2 – x1 ���� C�M�"� uE#�6 

 /�<L��J ��	 ��6 � iHD)���R� )m�� L�>.(  

���[ �  39�5 V�"5 /�$* X��L"� �'�6x C�>�$5 (x,y,z)/2 ]�~ :  

  

    x = ax + by + cz         )`,`o2( 

  

  ]��a  (b   6 c      ��$�E�� e�4"> C�M�"� {D ) ��    X���L"� �'�6 ���[ ( 

6x  (y  (z    �c4#�� �*LQ$� C��f'�� {D  .     �
H�� ���� V�"� /.2    �
H� ��1  �$% 

 H,V"J�"�)R� :  
 
 

x12 = x2 – x1 = (ax2 + by2 + cz2)- (ax1 + by1 + cz1) 
      = a(x2 - x1) + b(y2 - y1) + c(z2 - z1)       )`,`z2(  

  

  
����� ��	 )
,��.( ������ �����: x12 + x1 = x2.  
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 �����������  z�o

      � �c4> 39�� /�$* ()R5�J U�$!� +¢��    V�"5�J lc!� h      V�� /��$* wH� (

 C�>�$5(h,k,l) ]�~ ./:  

  

h = a*h + b*k + c*l         )`,`�2( 

  

  ]��a*  (b*   6 c*     5 ��$�E�� e�4"> C�M�"� {D �<�$!)  �� [  �'�6 ���

  X��L"�<�$!5�(   /�$�6 h  �k  �l          )���!5 	��� C���!� ?��c!� �x�x� 0�1
2 {D 

 X��L"�F(h)5 ��$�E� �c4#� ��� '#� �<�$!.  

 ���#� /�$*){c4> ( IM�":�� w	'!�x 6 h�D :  

  

   h · x = hx + ky + lz             )`,`n2( 

  

6      � )� � ?	�F�� /�$�< ��!� �D         ��8�R$�6 X���L"� )���� p�	��!� �

��>6L"$�� .    {M�"5 ���#� /.){!��4"� (       ��$�E�� IJ C�1�!� � ?��';"Q� /�$*

5 ��$�E�6 �Lr��5�<�$!:  

  

  cba
ba

c*
ac

b*
cb

a* V
VVV

     )`,`}2( 

  

 ]��V/2 L�H� {y�#* (X��L"� �'�6 ���[ Y�� {D :  
 

a × b = ab sin γn            )`,`�(  

  

o b e i k a n d l . c o m



����� :����� ��	
 ������ z��

]�� γ       6 C�M�"5 IJ �*6+� {Dn     �'�6 V�"� {D      �� )� l�� w	�:�a 

  6b   ]�~ .  /a  (b   6 n     ��#�% ��+� {D right-handed .    x�96 /�$* /2 {y�#*?�   ��� 

)`,`}2 (  /2a*    j�"Q5 l�� �*	�:� /�$�  bc    /�$* )R5�J £b*   6 c* �:� 	  l�� /�*

j�"Q�   I*�"Q5 ac   6 ab  �"� l�� � .  ��2        {D C�M�"5 /uJ -�#"1& =. �F�� � �>

  �� LR�k �4*Lc��    C�1�!� iHD �� ��!"�� ��       X��L"� �'�6 ���[ Y�� /�$* �#D (

C�M�"5 0';"< /6'J:  

  

V = abc(1- cos2α – cos2β – cos2γ + 2 cos α cos β cos γ )1/2    )`,`�2(      

  

   5 ��$�E� �*6� /.�<�$! �$%       C�1�!� �� �M��� e�m� )`,`}2(   ��$� (

/�$� ���8 (X��"5 X#�"�:  

  

           
sinsin

coscos cos
 cos *        )`,o�2( 

  

��J�4� C��!� 3� =. cos β* 6 cos γ*�M��� )mx"�   ��� {4�� e	��� �c<�J 

α ( β6  γ.  

  

)�,$�( 	�
� sin θ/λ��%�& '�    Calculation sin θ/λ for any lattice  

/.     ¤LJ �*6� S�Q�   /�$*J��c�?�         )���� S�Q�� e�R5 )��< l�� (�	��

	��� U��1 ��MF l�� K�9 �*6� 62 X��L� .�y�m� /�$� ()�5 {f�f 0��#� �:  
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 �����������  z�z

) `,o`2( 
           

cos2cos2              

cos2
sin4 222222

2

2

alhccklb

bhkaclbkah    

  

jL[2 C��$�E� iHD KQ��6  

  

)�,*�( +����� Determinants 

    �#*��"� C�1�� {D C	'� ��)  �*6�Q"� ��(       /��$� (X���L� )��� IJ 

    /�$�6 �8��m� S�4> � �J��c�        ��x�4#� )['�* ��'#� �'��� ��m�;E� ���<6  

5�JC�!JL � Lym  )��E� � j . �	'� /�$�  	'� 62    �	��      p� 	'�k �� 3JL� Y��#�

�'��6 �*�F �:�1 �, /�$* .	'¥ X"$�)R� Y�4�6 ��>�R� ���L� �� �:  

  

bcad
dc

ba
            )`,oo2(  

  

/�$� �R��R� ���L� �� �	'¥6:  

afhbdicegcdhbfgaei

ihg

fed

cba

      )`,o�2(  

  

            ���
 �� C	'¥ 	6'� � �	'¥ �� ��!"� �$% (���� ��mJ2  )1    ����L� ���

)�k . ���L� �� �	'�nR� HD �� �!* ():  

  

ijij

n

i

ji a∑ )1(            )`,oz2(  
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 ������ z��

]�� aij    	'!� �D ij   �� Δ   6 ijΔ {D      �� �>�$5 �	'� Δ     �m�� '4�J ith 

  	�:!�6jth .           l�� '�F �A l�� �*6�Q"� �F
'J h'¦ /2 3:��� �$%j     ��� ?&'J i 

  �J�F� ��> {c!�� .  /�$* HD Y�
      ��y�� ���LJ C	'x:�� ?'��� HD  .   Y���4� /.

         �4*L� �c<�J V�:� )G8k �� ���L� ����� �	'� �� U6�F   Hx)    ���9�*
 ��4*L�

   �#D �E1�#� �� ��<��1 (           SL�9 )��� H[2 § (�*6+� {f�f )$r =. �	'� e+"[&

	'�k�*Lc4� .  

  

)�,-�( �� ��.�/0Matrices 

    C���9�5 �� 	'!� C�8��m5 0';"Q�   � (8LF���"Q*L�   @�Q�� -�!E� �� .

.    {F��¨ �A l�� )Rg ��   L��#�g�   �m� ()f        (	���� U���1 ��MF l�� �
��J VF��

    ��4#� � ?�R� ��';"Q� /�$�6    �*
���� X��L"�� jLym� C�!JL5�J  . �8��m5 /.  {D 

             �'��� �4*L� �8��m:�� �v Y�� {c!*6 ��9�*
 C��!� 62 	'�2 �� {��c"Q� X��L�

?'F�M!� )��!"�� .  

            �8��m5 e'�> /2 {D �J��c� ?����� /�$� p� C���:!� j'�. /.)    ��� )�4>

L[© 39�� =. 39�� .( /2 �� ]�~  ��m� 3� �':�k HD �y*A�8��m5 {D :  

  

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

fe

dc

ba

 

� /�8�,�4# */�$:  

  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

fdb

eca
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 �����������  z�n

��f�:"� /�$� �!JL� �8��m� /2 ��5 �*6�Q� /�$� ���8 ( �,�4#�| Z��.  

Y"*              ��� L���#!J =6k �8��m5 �� �� � 	'�k SLGJ �8��m5 SL9 

  �8��m5 �� 	�:�    SLG� )��� �8�9.6 ��>�R�  .       �8��m�� � Lm�#!� HD /�$*

� ��';"Q5 ��� )R� 	�:!�6 �m� ��> l�� SLG��|�Q� :  

  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

fzeydxfwevdu

czbyaxcwbvau

zw

yv

xu

fed

cba
             )`,o�2(  

 

             VQ�> �D /�$* =6k �8��m5 � �':�k 	'� /2 �� K48 SLG� �LF. �$% 

��>�R� �  ��m� 	'� ./2 ��R� /2 � X�L� ��
 e�R5 )��< l��:  

  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

132213

71118

354

123

41

32
                )`,on2(  

 
 �8��m� 3� �8��m� SL9 )��� {c!*�,�4#� 	 �"#�?�:\��f�:"� �8��m� .  

  

)�,1�(�2�3#4� 5 ��.�/0��  Matrices in symmetry 

             ���:� /. (e�R5 )��< l�� )f�:"� C���:� )�Rg � ?'��� �8��m5 SL9 /�$*

 
�¥21 ?�cJ
 (x, y, z)=. ),
2

1
,

2

1
( zyx M"J�"� �$%)R� �:   
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 ������ z�}

⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

0
2

1
2

1

100

010
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S�<�� � )f�g C���:� )�R:"� ��!"� �� )$E� HD 0';"Q*6.  

               � )f�g C���:� 3� )��!"> /2 l�� �*
	�1 /�$> /2 /���k O!J � '��5 ��

 U�$!� +�� ?�G*2  . ���:!�� �$%) `,o}2 (2��        �8��m�:�� �v Y�� �y�J X"$� /2 i

)R�:  

    x' = Cx + d         )`,o�2(  

  

  ]��C {D    �8��m� 3×3   6 d   e�4"> V�"� {D  .      ���L8 �L�� )f�g ���:� /2 ��

                ���> K�G���J jL�� ��#�Q�� �!rk /�8 �*L!"��J (�
���� )� l�� �DªLF. Y"*

X��L"� .)R� X��L"� )��� �J�"� �$% § ��:  

) `,o�2(  )dih 2exp()Ch(         

)dih 2exp()Cxih π2exp()dCx(ih π2exp()h(

T

T

11
∑∑

F

ffF j

N

j
ij

N

j
i 

  

    I<�$!>& /�8 H$DF(h)   6 F(hTC)  �L� �>�$*  )f�:"��J /�c� .   �:M�":�1 /�$�

 �J �:M#�J 
�� qL8 «�#D /�$*6 �'�62πh·d.  

            � e�R5 3� L:"Q> �#>2 �� YM�� � )M<2 HD /.)`,o}2 (�J�Q� .   
�¥ /.21 

          ���L�� �L�+� � h'� p� ��� �� '�6 �DP212121 .    ��c��L5 C�<�$!>& lc!�

�c<�J �M�"#� p� )f�:"��J:  
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ChT          )`,��2(  

  

   /�8 H$DF(hkl)    =. )f�:"��J ?�c��L� /�$* )( klhF . M":�1 /.:    /�$� /2 'J& �

�1�!��J lc!� �:M#�J 
�� ���. «�#D /�$*6 �'�6:  

  

)(0
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)(2 khlkh ⎟
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⎛dh 2π         )`,�`2( 

 

  {c!*      C�1�!� ?�!� V�� HD 396)()( klhFhklF 6 )()()( khklhhkl .

        /2 �� VQ�> �D 
�c� /�$* H$Dh+k       �:�4J ¬+� �$� (��F6� /�$� π     /2 ��� h+k 

w	L8 /�$*.  

          ?���g �x�x� /�$� C�1�!� iHD /�8 (w�Q� �� �"E"� 3� � ..  �48 V>K 

         �8L� X�L� 	'!J �c��L� X��L"� )��� /�$� ��'#�8� fu"� ��     ���6��"� ��F
'J L

   w�< �� �"E� �c<�J .     � (e�R5 )��< l��P212121    �#*2
 '1 (    /2 )�!���J)(hklF 

6)( klhF       �$� (�{E� ��> ?�:\	 /�$� )(hklF 6)( klhF   �<*Lfu"   (��6��"� �F
'J 

 /�$�< ?�G*2 ��H�)(hklF 6)(hklF.  

  

)�,6�(�.�/0� 	789�  Matrix inversion  

 �8��m5 U�$!� /.A �D A-1/2 ����[ �, p� :  

  

    AA-1 = A-1A = I         )`,�o2(  
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����� :��	
� �	� ��	���� z��

  ]��I    �8��m� �D   �'*�¥) � 
�c1kLQ�\     	'!� l�� w�"� �1    w2 � 
���26 

L[© /�$�.(  

 � /.    SLGJ �H�#5 C���:!�  �8��mA         SLG���J �H�#� �� /�$� /2 �$%  �

 �8��m5 U�$!�A-1 . ���LJ �!JL� �8��m52���� /�8 ( � S�4>& H,�/�$:   

  

��       Aن��             
det(A)

1
 A 1-

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

dc

ba

ac

bd
         )`,��2( 

 

 ]��det(A) �8��m5 �	'¥ {D A.  

J i�L�. Y"* �R��R� ���L� �8��m� S�4> /.�c<�:  
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  ]��cij       �� �M��� )mx"5 �	'� {D A    �m� ����J ith   	�:!�6 j  SLG�6 

 �c<�J(-1)i+j.�#*'� /�$* /® :  

  

 T1- C
det(A)

1
A            )`,�z2( 

  

   iHD /.            '� =. ��8�� �� /�$� �M#$� (�8��m� ���
 wk ):!�  �< �����

���    �f�f �� l��2 X�L��  .   C�8��m5 /.k    �MQ$� Y"* /2 �$% ��   )G�82 )$EJ  

0';"<�J   �4*L�    H�   ?�4J�< L�� �:� (¯6�F ..        /2 °���[ )$E�J '4"!5 �� V>
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����� :�	� ��	������	
�  z`�

         �#�+"� ��c[ C&	�!� �� �:�>2 )� ?�*
6L9 /�$* �8��m5 S�4> .��] .  /�$* V>

        �m� XQA /2 �� C&	�!� )A /2 -L<k ��   Y"* /2 {y�#* S�4>& /�8 (�J��4� �8�

              ��*
��!5 C�8LA& L*'4"� e�R5 )��< l�� (���[ ��mJ ?�J��c� /�$* V>2 �� VJ�Q�

C&	�!5 �c<�J �	'� CL"�
����.   

  

)�,�:�(;�/#4�  Convolution  

    ��"�& /.      ��:�!� )� ���� � Lf�� ���:� �D .  ]��.    ��1 ��MF 'F�* & V> U

    (0�� '�
 62            '�L� Y"* /2 )�1 �� '�L� p� �	�v l�� Lf�*  �< HD /�8 .  l���

     /�f'x"5 �y* e�R5 )��<          Y"* H$D (�$5 �� YM��. )m� p� �
�r� 3��L� C�mJ

  ��y�)?���1 (  V!:Q> wH� C�m�.  ���� /.      ��"�& l:Q* H, {9�*L�  ..  LM�* V>

    C��9�*
 � ?�G*2���8LF���"Q*L$             Y��2 l��� ��#m�* U��#� �� �R� /2 Y�
 

/��8LF���"Q*L�  �� �R$� �8L!� /6'J��8LF���"Q*L$�.  

       �
��J ��6 �D  ��"�& l�� KQJk e�R5 /..       w2 3� ��$�r �c4>  ��"� /. 

          �{E� ��� «L"* (�'��6 X��L� �'�6 ���[ )R� (q��� l�� �{r  ��y� /6'J . ��

���>    c4>  ��"� /�8 ��>�f �{      * X��L� �'�6 ���[ 3� ��$�r       �'��6 p���[ {�c!

   �� l�� �'�6 (X��L�1   ��$�r �c4> )� 3 .       l�� V��6 �$% H, )��$� X��L"� /.

         )$� �*
���� ��$�E� 3� �'�6 X��L� �'�6 ���[  ��"� V>2.      /��$* /2 HD 6'�* 

��#R"<�J w
6L9 �� '�4!�� wLD�v 0��"�  ��"�� L*
�8 C&�� 3�.  

� �*L�> e�4   9�*L� �  ��"�& C��"        I"��	 SL9 )��� L*
�8 e�� lc!*

  *
�8 C&��  ��"��JL  �:, ����  ."    /2 �� H$Dc(x)  (f(x)   6 g(x)    L*
�8 C&�� {D 

 ��C(S) (F(S) 6 G(S)��"� l�� )R� ?��9�*
 �M#� ��!"� �$% �*L�#� /�8 (:  
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����� :��	
� �	� ��	���� z``

)()()()()()(       ��ن  �� SGSFSCxgxfxc      )`,��2   (  

  

]��   ��"�& )��� {D.  

      -�!E� 	��� B��¨ ��6 =. HD 	�4*       SL9 )��� V>2 l�� �
����� @�Q� 

         �'��6 X��L� �'�6 ���[ �� �"E5 @�Q� -�!E�6� 5 ��$�E�<�$!   � 'D�E5 (

 B��:#�  

  

<=��>  = 
 ��%�&

�?=��>  
 

 <��� ���@

�����  

↨F.T.  ↨F.T.  ↨F.T.  
)`,�n2(  

 A�BC4� ���� DE�F

G�
4�  
= 

 ��%�&

�H�%B� 
× 

 I#C� DE�F

 <��� ���J

�����  

  

                ��� ?&'�J �'�6 X��L� �'�6 ���[ 3� )��!"> /2 �#� �:Q� �1�!� iHD /.

m� p� �*�� I*������$� �
���� 3#.  
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A short crystallographic dictionary 

  

  ����	 
 ��   ��� ���	 �� ��   �� ��������������  ����� !��"��      �#�� $�%�� &��' (

 �)*+ ,&�� .    &�%-� �+ ���� /�0 123         �4*	 �� 56� ��37�8 ���	 �� ���9:� ;� <  

     =��> $�" ?�*%�� @�A6BC-� ;� DE .          F# GH�6' �� /*�I &8 �+ ;� �*J &���

   K&L� ��'�' < ?�7�C+ .    MNO�� PQ*�� @�A6BC-� R-� <       ,7�#��+ ��#�' &#8 

S�T� @UT&Q�.  

  

������ Absorption 

              VW��#�� �X& ,7�+ �+ Y�� ZUT 3X�-� &*� ?�*���� ?�[:� 7��-� =�\ ]�^

 $O+ ?�*���� ?�[:� ,&[ _6�`It = I0 exp(-μt) a�9 tb-� ,7�-� /c GJ d%*,X μ  �#J 

  GBe� f�C�+
� $+��+.    ?Q�8 &Q��' μ    ,7�Q6� K3d�� ������� 56�      ?#��+ Z�#gX 

 ����� !��"�� .    7�7�' ?+�� ?%Cμ   ��-� Z�B�� =+ G    K3d#�� 7&#���X . �E    Z�#hE 

       K3�6i�� ������� &�&j kl��*� Gm)*+ nBT _�o� f�C�+
� .     ����p �dJ ���� &8 <

@
�9.  
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���������� ����	 ���

������ �	�
 Absorption edge   

             !�	 �+ ,3d� GBe� f�C�+
� $+��+ ?Q�8 < q��%+ rs' GJ f�C�+� ?��9

 ?��&� �+ Z�B�  ?��-�  .          f�C#�+
� ���� ?��t� �+ $��B�� G��-� Z�B�� �	�� 56�

��o%N*+ .    �' VG��-� Z�B�� rCH' &*��7     uv wQ��� V����� !��"�� ?8�g 7 d�� ,3�  DE ,3

56�� �X����E ?8�g S���+ .x�f�C�+
� < ?y��%+ ,7��z < F�%	 �dJ �)4.  

  

����� ����� Anisotropy 

 f��e� ���i�+      {�|
� =+ Gl����� ��+�3� rs' �J  .    ?9�zE @���+�3� _C' �d�J

    @�z���J
� rs' ?�X�'X��	�   {�|
� =+ ?�3d�� ?�3��t� .  Z�O+}   �6i� f�C�+� �J �T  
 ,3

?�X��.  

  

��� �� ���� Anomalous scattering 

            ?�[:� ���' V�X����~ M	��� 77�' �+ ��i��8 ����� !��"�� 77�' ���� �+&*�

    # ?��"+ ?�*����π/2            @�#	X����E �#+ ?��"+ ?�*�> ?�[� =+ 3�B�� �3�T @�	��7�3 

     ,3�6i�� < S�T� @�30X @�3d�� �%	 < S�T� .�&��dJ   �#�� �+&#*�   Z�#B�� �

G��-�    DE ���8  ������ �	�
 ,3d6�  .       rs' ��� a�� $T�&��� @�run' ���'  $�"#

           $#O+ ?8U� ?Bi'�+ ������� $+��+ 1�8 ���i' X� G6��%'|F(h)|   X |F(-h)|    ��	�#8 K�

����	 .           3�g &�&A�� F+�&N�>� ��I a�� V3�B�� 56� ��&Q��+ ���� run��� 1m9 �E .

 F+�&N�>� �� �:�     < �����[ �O  ����������������     �6B-� $��"��� &�&A�� �J ?�l��Q����

��r� �K��.  
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���� ����� Bragg's law 

  GB��              ��#�' �� ,7�#� ?#+�t ��I �)�j ��� ?�>&*�� WX�4�� ��� ��	�8

+7���, .  Mi���$�"   183 )�,�(          ?��i#[ @�����+ �+ ,7�� ?�[� ZX:� $C%�� < 

   G��X V?�3�6   ��* $T�&' 56� $C�         � X� w�A� 7&� ���� �� 3��-� ��%� &
 V $+�

?���+ Z��g� �+ . ?"8�*+ K7�' � �+?�X�z��� ��	�8 DE ?�>&*J :  
2d sin θ = nλ 

   W��' a�9θ      V��� ?�X�z ��� 56� λ �J         X V���#�� !��"6� G��-� Z�B�� d 

  $C%�� ?���+ GJ .   ?�Q�6� ��In    6� ��Ql�7 dT�' ��       �#>�*+ _�*C� ,&9��� ��� 5

-U+�� @)?�7�($+�� 7��t�  �+ ���"+ n.   

  

�!	��� �!"�# Bravais lattice 

      ?��i[ 56� ,3��+ ������� ,&9X ?�6T ���' 2���      ?#Q4�*+ 7�#�:� ?�uUu ?�

��GB�  $+���� �������  .    ?BH	 �dJ GB��       k�*� V����' ,&9X ?�6T $�� ,&9�X ?��i[

   X� ?�6T 5Q�� �+?�� .          kl��*�� $�OQ��X @���A6� ��i��2 �>�*-� �+ ���� F	v� �dJ 123

�  �  ����     ,3�6i�� $u�^ ������� ,&9X ?�6T $u�^.        ;#� < K3X�o�� �+ �dJ $�� 

                 �#���' ,&#9X �#�UT k�*�� V?�6T $�� ?��i[ ?BH	 �+ �O�� F� ���� �� ���9:�

  ,���p)    1��� ,���p X� F���� ,���p .( J ���� @Uu�^ ��* 14    ����' ,&9X ?�6T 

)����� @���i[ ( $� < ?%6�N-� ���Q��� @
�Q�9� �+ n"*' ����$�%� &�'�.  

  

�$�%�(� &�')(� Crystal system 

            �����# @���i[ �+ ?%6�N-� =i��� @Uu�Q�6� ?6�H+ ?Q4	� ?�i> ��*J ����

?��X� . $�H' ,&9�X $�7��89X ?�6T $+��� 56� ?%6�� ������� ,&:  
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���������� ����	 ���

   $�-� GuUutriclinic       &��' 
7��8   

   $�-� K7�9�monoclinic      α = γ = 90o  

   !U�:� &+���+orthorhombic    α =β = γ = 90o 

  G��3 tetragonal        a = b, α = β = γ = 90o 

���+) 14�*+ G>�&> 3�[�+( rhombohedral a = b = c, α = β = γ 
  

 G>�&>hexagonal       a = b, α = β = 90o, γ = 120o  

���+ cubic         a = b =c, α = β = γ= 90o  

              ��#4*�� �� �i� PH� ?�3�6 ?Q4	� �> ��*J �n ���&� W�> 7���:� ;�

���p G>�&> ?��i[ 56� $OI �� ��Ql�7 ��I ���-�.  

  

*��+� ,)�(./(.�!
  Diffraction indices  

    ,7�� ?+�9 $�)����	� (<       #uUO W��x� 7��:� GuUu 7��9 �0�� ?   ��#83� 

?A�A�   h, k, l  ?#+�t� {dJ �&j F�� Kd�� {�|
� _C'X 7��t� @

7 GJ ��� 

?���*-� . < ����	� $�� =��-� Fm�+ ���� V�d�J���"+1� �!"��(� �J ha* + kb* 

+ lc*. ��� ?�3�6i�� @�����-� 56� ���7�Q� Fm�-� �dJ ���� ���'X 7��t� 56� ��O�� ��

@�����-� M $C%�� ?���- ����-� GJ F�Q�8.  

  

2.�!
 3� Diffraction ripple  

^�� �+     ?�	X����E ?��O�   P�j   ?�30 ?Q8)   ?6�Hu ,30 ?��T ?%C (  $�6A��� �i�

?B��N6� 7X& �. 
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���������� ����	 ���

.�!4� 56�2 Diffraction symmetry 

t� �0�� $u�^ �J 7��t� $u�^ ������+ ����X 7���78 9��:�.  

  

5�;)� ��$�	 ��< Discrete Fourier transform 
          ?6C%*+ ?��7 56� d%*+ ��3�� Z�j �J $C%*+ ��3�� Z�j �E .    �#J �dJ ����

      @���t� d�%*�� GQ83 ¡�>�9 ��&N�>� ��Ql�7 Z�t� .     ����� !��"�� 7��9 �0�� �E

   F���iB $C%*+ �J ,3�6i� . ��O��� �E ?�	X����~� ?        ��#Ql�7 ���' V?6C%*+ ?��7 ��� 123 V

�UC%*+ F6�� �p V¢�H	 �+ _� 56� ?6Op.  

  

=>�?������ ) �7@�� 5>����( Enantiomorph 
 i���' �E�� �3�6 £�     $�:� ZUT ��>���+ ) $�:� ?BH	 (  K�ρ(x)   wiC' ρ(-x)  k�*�

���Q�+ K�C  .       ' ��� V������� $+��� 1�8 �dJ rs� 
    ?B>�� ?Bi'�+ 3��g:� ���

(h)   wiC�� - (h) .  -�X �K��� �E���Q�   �	��� F� K�Ci�� � Bi'�+ M   ?�6Q� $u�^ $O+  

1 X� m.  

  

.�AB Extinction 
              ��#�' �#�� VK�	�u 7�¤EX �X� 7�¤v ����� V7�¤~� �+ M��	 ���^ ��I

   �+ ���	 M�%6�� �Q¥���} . + ���   ���6Q� �Q)*� ��^ �� $)��� � .   �#���� $#� GB�' 


��C��9 �� � �+ V�+ ���� �+ Z�9 �%�' 
 X� =*H+ _�X!  

C7/ .�AB Primary extinction 
             �#+ ?#	��+ @�3�6i�� 14�+ 3�i��� ��I V?�3�6i�� ?��i"�� < ��BT:� �i�

        8&�� @�3�6i�� {dJ ���' ?+�' ?H�87 @�3�6i� Gl��%��� ����'    ?%6�� @�J�|� 56� ?H�

        �U�68 ?%6�� ���Xz &*� 7��9 �&j W�> �d�X �U�68 . �d� wQ��    ,7� � ?�*���� ?�[§� 

o b e i k a n d l . c o m



����� :��	 
���������� ����	 ��¨

       ?�	�u ,�+ ,7�� ���� �X& ,3�6i�� ���' �� .        ��#�� ?��i"#6� KX���� 3�"�	
� �� ��

     ?���Q�9� �v� V?��s6� ��rs�        �� $i8 �J7��9 7��+ ?�*���� ?�[:� �����'   &����� ,3�6i�� �

 ri� $�" .  �E��?��4* ?���t�  kinematic  t ?B��i��      ��#�' ��� ?�*���� ?�[:� 7��

              ?#���� ?>�H-� @�&"�� ���'X ?HiB+ ���' 
 � �+ ��� $�" ?+&N��+  $�"#

       DE ?i�	 ?�8��-� �)�Q�8 �� 1N�|F|2 .        ?i#>�*�+ ?>�H-� ,&"�� ���' ?g�%+ ?��9 <

  � ¡�8� $�"   DE ��rO|F| .   ?��4*�� ���')?���+�*�&�� (       < � �#+ ����� !��"�� 7��t

 ?��9E&9 &�� DE ,&H�+ ���' ��� V�&N��' �� D.  

 .�AB6���� Secondary  extinction 
 ,3�6 < @�0            ZUT �J3��+ 56� ?8�g ����� !��"�� ?+�9 &H%' V?��8 ,7�9E 

  ?�[:� �i� ,3�6i��  � � ?%�O���  �)*+ ,7 .����   run��� �J    f�C�+
� < ?A��X ,7��z  

      ,7� � ?+�t� ,&[ =+ �>�*�� 3�&H© ,3�6i6� .         5#6� ª#�:� {run#' ��#�� �d�J

?��H�� @�>���	
�.  

  

D��� ��$�	 ��< Fast Fourier transform 
'  W����4	) ?�+z3��T(         ri���� $�6A� $C%*+ ��3�� Z�j d%*� Kd�� ¡�>�9 

������    V$+��� DE GX   ¡��t� ,��%� ,7��z �����  V   ��3�� Z�A���  =���(FFT) . ��*J

 z�«~ ,&� ��g ��� V$�6A���� =+ �>�*�+ �+z ¡��9 ?H��g $� �� k�*N log (N) 

  a�9N   Z�A��� Z�g �J  .   $+���� $�6j K� �X&V     #+ ��i>�*�+ �+��� ���� = N2 . ZX�

 ¡��9 ��4	FFT  ?�+z3��T ��� ��%"��+� $i8 �+� �XGauss.   

  

��$�	 ��< Fourier transform 

  < �	�E7��	 .�!
 Fraunhofer          7�#�t� �0�#� M# ?������� ?8U��� ���' V

    ��3�� Z�A�� Fm�*� Kd�� W&��X .  E ¡��2 <¤�7      ����� !��"�� 7��9 �0�� ���� V

o b e i k a n d l . c o m



����� :��	 
���������� ����	 ��¬

      ,3�6i�� < ?��O��� =�z��� ��3�� Z�j �J .  ����~� ?��O��� ���'     ��3�#� Z�j GJ ?�	X

7��t� �0�Q*� ����-�.   

  

���F> ,�!6��
B Fractional coordinates 

 Fm�-� ����' ,&9X ?�6T $T�7 ?BH	 =��+ GB��x = ax + by + cz a�9 a, 

b, c X ?��i"6� ?���H�	� @�)m�+ GJ x Vy Vz GJ E   �d#�J 5Q�#' V?���� @��u�&9

�� �i� S&-� < =H' �� ��I ��Ql�7 �0-1.  

  

�	�E7��	 .�!
 Fraunhofer diffraction 

     �J ���)�X��� 7��9 �E�0 �� �d ���' K     ?6C%*+ 7��t� �'3 $� F��  .  �&#�

 ,7�� �dJ       ,7�9~� W&J �+ ?�l�� 
 ?���+ 56�  .      ���' V����� !��"�� 7��9 Z�9 <

      3�T @����-� $� &*� ?��C%+ 7��t� �'3    ?��i[ @�run' �i� ,3�6i�� � .  ��#��

 Z�O+ �d�J ����� !��"�� 7��9 �0������X��� 7��t.  

  

����	 ����� Friedel's law 

   ¡��2 <  ��� �� ����        ,3�6i�� Z�9 ?i'�+ 7��t� �0�� < @�&"�� ���' V. 

 M ?8U��� ?��TF(h) X F(-h) a�� �� |F(h)| = |F(-h)| X (h) = - (-h) .�  �d#J ���

        M#>���	
� 56� �6B�X Z&��� ��	�8 �JF(h)   X F(-h)      Z&#��� G#>���© X�  �Xz 

Z&���.                ?#6u�Q�+ 
 ,3�#6 < K�> r2 ��"' �&� �+&*� Z&��� ��	�8 ��� 1��

�����+.  

o b e i k a n d l . c o m
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�78 9��G Laue group 
      ̂  GJ ,3�6 < KX
 ,�+z ���'�  ?�BH*�� ,�+��� $u  ?���*-� @�&"6�  .  �i�#

 �	 ��������V    $u�^ ���� �  @�&"�  ������+ $u�Q�+ ,7�� .  �E �78 9��G    ,�+z GJ �d� 

     $u�^ ���© ,3�6i6� ?�BH	�       �U�� 7���+ $u�^ ��*J ��� ¯ �0E W�o .  ��*J11   ,�#+z 

 $�H' KX
11������+ ?6u�Q�+ ?������������� ?�BH	 ,�+z .  

  

:��$�( 5��+� Lorentz factor 
   !��"�� ,&[ ���' �+&*�          ?#�*+��� ,��%�� �v� V?��A�+ ,3�6 �+ ?>�H+ ����� 

���           3�i��
� < dT�� �� &
 ,7�9~� =��+ < ,3�6i�� �)�� 5Hi'  .    ?B#>�� �dJ $Q��

��	3�� $+�� .��� ?�X�zX 7��t� ?>&*J 56� &Q��� F	E.  

  

 H!I��Lp Lp correction 
  �E :��$�( 5��J  K�LM��8� 5��J7    � $T�7 ,7�� �&A��    ���� Kd�� &9�X $+�

��run��� ��d� ?>�H-� @�&"�� w�AC�� ��+&N��+ .56� �6B� w�AC' �dJ Lp.  

  

 56�2N��M� Metric symmetry  
      $u�Q��� ?��i"�� $u�^ 56� �6B�1�N��M .    ���� &8 F	E�   �+ ª��0   f�#e� �

            ��#�+ ?�7�C#-� ���' ������� ,&9X ?�6T W��9 �� �� ?�2��%�� ,�+���   �� X� ?�X

 �&� &8 ���X������ ���' 90
o X� 120

o.  

  

,*��+�) �(./ 7/ ,�:!���(� !O%� Miller indices 
 ?%*C+ V@U+��+ �Uu �+ ?+�9h, k, l . < �&N��'@�3�6i�� 16� ?���>U��� 

,3�6 F�X� {�|� _��� .E�� 7��t� @U+��+ =+ ��B�' n =1��� ?�7��+ <  . �QB�

Z�Q��>
� M WU�T
� =l�[ M*u
�.  

o b e i k a n d l . c o m
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�!LM)(� 9��:(� Point group 

              _C#' �#�� $u�Q��� ���*� �+ ���'�0 ?Qm�*+ ?6+�� ?+�9 GJ ?�BH*�� ,�+���

  ?BH	 Z�9 $u�Q��� .     < ?*�Q-� ���*��� ���'$u�^ K3�6     ��3X&�� 3X�� GJ 1  V2  V3 V

4  V6  ¡UH	
� 3X��X  1  V2  V3  V4   X 6 .  ���'2 �J       �#���X KX}�#+ S���+ 

    F	� 56� �i��2m .        < &A�' �� {dJ $u�Q��� ���*�� ��I32       ?#�B�+ V?#%6�� ?H��g 32 

 ?�BH	 ,�+zK3�6.  

  

K�LM��� 5��J Polarization factor 

 ?B>�� ?|�*�� ?�*���� ?�[:� �E��F��P ���� Thomson scattering  ="#' 

)ai*' ( f��e� ���i�+     ?iBH��+ ��o�� ���'X �X����~� �+ .     �dJ �� k�*�   ��  ?�#[:�

        �¥&[ 56� ��o�� �dJ �u��X ?iBH��+ ����> ,7� � ?�*���� . $+�� &Q���   ¡�BH�#>
� 

  ��� ?�X�z 56�              ?B#>�� ?#|�	 ���' ��� �� �Q�� V?�*���� ?�[:� 3&C+ 56� ��o��X 

?�i	�?+���  !��[ X� °X�'X��*> X�ZUT @�+ &8   ?�	�6�� &9�+monochromator.  

  

 �!"�#��"+� �Reciprocal lattice  

             7��:� ?�uUu ?��i[ 56� &��' ?6C%*+ ?��7 �J ����� !��"�� 7��9 �0�� �E

 � V?Q4�*+ ?>���-� ?��i"� .   -� ?��i"�� 3�i��� ��I>���   56� ?���   Z�j   ��3��6� ?��i"

?�3�6i�� .-� ?��i"�� Fm�+ ����>��� ?ha* + kb* + lc*     @�����#-� 5#6� K7�Q�

  ���	� ��u&� ?�3�6i��  �hkl     ���' ?Q�8 F�X >���+     @�����-� M $C%�� ?���+ DE ? . �E

  -� ?��i"�� @���+�3�>���?          ±�#� ��&N�>� ?�3�6i�� ?��i"6� /6' �+ �²��9 ��I 

 �A6+ < ,�B�+�.  

  

o b e i k a n d l . c o m
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�Q))�$ R�"+�� Renninger reflection 

         M�+�9 k�*�� {�|� < ���' ,3�6i�� �� ��       ,7�� ?+�9 $� �v� �O�� X� M�*+���+

       ?��X� ?+�A� $Q�' G�� w�AC�� {�|
� < ���'    ,&�&� ,7�� ?+�9 k�*��  . $�i> 56� 

       @�>���	� k�*' ,3�6i�� �� �� VZ�O-�hkl   X h'k'l'         ��o#�� GB�' &8 ��v� V�8��� �%	 < 

>���	���     ����	� �J ����J�³ h-h'  Vk-k'  �l-l'       Gm)*+ ¡��2 �J ��0 �� �� ´9 .  ��#��

  ��*JZ7�i'             DE K7�� �� ��I Kd�� ,3�6i�� $T�& ?%6�N-� ��t� M ?8�B6� G��+�*�7 

�87 r2 ���8 ?A�AC�� ,&"6� 1��� �*� �)*+ &9�X K:&run��� �dJ �X&9 .  

  

5!%I�(� Resolution  

                ?#��O� ?#B��T < ,3X�#m�+ @�c M ��� �� 56� ,3&H6� ���8 �J $�6A���

?�	X����E .    F%���' ��I V��%'
�          < ,�#B�-� µ7:� S���#Q6� $C%�� ?���+ F	� 56�

���� �����9 @�	�� �+ ?��T ?+�t ��> !��[ 7��.  

  

 ����(� 5��JScattering factor 

     K3d�� ��"��� $+�� GB��?�Q�         ,7�#%*+ ,30 ?B#>�� ?��"-� ����� !��"�� 

  ��� ?�X��� ?��&� .  F	� 56� W���   < $�[ $+��   ����+� Z�¶  .   F	� 56� 1�H� F	E  ��<

��$�	    ?��O��� =�z���       � Z�Ct� 1�� �J3X& ��� V,3d� ?�	X����~�    @���#9 �+ �)�6

?�Q� ?���	���+.  

  

�!���	 9��G Space group 

     �+ _6'�-� $��"��� �E �!LM� 9��G ?�3�6    56� ,3��+  �!	��� �!"�#   ,�+z �J 

?�2���.          ���'�0 ?Qm�*+ ���' ����� ?��i[X ?�BH	 ,�+z �+ @�7�j� ;�  .  1�QC' 1��

o b e i k a n d l . c o m
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  ?�BH*�� ,�+��� $u�^     E ?���~� Z�H�	� @�	��+ $Q"��       �#� 
X @�UH	�X @�	�3X7 D

    ?BH	 &*� =g�H�' �� ,3X�o�� .        ,3�#6i�� �+ K30 ������ $u�Q��� ?�2��� ,�+z _C' .

 �J ?�2��%�� ,�+��� �+ ��Q-� 7&���230.  

  

 =!>��(� 5��JStructure factor 

           7�#�t� �0�� < ?�*���� ?�[:� ,&[ 56� �u�' ,&�&� $+��� &��' .  �h&#9�

  � 56� &Q���      ������� $+�� F�6� �6B�X PH� K3�6i�� ������ .     �+���# �UOp ���� F	E

F(h)   a�9 h    Fm�+ GJ   �!"�#��"+��        !��"#�� 7�#�9 �0�� _��� �&N���X V

����� .               ��#Hig ,7�#%*+ ����' ,&9X ?�6T �+ @���� � 7X&9 < F*� ª�� �� ��I

 ?�7��Q6�)�,� (ZX:� $C%�� <.  

  

 K�!�NQS)� Systematic absence 

              $u�^ @�run' �i� 7��t� �0�� �+ ?il�2 ���' &8 ����	� �+ ?*��+ @�y� �E

 ������ 	�
� .      @���2 ��� 56� {dJ W��'�m)*+       ,�#+��� $u�^ &�&A�� ?c�9 ���'X ?

?�2��%�� .       ���p ������� ,&9X ?�6T ���' ´+ �&j ��E,      $#u�Q��� ���*�� ���� X� 

 ?���H�	� @�	��+ .  � �dJ wQ��   $T�&' �X&     ?�*��#�� ?�[§� ��&J   ?#H��B #�m)*+ ?

�  &��n�6  �n =!>�� 5���J       �%� ��7�H+ �� ���� �� &
 ?*��+  .      ,&#9X ?#�6T =#+

    -� @���s�� �&j V,���p ����'�m)*     ?��i"#�� ���� =�\ < ? -� #>���? .  G#B�'

    @���2 �
�	� @�����+�m)*+      � ?��i"�� �+ �%C�� ?Hig < ?->���   S���- ?�z��+ ?

�
�	
� .     @���2 ���� 3�� GB���m)*+     -� ?��i"�� _� Z�g 56� ?>���  ?����-� ?

3X�AQ6� ?�z��+.  

o b e i k a n d l . c o m
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��$��4� �>�4� Thermal motion 

             d#T� 1�#� �+&#*� ?�	X����~� ?��O�6� G�3�T 3�"�	�� @�3d�� z���J� �)4�

   ?�6��� ,3�6i�� ��� �)B>��+ .�  rs ?����� �dJ         Kd#�� ,30 $� �+ ����� !��"�� ��"' 

 ¡�o F��d� ��I����(� 5��J  ·X�#'X��� ,3��9 $+�� K3d�� exp(-B sin2 θ/λ2) .

 ��+�3�i�� ����B P>��© ��Bi'�+   ?#�3d�� ?9�z~� =�+U  ?#8U��� B = 8 π2 U  F#�X 

  @�&9XÅ2 .      ·X�'X��	� �0�� �&N��' �� =l�"�� �+ ���� �z���JU�@ ���    �#6B�' 

    + �
& ?9�zE @���+�3� �>�   ��&N�>� U   F%�X < ,7�%*-�  .    56� @�z���J
� run' �E

         ,ri� ��� ���Xz &*� F'&[ Z��` �� �J 7��t� �0�� .      d#%*' �+&*� run��� �dJ Z��Nx�

?o%N*+ ,3��9 ?�37 &*� 7��t� ?�|.  

  

 ����P ��F��Thomson scattering 

  �¸� X� ?���	���-�            ?B#>�� ?��"#+ @�#	X����~� ��#�' �)�B#>�� ��� ?�

CA� ¹ &8 @�	X����~��)?B>�� Y�m* ���+�g  J.J. Thomson V 1#ºu �+  �#�c 

 ?H��B��Fc�VZX:� $C%�� < 5B�+ �O�� _�X .  

  

��F(7 T�$ Wilson plot   

 1>3∑
22

/||ln( fF&� sin2 θ/λ2 -� ?Q�H�� &�&A�� �&N��� Kd��  $+��� ?B>��

,3��t� ?�37 .���H' �6B+ ���H+ 56� ,7���-� @�	��i�� =���X.  

o b e i k a n d l . c o m
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Answers to exercises 

  

����� ��	��  

)�,�(  ��         ��	
� � 	��� ����
� ���
�� ����� ����    ������ ����� ���� ��

    ���!�"!� �#$ ��%)& ( ��'*+ �-.� .      0�1���2� 3 &��� ����� 415)6 ( 7*��8�

 9:��5 ;8�)<(.  

��     =� �	":1 >?@-"A BCD E�"F  7C:A��G	� H  IJKL     M5 N$�JO2�G 

 !� �P"QCRN�	KS .  415        0�1���2� 9� NK��" N:-KL >�-�� 3 &���)6 .(  4J15

9T� H= 3 ����� &���.  

U�       � ;-� V@D BCD E�"F >�D�'W       �J*�X ;JY 4CSZ"! �9:A���@:[ 

 \;-� N��@G ]�
� 3 ��G��!� ^�	� ��! N���D >�-�� 3)�.(  

��  _��� ����         ]�
� 3 ��G��!� `�D ���� ��%� )� (     3 ��G��J!� �:aJb�

 0�1���2�)6.(  

��      � NC��c ��G	���@:[ NCAC� BCD E�"F ND�'W    7C:AJ��G	� HJ=  .

            ��J�: ��C� 7*��8 9� NK��" N:-KQG >�-�� 3 ��-*�X ����)V(   ��":J�� �

)J[(��8� � ;8� 9:��5 7*)<.(  

d� >?@-"A BCD E�"F N�	KD  ���!�"!��)& (@:� ��� �-.:�.  

o b e i k a n d l . c o m
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��� �
�
�� ��d

e�      _@S ��D ��	 415    ���:���C� 7*��8�)V (     @J:� ��� \V�D ����

f��gh� iCj 9�
.  

k� 15 ���@:[ 4	        ��@� \;lg N:-KL iCm E�!�� NQCn� 7*��8 ^-o ��G . ����

   ��A�%� �[ 9�$h� ���
��   EV�S!� (n-hexane)) �(     IKL ;Y ���� E�!�� �

98�p.  

)�,�() � (           \@:q V�:R >�1�:G 7KS"! ��@� \;lg ���j �� 9'"r� � \��C-!� s�[  BCD 

        N'*+ N�"t NG�-1� �@.u 9." >�QCn� 7D�G� V�:R v�:Q .  w�@x"J��G

            	J$ �AF f�� �y+� �� \�L 	��� �@. �NR�A zb�� V�:R v�:Q{ 

|�Z�!�.  

)& (      7'"�j >���CG BCD E�"} @L N�:S!� s�[    IS� >���CG w�~1 M5  .  9J[

      9� ��% �D�V 9:!V @��� 9�oj �CD ��C-!�>�       ? ��J-!�Y >�-�	
� iCj 9� �

        M5 	~�j i1� 9'"r� �� N-S� ���j       �� ��AJ� 6�J�< �J ���~b ��  

IS� w�~1 � N-*�b >���CGw��V�.!� @���C� 9� �[��-"D� M5 N��R 3 .  

)6 (   ��[ �5   9�oG |	"Q G `�D        �	lJg� >���CG � ^'� ���j \��C-!� ��

     �:�	j @�@a"! ��@�� Nm@D ���G �P"�	"! .  ��m5   ��[ >�-8   BJCD ���	��.j

   >�QCn� 7D�G� V�:R v�:Q      ^�G BCD 	~�!�G �� �5>���c    zb�� >�1�:G � 

NR�A.  

)V (      �[��� 0�c BCD 7D�G	!� >���CG @[�oj �@�D C @:R�!�      �Jq�j ? ��#$ 

 � ]��!��KQ"A
 .    ��[ 9Sqj ��#$ i!X �Y�  @[�oj �@�D      s��� E� 0�c BCD 

	�� .       ^G	
� 4��!� �#$ N!�n� s�[ 3   9� �  \��CG     ��� BCD ��@�S" ����c 

:R�!�@.  
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)J[ (        \��C-C! ���� �� |	"Q� E	.-!� ��CA!� ��[   �0�JD 7*�Aq:A$ ��o"1� 

  >����S1� 7KSj f��� G� �A >�D�Aj NS��� . � >�1�:G�    ��J�j @L V�:n

N��V� \V�� .v�:Q BCD >�1�:-!� ^'� �� 9�$h� �NR�A zb�� V�:R .  

)� (       7l-��� \@:R� �A:! ��� �O��!� � \��C-!� s�[  iJ:CD     �J�  NJ�:S!�

\��CG BCD 0�.aC!9�$� .  

  


����� ��	��  

)U,�(  )� (CHBrClF: C1 �� � )98�� 	.�D E� BCD ^Qj �� @G? >���!� 9�(.  

)&( Cs : HOCl   ��m� �� �R? E� 4! ���� �� @G? >��X �+�G ]E�� 

98�� ��"A!  

)6 ( D2h : C2H4  ��mmm.  

)V (C2h(2/m) : Z-1,2-difluoroethane.  

)J[ (E-1,2- difluoroethane  :  C2v  ��mm2.  

)�( 1R,2S-ClFHC-CHFCl  :)1(Ci  �N�	"Cs(m) �NQG�K C1 (1)�'P�:G .  

)< (1R,2R-ClFHC-CHFCl : Ci (2) |	"Q �G�Kj E� 3.  

)| (tetrachlorospirane : D2 (222)IKL ?� `�;� .  

)U,�(���� >���C-!� 3 98�'"!� 	g��D ���j :  

) �( 98�'"!� 	g��D @��� ?. 

) & (   &+Q1� ��	)1(D @�\��C-!� ��	 @��j ? �	g��D �	�� 98�� . 

) 6(  Naq.!� �D ��:Q$� NCQ�!� 7*��8 ���. 

) V(  E��	 ��"Am  �P��!� ��KG�� �Naq.!� BCD EV�'D'L	N m. 
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����� :��	
��� �
�
�� ��k

) J[(       �P��!� ��KG�� E��	 ��"Am   � c :      4��!� 0+� NCQ�!� 7*��8 ���b �

)1(
 

D@�\��C-!� ��	 . 

) �(     NCQ�!� N:*��8 ���� �+8 :      Naq.J!� 9q�� M5 \@R��c �� �    �G	Jj \@JR

 �P��m 0+� Naq.!� �D \@R��� �b. 

) <(  ���"A ���	 � :  @R�� ��!� ��KG���  sm   �      BJCD E�"F @R���  NJ$�n�

h� BCD!���[ ^c�Qj @�D NCQ�!� 7*��8 ��� �\��C-C. 

) |(   ��� �+8  NCQ�!� N:*��8 � :       0+� @R�� �Naq.!� 9q�� M5 @R��a  @R��� 

  0+�b       9� BCD EV�'D E��	 ��"A � ���[ �: )1(
 

   �J�	 @�D

\��C-!�.  

)U,U( Z = ρNAV/M:  

) �( 
����: (CH4) ] @�D70K :[V = 215.8Å3 �ρ = 0.492 g cm-3 �M = 16.04 �Z 

= 4. 

) & (  �h
 v�(C) :V = 45.38Å3 �ρ =3.512 g cm-3 �M = 12.01 �Z = 8. 

) 6(  <���C�� (C6H12O6) :V = 764.1Å3 �ρ = 1.564 g cm-3 �M = 180.1 �Z = 

4. 

) V(   Bis(dimrthylgloxime)platinum (II) (C8H14N4O4Pt) :V = 1146Å3�        

ρ=2.46 g cm-3 �M = 425.3 �Z = 4. 

 �Zn�(Å3)����@:[ ;Y \�X 9�!  :(a) 215.8/4 = 54 �(b) 45.35/8 = 5.7 �(c) 

764.1/48 = 15.9 �(d) 1146/68 = 16.9.  

(a) �(b)�	Sj NG�S.G �*+j N:1@S ��S!�� N���S!� >������ zNC�'
� !  
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)U,�( V = 664.5 Å3 .!\	�    9J:C} @J�D >�J1�:G � r�5436/1/
3
4 3

⎟
⎠

⎞
⎜
⎝

⎛
VrN .

      ¡�!� 7[ N:C8�� +!� \@R�!� �� ¢�	"$�G          �J[ >�1�:-!� � �@Q
� V@S!� ����� ��[ � �'

680. 9� �� �:R 	��� ���� f�� �NQ:Qn� 3  >�1�:-!�) Ng��hk0(  ?N�D ���j.  

)U,�(    ���$£! 7l-�� N:j��            9J� 3 �:�	"!� \@R� N:C� BCD f	S"!� 3 �@D�Aj �� 

N!�R.   

) �(     �[ 6X�'�!� ��[p1    98�� ��@G ��@D� 98��        �J�	 �JY� ��:ag `�Q"1� 

   I�	Q"!� &+Q1?�)   n� >���A
� 	P~j �'�CN:1��(    ��� �-AG   �PS:� 0�a"j

  s��?� ¤q1 3 . �"¥ @L    \@R� N:C� �  �:�	j 0��b� �    BCD N��@-!�G ND��" 

       ¦ �� �����Z" ��:"�� V��� 9:K"A  ̂ G�	!�JG §+Y5 .    \@JR�!� ��J�j

   N:Cgh� N:CT� 7[ N:C8��+!� .        4J��! �N:CT� � 9:K"A
� 9�o!� ��-"�� ��m

 ���[ ¤:!� N:!�h� N:CT� �ZR zSO ����&�-��"�? 98�� :�[��. 

) & (    A ���[ ����     Naq.!� �D E��	 ��")   ¤:*	!� N$	��!� 	.�D 0+�( �

   §?�1� ¨�K��  � BCD� M55  Naq.!� 9q�� M .     ��"AJ'C! \	J< ���j

   7[ `�"!�Gp2mg .         ����V NKQ1 BCD N-��� NQ�	KG 9gh� NKQ1 ��-"�� �"�

       ��V��� ��C� �G z."�
� 9� �NCQ�!� 7*��8 ��au .    \@JR� N:C� ���j

C:K"A �:�	"!�4�PSG� 7[ N:C8�� +!� \@R�!�� . 

) 6(     �O��!� � 6X�'�!� ��[         ��qC"t ���� BCDh ����@!� �� �:R �IKL 41� 

   � �9q�h ����@!� �D �©8 �      NCQ�!� N:*��8 >�1���V BCD E�"F +$  . ����

     §?�1�� \�	 7K� � 9� ���[   � �Naq.!� BCD� j    ��"AJ
� \	< ���

  7[cm.     9�$� 3 9gh� NKQ1 ���j         ¨�JKT� �J \@R�� BCD ^O� 

 ��"¥� N���	
�       ��J[ � 9:K"A �:�	j \@R� N:C�  .    \@JR�!� ��J�j

�:�	"!� \@R� N:C� ^G� 7[ N:C8��+!�. 
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) V(       IKL ;Y 41� �O��!� � 6X�'�!� ��[ .      7*�J�8 ����V «KQ1 BCD E�"F 415 

NCQ�!�)     ��@SG 3 &+Q1� ���	 9�(     Q�!� BCD �0��
� 9:-� BCD �� � ¨  ��oJ


  f�qg N"AG �P:!5 ! N:CT ��m          ��J[ �J V@} �5 4C:K"A �:�	j \@R� 

NKQ�!� .           N:KQ�!� \	�!�� �[��?� +� 3 §?�1�� \�	 ¨�K� �% �5c2mm. 

N:CT� �'¡8 7[ N:C8��+!� \@R�!� ���j.  

)U,d()  � (    §?�1� M5 ;oj N:�~1 >�G�:Y� n ┴ a ?�1�� §� a ┴ b .   �J[ >�-8� �"� �

\@o!� >�S�<�"G . E��	
� §�K�!� ;o�hk0M5   NJCQ�!� 7*��8 ����V c ||. 

      4L�Q"b� ��m I!�! ��� ��[ ���� ���[       §?�J1� «:JC'D V�J}� �  :

zyx ,,
2

1   � zyx
2

1
,,

2

1
,     7KS:!zyx

2

1
,

2

1
,

2

1 �    M5 NJ~R+u

 N��V 9L��� � l = 2n J! 00l. N:Y�	q!� \	�!� ���j Pna21.  

)&(    >�1�:G ¬$��jhkl   � khl        7[ E�? \	< �� M5 ;oj 4/mmm .j  ���r� ;o

     M5 N���	
� �c��
�� N:-!�C!�P41212   �� P43212 .    98�� ��Sj ���[ �-.:�

f�q.C! h00 = 0k0 � hh0 � ��8� 9�SG 00lNSG�� 9�SG .  

)6(    f�!� ;� 	� ��[  :Cc �   �C2/c         3 �JQ$ >�J���� ^G�� ���[ ���� �

  |	"Q"� «!� �N:CT� Cc  4-�j ��! �!    ]E��� ���#G     4! ���� ��5   98�� �2 

 98�� ��1    �� ��@� \@:� N��@G �          3 BJCDh� NJ:Y�	q!� \	J�!� 4! ����

��Q-c �?�� &	� �� N!�R 9� 3 7l-�� «!� �98�'"!�L ���@j M5 7��:.   

)V (       9:
� 78+8 N:C� s�[ ���j �@-� � BCD NCC�   	L N����!�G �    M5 ��@� N-90
o .

        N$�q.
� NK���G 0�} �� ��m NQ:Qn� 3120/-100/001     EV�JR� N:C� M5

\��	p 9:
��C :a' = 12.995 �b' = 3.952 �c' = 9.993Å �β= 98.42
o . ��m

       ��"A
� ��	G ��:K:K¥ ��[ �-� ��xy     Nm@Q!� N:CT� � )    BJCD 	P~j «!�

   ��G 9Lh�α �  γ
 

   ��� 7[90
o(.        «J!� �N$�q.
� ¤q1 NK���G N!�@C! 0�} 
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 N!Vh� ^�.j     N��Q!� 6��<h� � )315(   � (513)  �)0,2,10(  �� )044()404(. 

 >�1�:G �-.j0kl �� 2k; 0, l�\@�@�� N:CT� 3  �J[ �� NQ:QR� s  ��J�j 

 @�D N-*�Yl = 2n + 1  7J[ N:1�8 \	 N:Y�	q!� \	�!� �� 	P~j Cc �� )  	J���

'"R��?� (C2/c.  

  

����� ��	��  

)�,� () � (a* = 1/a  �b* = 1/b �c* = 1/c �����!� 9� ���j�  7[ 90o  

)&(a* = 1/(a sin β)  �b* = 1/b �c* =1/(c sin β)��  β* = 180o - β)   w�J~�!

9:
� EV�R�V=abc sin β (   

)�,�( λ = 2d sin θ ^O �sin θ = 1 ��! �λ = 2d ¦ � � d = λ/2. �d = 0.355Å N-A�!�G 

 J!Mo Kα� �d = 0.771Å J! Cu Kα.  

)�,U( λ = 2 × 0.84 sin θ �sin θ = 0.717073/1.68 J! Mo Kα�  ��!θ = 25.0o �� sin θ 

= 1.54184/1.68 ��! �θ = 66.6o J! Cu Kα.  

)�,�() �( J! ψ = 0�  0 = tan-1(-x/y)  

  χ0 = tan-1 (z/k(x2 + y2)) �:R k2 = 1/(x2 + y2)  

  ��! χ0 = tan-1 (z/√(x2 + y2))  
  θ0 = sin-1 (λr/2)= sin-1(λ√(x2 + y2 + z2)/2)  
  0 = θ0

  

)& ( J!ψ = 90o�  � _��!� @n� �Q 4! ����  `�"!�G �	qg w0 - 90o J! χ 

 §	q!� �-AG 	qg ����� ����90o �G  � 0   �#J$ `�J"!�G �χ = ± 90o 

 \��b5 BCD V�'"D�z  

  θ = θ0)  BCD ��[ @'"S� ?ψ(   

   �:A-j 9PA!� � ¤:!!  

o b e i k a n d l . c o m
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)�,�( a = 8, b = 4, c = 10Å \��C-!� ���j "-� ��r� 0�R ���� Nc . \	�$ s�[ �A:!

�-AG \@:�zD��
� v��S1?� ;8�j .  

)�,d( 200: 14.36, 7.18, 0, 0  
  020: 28.96, 14.48, 0, -90  
  002: 11.48, 5.74, -90, 0  
  : 51.32, 25.66, 35.26, -45.00542 

)�,e( 200: 11.48, 5.74, -90, -90� NCP� ���j �� 7l-�� �::Q"!�  

  : 51.32, -29.08, 90, -135.00542 � \V�@AJ ��[ ���� �� ��m  NJQCn�G χ 

 ���j�200 � 020�P:!5 0�g�!� �S.!� � ��-!�Y .  

)�,k(
� ���j >+�S 111  

)�, ( λ = 2d sin θ  �d002= c/2 = 5Å . J!λ= 1Å  ��J[ 7KS� �θ = 5.739
o .�θ  ;JY 

Na:a.!�  5.714
o«!� j
� >�G�An� 3 7KS�S� N�d002 = 5.022Å��! ����j  c  ;JY 

 Na:a.!�= 10.044Å� a 0.44% �K�.   

  

����� ��	��  

)�,�() � (        ¯�Sb5 ^ 9L� ���� {�."?� �� �Y�Mo        NJ!�n� s�J[ 3 §	q!� �#$ �

  ����      `��R � ��@R M5 ;lg(20%) .  w@x"Aj �� 7l-��   ¯�Sb5 Cu   7J�! 

��L� >�1�:G BCD 9.}.   

)&(    {�."?� ����  S�!� � 	���      ^ \��KT� �:R � zCu    ��J[ V�S� �

  M5  �0�D ��C� ��"�   ;8�j w��C! ���� �        �J �D�J1 ^ 98�p {�."� 

      ¯�Sb5 ��C�!� °"m ��! �¯�Sb2�Cu    	��� \�QG D  �Mo .   ��J�� ��%

Mo�oG 9�$� s�[ 	~�!� NP�� � �O�� 9.   
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����� :��	
��� �
�
�� �UU

)6 (  ^Q�Ru     {�."?� N$�R zC� Mo �  �©8 �    �J� �{�."?� 0]��"�   ¦ 

  ����Mo      ."?� >�;8�j �� �:R �\�QG �+�q     \��K� 9L� ���j {�

 ^ 4�DCu.  

)V(       ¯�Sb5 w�@x"�� NG	Z"!� s�[ �CK"jCu   �:R �5     � E�A!� ;Y �"o"!� �

N � O ^ �P�:G �::'"!� ��m ? Mo.  

)J[ (             M5 EV¬J� f�J� w��!� >��X V��� �� �:R �4�@x"�� ��m �P��

  ��� ;Y >�;8�jN      ̄ �Sb2� � �D��!� +� ^ N��L .    ¯�Sb5 ���� @LCu 

z:SO 9�oG V�:R �@} \��C-!� �� �! �+�q.  

)�,�(              \V�JR2� N��V� \��C-!� ���j �X�
 0��
� 9:-� BCD� NoL�� �CK"� 0�¬A!� ��[

      \;lg 7[ 9[ �±:A!� ¯�SoC!��@��           �J�� �! �����p v�a�!� ¯�Sb5 ���� N!�R E� 3 

 G \��CG      ��Q:-Kj 9L� v�a�!� ¯�Sb5 ���� �EV�S!� �Zn� .      zJb���!�� �V�.J
� �� �!

   N'*+ ���j ? N�@:CQ"!�           �_�	j�	��J� ¯�SJb5 �\���@J!� NJ-��
� &�KLh� �#$ �

�[��-"D� ��m NR�A zb���� .? "�� ���� 9�$� \��CG �² �� BA�j:	�� ��.  

)�,U(         >�L+S!� s�[� N��lC! z*�< 0�� ��[ �5 ?         ¤Jq1 ^J �PC� �@} �� ��m

\��C-!� .       3 ����< � @:� ��o"1� @��� 41� �R? χ �      NC�o ���j ? ��� �:� �.  �5 

7[ N�	��a"!� >���b2�:  

    ����S1?�3 � 11�P$�R 7l-��� ��@� Nq:SO �  

    v��S1?�4    ��@� ��L )$�R ��m4  @JG? ��! ��L¬ 9�oG  �� J1:�q 3 4

N��P�!�(�  

  S1?�  v��7       E�� ;Y 9�oG V�R ���� )      �� <�JP��G �CS"� �-AG 0�'"R�

zD�� V�:R(�  

o b e i k a n d l . c o m
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    ����S1?�10   � 11    ��@� ���	D )        ;JY \��C-!� 9[ �� � ¯�1 � ³��oj 

�N-���(�  

   ����S1?�12 � 15�-�!� ����< ¤q1 �'%  9[ �j�\��CG � 	��� @��  

)�,�(        �!� N�n� 9� 0+� 6X�'�!� ��[ �	� �!      ? NG��2� ���j �>�1�:-!� � NC� .

             9J:
� EV�JR� >��$�� � �O�� 9�oG �"C.q� �"�R M5 >����S1?� �AQ�j

 0�R NS'Z" >�@oG260 � 200.  

)�,�(       0�¬A!� ��% \V	q� N:O��� NG��5 @��j ? .    � ��	
� �5THF   �'% 37  ¤´� 

 �CK"j N:�:���@:[ ? >��X666 Å3 � 90 Å3"!� BCD `�� .   \@JR� NJ:C� E�"} @L

 ��	
� � >����� �+8 BCD �:�	"!�(1998 Å3) ��@G THF �$��"!� ���� ? ��! �

 � @:�Z = 3Na�	 ���j ?  . � ����� iAm 41� �!THF   \@JR� NJ:C�  9�! 

 �:�	j(1332 Å3) �	""� «!� �518 Å3 � >����� N"� `��n N:$�� THF N:C� 9�! 

 �:�	j \@R� .�       ̂ �	� @Q$ � _�Sj f�� N:CT� iCj 9     4"��= �� �X5 ?5 ���'C!  .

            \��CG ^ >�1�:-!� ^�� wh� 0�Cr� �} 4!��@"G 0��
� 9:-� BCD    ��< � ]�olG N:CK

@'W.  

)�,d(    9:!V 9�! h  �k   � l �         �:�	"!� \@R� N:C� 0�c BCD �P'AL�� NQCK
� �:Q!� ^�

NCG�Q
� .   �'" ���j �A�!� 9[       0+� 9Q�! �^��� §�K1 BCD NC8      µ �X5 ���J8� 9J�S!�

  ���ji!��      N-��� ;Y ���j >����S1?� ��:"�� �#$ � .  >�J���S1?� 9� w�@x"��G

    ��-�	Qj �A�!� ���j2  �3   � 6   ! ¦ �� � �� �  � ��S�Q ��-"�?� .     �� �JR+j f�J�

 ^G�	!� v��S1?�(-3, 10, 1)��:�~1 ��-*�Y ���� �� ^L�"
� � G 3 C \��	p \��C- ¦ �� 

��@�@} ��-��� ���� ? . ^ &�An� \V�D5(-3, 10, 1) N$��r�   �AJ1 7KS� 2 �2 � 6 

    NS�Q 9�
�G ���j ? «!� .    >����S1?� N'*�L 6�"}5       NJ!V� �% 	��� >?��V5 Mh  �k 

N:!�D.   
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)�,e() �(       N':L 4! ���� 0�h� v��S1?�2θ     � ��D�1 NSqj	 �      ��J�� �� ��J% ��m

1#G ��	8�"�Ko� α1- α2) �o ��[ ^�� ]���w@x"A
� <�P�� BCD @'"Sj NC .(

    ��	��} 	��� _��!� v��S1?� ���� :       N�Jqx� N���< @�D v��S1� �E�L 415

     \@b �A"�� @L E�!� @��� �:R ̂ :Soj     7*�AJq:Aq!� s��o"1� \��C-!�  . �5

  � ��CA!� ��[ ;Y     ;Y ���� �� ��	
�   �KGQ     �:-Kj� 9�� >�1�:G N�n ��

  �:a.j§�:A1�          41� ��	
� � V�:n� ��X 9� ��C� BCD ��V�'"D�   0�J"¶ 

>�1�:-!� N�R \V��.  

)&(         "�� �@JQ:! �'P�S-! �����Z" �1��� �!��!�� _��!� ����S1?� J: ����

     \��C-!� N�	R BCD �CQ"A)       `��R �'% �PZ"
� �G N����!� ���j30
o .(

 "�� 7l-��: ?� ��          �@JQG HS-J!� �P�JSG BCD \@�S" ���"! >����S1

�2��  �)       M5 N-�	L ���j �� �·�PZ"
 7l-��90
o     @J:��"!�G� ���2� �@QG

 �D 9Qj ?45
o.(  

)6 (       N1��Q ��q:SO �!��!� ���� ��! ���� 9�oG \@�S" >����S1?� ���j

        3 \;-� N:-A1 >�;lj 	P~� @L� �	�h�G    4� NCD�� �\@o!�  ���� ;Y

5  �      �:-K"! �� \��C-!� ��C� N-L�	
  J�� >�a:a.jf�	     0��J"�� ]�J�8� 

>�1�:-!� .           s�:� ��"A ��'CD �X5 ?5 ��V@� ���� �� 9:a"A
� �)  7Jl-��

� N:��:Q!� >����S1+!� j �A1 ���(I)/σ(I) ¸V� @� 50.(  

)�,k(       j f�� NC�q
� w�n� >���A �� �"D�   �AR�� 7C(I/I0=e-µx)    NJ!�R 9� 3  .

  ��A
� 0�c� ���j>�            �:L ���j� �4Cq�� 0�h� V�'S!� 3 N�:- 7[ �'� ��.L� �:1V 

e-µx      N8+�!� \@'Dh� 3 NCG�Q
� N:!�"!� .  \��C-!"-�   Gh� �[��� BCD N  E	  7��	!�(c)   �J �

            	� f�� ±:A!� ¯�So!� N�R ��G 0�QS ¢�	"$� 9'S1 �� ��'
�     ��J[ 0�Jc BCD

� ��r����� �y B.Lh�� ¸Vh� ��A
� `�c 0.06 � 0.08`��"!� BCD .  
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 �R?� >�X >���C-C! 41μ = 0.1mm-1{�."?� ���� ;Y G� ����:p l	~�!� H 

�D       >+�S �@ ���� �\��C-!� N:��!�$�� X�q�!� Q:O �� ��@�  .   �:L ^μ   ���� BCD� 

    � {�."?� �� �O��!� �          \��JCG �-O ��� NS:$	!� NF	oC! Ng�� Nq.G ��c	q ���

      ��:��� E	Gh� �[��� ^ N�	G�(c)       ��:Q$� �PK-O � 9�$� ���� (d)     7KS� 0�h� �� 3 

 >+�S � 	��� �:O� 0�WX�q�!� � N:!�D �:L ^ Ng�� �μ   .  

)�,  (           7J[ N!�A
� ���j ��!� �>�O�	"$?�� >�-�	Q"!� HSG &�An� ��[ 9'o� 

          N'P ���j s�[ �� �! �':$ 	�	Qj� NC��@!� ���oC! ���� 	�@Qj .    NJ!�n� �?�� �"D�

(b)  ���o!� �AR��   3 N:-A�!�      N8+�!� N:CT� V�SG� )       @J�D �PAq1 7[ ��-�	Qj s�[ ���j

  `��R1    3 ]�� 2000 .(        ���j ]�K�h� ��G ¢�	"$?� BCD 	'"�� ¦ {��T� \@R�. 

 N':Q!� 7KSj1 3 2000 0�c 3 io!� M5 w�P�5 C-C� 1.520Å/2000 E��A�0.0008Å 

E�!�      E� BCD ���:p ���� ? f��        NJLV 	J��h� >�@�@a"!� �@D �':$ 0�R .  ��J��

       NKG�	!� >�P��j 9�! N':L >�X &�An�C-C .    3 N:CT� ���j(a) � ���  �O�� 9�oG  .

     3 N:-A�!� ���o!� �AR�a  �b   � c :    �:JQ!� ���j1   3 700  �1 3   650   � 1   3 350 

        ���j ?� ��D�qj�� 	��� ���"� �`��"!� BCD {��T� \@R� .    �AR�  ioC! w�P�2�

   NKG�	!� 3C-C !�        >�J[��?� �J 9�! N�<�� NSL��[100]  �[010]   � [001] .  ��J�j

   7[ >�G��2�002  �0.002   � 0.004Å  ̀ ��"!� BCD  .s�[�     z:�j f�� \;�h� Ng�¹� 

o b e i k a n d l . c o m
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oG�   !� M5 �:p 9  @�@} 3 io  7�X�² �:�	j  .      	�@Q"!� ��V NG�Ar� �:Q!� ���j �u�

\@:Q
� ;Y �����!� � w�P�5 E� ��Cy� ��1� �:R ��:a.!�.  

)�,�ª( )� (280(33) � )& (2016(54) �)6 (-14(21) �)V (52(16). 

  

������ ��	��  

)e,� (  ¯Vc 9JJ�� cos 2π � s 9JJ�� sin 2π<�JJº»!  . @JJn� 9JJCF(A)M5                   

chx–c(ky+lz)–shx·s(ky+lz)  M5 ¼���JJ�� ¦ �JJ� chx·cky·clz-chx·sky·slz-shx·cky·slz-

shx·sky·clz 9�S!� 9:C} ��m 4G�o NQ�	KG (B)7KS:! �j	  shx·cky·clz + chx·sky·clz 

+ chx·cky·slz - shx·sky·slzR ½ �� sx =-s(-x) � cx=c(-x)  f�J� &+Q1?� ��	 �#$ 

b+� �:Q!� 9� 7�@D�GV V	$ V�@R � N�sine   �� �J:� �B = 0 .  f�J� 0]��J"j 

 � N:Q-"
� ]���h�A E@R �% «!� sin����� � 0��
� 9:-� BCD x, y, z 7b+� f�� x, 

y, -z BCD E�"F @R E� 3 slz . M5 w�"!� ;-S"!� 0�"¶B = 0 � A = 8chx·cky·clz.  

)e,� (  �:R5 �N$�R�Q�2� 3 N:CT�  ¨j ���2.72 Å   7'AJ�� 	JKQ!� 0�c �#$ �

 ���:�4.71 Å)  NK���G ��G�	�√3 .( >���! NCG�Q
� �'Q!� ���jS 7[ 0.22 � 0.78 �

     ��X �#$ ¦ �S            ��J�j �� @G? NCQ�!� 7*��8 ��r� ¤q1 BCD �"SL��!� 0.44×4.71  �� 

0.56×4.71 Å E� \@R BCD 2.07 �� 2.67Å .� 	��h� 7[ M�h� ���j��O�	"$ .  �J�m

  N$�A'C!Fe…S        � N$�A
� �� ¢�	"$�G �A} �� Fe       NKG�� � z."�
� NKQ1 M5 S-S 

   ���j f��2.72Å)   z.1N$�R N:CT� (     s��� 0�c BCD �x   0��
� 9:-� BCD � .  ��J�[

 >�:8�@R5 ���j f�� �4:!5 ¯��	!�GS 7[ &	Lh� 0.50 - 0.11 �0.11 �0.11 N:S�	
�G 

� \@R� N:C� M5� Na:a.!� �:�	"! N$�5.43 Å N$�A
� ���j ¦ � �2.28 Å. 

)e,U (               �J:� ���JS {�xb� � ND�'Zu 9�$� �� BCD N!�A
� s�[ N��S ��m

>�G�An� �:AQj ��m ! @�D N'L ���	j�G 7KS�z = 0.197)  ¯�'W =88  @J�D 0.19 
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�97 @�D 0.20 .( ^O� � ��¬j �� 	���$ >���b2 ��m ���[Br  @J�D z = 0.10 �

    N-�� ��[ >���b2� 9� �+D�� .          6X�J² ��J�[ ���� �¯�'¾� ��[ ]�	�5 �"� �@�D

         >�	�G {�T� 9��!� \	P~ N'~"� �'L � v�'CCH2      3 9��@J"j «!� �6��<�  3 

NCACA!� 3 >���!� V@D �@QG �'Q!� � V@S!� z.1 ���[ ���� ¦ � �¨�Q�2�.  

  

������ ��	��  

)k,� (    V@D �16            9Jgh� NKQ1 ^ �P� NSG�� �G�K"� �^G�h� >���C! E�X 4Z" �

�     � 9� @�D ���8zx 2
2
1

,
2
1

,2   �zx 2
2

1
,

2

1
,2)  	���[ ��"A(     9J� @�D ���8� �

  �
2

1
,2

2

1
,0 y �  

2

1
,2

2

1
,0 y)  ���[ ��	( � �j      NJ�S!� ^O��
� \;�h� ^G�h� 9lo

2x, 2y, 2z� 2x, -2y, 2z�  -2x, 2y, -2z �-2x, -2y, -2z N:Y�	q!� ���	j�G \	< 3 P2/m.  

)k,� (    ���[ ����32 SO� �� ���A" �� :$�� ��   \��! Ru      BJCD ��V�'"D� �\V	q�   E� M5

             �J NC��!� N'*�Q!� ^ ���Qj �� \V�g	
� N'Q!� ^O��
 ��m �@!� ��	J'" )k,�( �

�b     BCD� 98�� >��$��" NC�v�-"!?        |	c �� N$�O5 ��m �:R w�S!� 
2

1   ��� E� � .

      �[ ��R�O� 	��h� 9n� ����0.224  �0.222  �0.081 .  �!��     	J'C-" ���:� ]E��� 

��8    \��! @G+$ 7*Ru        ��X NK���G N�	K�L ���j �� s�[ Cl   \��! Ru   �¿ NK-j	 �	��  

    &+Q1� ��	 NK���G)  ���j ��� �!     � NQ�	KG N�	K�L 5      NKJ���G �¿ NK-j	 �	�� M

     ���"� �§?�1� ��"A �� I!�! ���     7*�� ? 	':!�G 7[ NZ:"�!�  .(    >�X \�X &	L� �5

 @�D iCj 7[ \��!� s�% N-��� N:C8�� NL+D- 0.224 �- 0.222 �- 0.081 ���j f��� 

 `��R[√(0.452 + 0.442 + 0.162)] × 15 Å `��R �� 9.5 Å��@:SG  .��@� ��@:SG ��[ ����� 

 \	K�Q!� �� �:RRu – Cl – Ru  � 	��� ���j �! 3.5 Å. 

)k,U (       ^O� N:!�'"R� 7[ �AGh� NQ�	K!�Ni   >��X� "S"    ̂ G	
� ����� BCD N�	K�Q!�  �

���[�: 
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Ni1 @�D 1.2, 1.2, 0 S1 @�D 1.2, -1.2, 0  

Ni2 @�D -1.2, -1.2, 0  S2 @�D  -1.2, 1.2, 0  

�X ^O� ��m >�S@�D �	�h� :  
  1.2, 1.2, 1.2    1.2, 1.2, -1.2    
  -1.2, -1.2, 1.2     -1.2, -1.2, -1.2  
  2.4, 1.2, 0       1.2, 2.4, 0 
  -2.4, -1.2, 0     -1.2, -2.4, 0 

)k,� ( 	P~j       �J�	p �:�	j \@R� N:C� N:�~�!� >�G�:l!� �C     §?�J1� ��"AJ� 

b ┴  c N!�R 9� 3 ) 98�'"!� 9�D �J!��!� .(Cmc21 f�J�     ��"AJ 4J! ��J�� 

 	���[Harker plane   BJCD EV�J'D )
2

1
 ,2 ,2( yxc  ���J[ �J�� 	  M5 E<��J 

a(2x,0, 0). C2cm      BJCD @J�S" 	���J[ ��"AJ 4J! ���� f�� a(0, 2y, 2z) 

 J! ���<�� 	���[ ���c(0, 0, 1/2 + 2z).  

  

������ ��	��  

) ,� ( 7[ NG�CK
� \V@r� ���j: 

)0()h()h2(

)h()0()h(

)h2()h()0(

EEE

EEE

EEE
  

N���A" ;Y NL+D 7KS"! V@� �� ��m «!�  

  
E(0)[E2(0) - |E(2h)|2 – 2|E(h)|2] + 2|E(h)|2E(2h) ≥ 0 

  

 �	"o
� 9�S!� ]�l!#G ��[ �A-� �� ��m[E(0)–E(2h)]7KS:! �:j	"!� \V�D5�   

  

)]2()0()[0(
2

1
 |)h(| 2 hEEEE  
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          �[ N���-"
� � 	A�h� f	K!� ���� �\�KS
� >�SA!� ^4 !��     �J[ �mh� f	K

2

15
    �� 

2

3
   �:Q!E(2h)    ̀ ��"!� BCD N-!�A!�� N-��
�  .   \��b5 �5E(2h)      ��J�j �� @JG? 

N-��.  

) ,� ( ��j   N!V�S
� ) ,k (      3 \V@r� V@� � \	b�-) ,e .(    �\�JKS
� >�SA!� ^

 N���-"
� �-.j8 ≥ 0 �� -8 ≥ 0 BCD ��V�'"D�  \��b5E(-h)E(h-k)E(k) . @G?2  \��JbE(-

h)E(h-k)E(k)N-�� ��% ���j �� . 

) ,U (  NSG�	!� N-j	!� \V@� ���j 

)0()l()lk()lkh(

)l()0()h()kh(

)lk()k()0()h(

)lkh()kh()h()0(

EEEE

EEEE

EEEE

EEEE

  

  

^ E(h+k) = E(k+l) = 0N���-"
� NL+D ��[ ���� �  

  
E2(0)[E2(0) - |E(h)|2 – |E(k)|2 - |E(l)|2 - |E(- h – k – l)2|] + |E(h)E(l)|2 

                  + |E(k)E(h + k + l)|2 -2E(h)E(k)E(l)E(- h – k – l)  ≥ 0 
 

                �� >�J-82 ��J[ w@x"AJ� �� �J�m N-J��� \;-� >�S� ^�5  \��Jb

E(h)E(k)E(l)E(- h – k – l)N-!�A!� N:D�G	!� NL+D 7[ s�[ �N-!�� ���j �� @G? .   

) ,� (  0�.n� �"�        	J'"!� 3 \V@r� � �+�!� >�V@r� BCD   ��) ,U (  9�@J-"!�G

N!V£! E��@!�.L� 9:!V ����� 7KSj �� ¨	oG N-!�A!� N:D�G	!� BCD ��       E(h + k) = 

E(k + l) = E(h + l) = 0. 

) ,� ( 7�!      >���b5 z:�.j �"� ��@-1 (+)  M55.7   � 14.5   �	!�� A 5  M8.8 .  ±SjB 

 
� \��b2�A��SN J!  A .       }� ^ ]@-!�G 4:CD 0�.n� ��m 9�@G 9RV�>�    �J �	�� 

>���b2�. �� NQ:QR A = +1 M5 \V���
� NC�@-!� �:Q!�G ���:- ���� 8.13 ��[ �B � �. 
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�� ����� ��	��  

)��,�(     3 ^L�"
� �KT�α     	�h� � N':Q!� z.1 ���� >��      9JQ�!� ��J�� `�"!�G �

	�h� � N':Q!� zSO>�� � �?@G �α = 7.3 ���@! ���� �2α = 146 . � ;Jl�  �J:-K"!

 N!V�S
� �qa"!� � ��Q!�α + β + γ = 180 M5 2α + 2β + 2γ = 360)   9J�S!� ����2 

E��:"�� .( 

 7[ N:S:-K!� >?V�S
� ���jATAx = ATb�� E� :  
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7KS� E�!�  
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⎝
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⎠

⎞
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⎝

⎛

775

766

1012

544

454

448
  

  

 9n� � @��jα =  73.6o �β = 48.4o �γ = 57.4o ��P#G >?V�S
� �QF ��[ ��.  

)��,�(  ���j7[ \V�g	
� >?V�S
�: 

 

⎟
⎟
⎟

⎠

⎞

⎜
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⎝
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⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

7

3

2

15

13
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c

m  

  

N:S:-K!� >?V�S
� ���j:  

  

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟⎟
⎠

⎞
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⎛
⎟⎟
⎠
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⎝

⎛

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

7

3

2

111

531

15

13

11

111

531

c

m  

7KSj «!�  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

12

46

39

935

c

m  

�[ 9n� ����� 
4

5
m �

4

1
c �� ���� �:� �]�q�1?� 

4

1

4

5
xy. 

)��,U( 7[ N:S:-K!� >?V�S
� N$�q. ���j  

  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

39

935  

�[ �P���S�:  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

359

93

24

1  
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j �:L ��[ 7KS��"M5 ����  

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
2

2

cmccm

mccmm  

 �:�5 �μmc = -9/√(3×35) = -0.86.  

)��,�( >?V�S
� ���j7[ NCQ�
� \V�g	
�  
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7[ N:S:-K!� >?V�S
� ���j:  
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)��,�( >?V�S
� 9�\@D�L �@D �':$ N:K� ���j ) �"�( cosine .j9� s�[ �"�: 

 
f(α, β, γ, a, b, c) = b2 + c2 – a2 + 2bc cos α = 0  

  

7[ >�L�Q"b?� ���j ¦ �: 

cos22       cos22                2

0                        0       sin2

bc
f

cb
f

a
f

ff
bc

f

  

      

[ ��% >�L�Q"b?� N$�q. ���j�7:  
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000111

cos22cos22200sin2

100000

010000

001000

000100

000010

000001

cbcbbc

  

  

�� ����� ��	��  

)��,�() � (              �J 9J:CL w�P�5 BCD E�"} «!� �NSqj	 N���< @�D >�1�:G ��[ 0V�S�

  >��XH    N$��� �� s�oj .       �� BCD 0�.aC! @:q
� � ���� ¦ �L   �� N��X ^

              §	Jq!� �*�	J� 	P~j f�� ¦ � �N����!� ^O��
� M5 9�$� ��	Qj 9'Sj

��X >H� / ���O�� 9�oG N��	� ? >�S�<�j.  

)& (             >�'AJ!� BJCD 	��� @'"Sj «!� �N�qx� N���< @�D >�1�:G ��[ 0V�S�

  �:�	"!� � N��	S!� .        �J:�	j 	��Kj � M�h� 9R�	
� 3 @D�Aj @L .

 @�D ^KQ!� �-Kj �� 7[ ;8�j 	��h� NQ�	K!�θmax.  

)��,�() � (12\�X  ×) 3 >�:8�@R5  +1 Uiso ( =12×4 = 48   9J�D M5 N$�JO2�G �

 7KS� v�:L49.  

)&  (12 × (3+6) + 1 = 109.  

)6  (12 × 9 + 12 × 4 (H atoms) + 1 = 157.  

)��,U() � ( ���jy ��!� \	R x � z�1��j �N-��� �:L @�D ��""-�  .U13 = U23 = 0 �

 �:L ���jUij\	R �	�� .  
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����� :��	
��� �
�
�� ��d

)& ( ���jz ��! �\	R j �1��x � y��"K-j	 ��:K� )  9�x = y  @J'"S� ��! 

\�	
� ��"A
 �:L@!� ^O�!� BCD w�"!� @::Q"!� .( ^O�'C!x,y,z �U11 = U22 

 �U13 = U23.  

)��,�() � ( ?]7b �)& ( ��PC�)6 (a � c �)V (b  

)��,�(��  � ]ETHF����"A ���� ? .  

)��,d() � ( 9�C – F  9� �N���A" F – F N���A" )  �J���< 9J� �� E� F – C – F 

N���A"( � >�~q}Uij���� NKG�� N rigid-bond �G��� 9�! C – F.  

)& ( �G��� 9�C – C ����< 9� �N���A" C – C – C  N���A")  9J'S! N�$��

   >�$�A 9�1,3- N���A" (    >�$�A 9� �1,4-   N���A" )   9�b �D �::�

��a:ag ���� ? ��[ �� �:R �&��Q!�(�N���� NKG��  rigid – bond Uij 

 �����!C – C. ! 7l-��  ���J�� N@x"A ���j �� ���� 6X�² >�~qa"

 >���!H.   

)��,e(       �:R 98�'"!�G ��$��" ��	"���G �:Q�j5   �J:KS� �CQ"A �1��� �� 0�R 3 41

N$�q.        �CQj �� ��m ? «!� �N�V�R� )  	qg V@r� ����(  98�'"!� ±S� ��   �� &X��!� 

  �� N$�q.
� V@�   ��;lg ��)    NC"S N!�R 3 N$�q.
� ���j(  � �©8 �  Q1?� �#$   Â"�� &+

� \;-� 	"���G >�R�<5\;-� ���b.  

)��,k( 3 NaO� NC�� !�9�o �L� )U,��:(  

  

  
�����   ��	 )
,��.(   � ����� ����  ���     ����� ���� �! "#�#$  .       %&'*#� +-��'" /���0 �� 1

2�3� 4�56�6�-� 7� %���+�����8#�9 :�6;�	< :�6�=� 4�	>�� .  
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����� :��	
��� �
�
�� ��e

)��, ( j ��� 	g��D        0�;� �·�X @R 3 N:Y�	q!� \	�!� 98�� .     ;Jlj �� E��	�!� �

 N:Y�	q!� \	�!�P43NA��S N:!�;� � 9��D �% ���� «!� �.  

)��,�ª(           J!��� 3 ��@� \;-� NR�<2� >�	"���G �� NR�<2� 	"���G �-.jN 2  ]�Jq�

N$���!� ;Y N:1�	"�!2� 
�NG�CK. �:L ���j R\��!� ��@G N':Q!� � ��� ����� .  

)��,��() � (   N!V� 9QjR   \V�D )      NCQ� ;Y ��� �! i!X � 	���(      �� 9J'"r� � ��! �

s.u.s@��j .  

)& ( N!V� 9QjR 9Qj �s.u.s9�$h� wÃ+"!� �-AG �.  

)6 ( @��jN!V� R i!�� � 9Sqjs.u.s.  

)V (N!V� 9Qj R��;�� ¤:! �u� � BCD ;lg ;8�j ���[ ���� �s.u.s.  

)J[( N!V� 9Qj R 9Sqj i!�� �s.u.s.  

  

�� 
����� ��	��  

)�U,�( 
o

A001.0)( ,004.0 ,532.1 xx.  
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)�U,U(     �����!� ¯�'W ���� 180
o    	qg io!� ���� ��-�!�G �      ¨�J-j�� �J 0�� 

7C�!  

  

���� ��	���� �  

)��,�( )� (  ?)& ( ��@� ;-� 0�'"R� ��S1)6 (? 9'"r� �.  
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����� :��	
��� �
�
�� ��k

)��,�( χ2 = 42.65   �@J:R� V�@JSj � \X��� �:L � N�n ��@� \;-� ���j «!� �

�c� 9� ���j ? `�"!�G� N�$��" �G��	!� 0) �� ¢�	"$�Gs.u.sNa:ag .(! 

)��,U( )� (  �E�"A2�) & ( E�"A ;Y� 2) 6 (E�"A� 2 )V (  E�"AJ ;Y� 2 

)J[ ( �E�"A4. 

)��,�(    �G��� �+8)    \V��
� NKG�	!� E��Aj \@R�� 9�(    ����< �+8� �)9� �����!�  

12 �	�h� 5 �s�[ 9� ���j �� �)180
o –s�[ ( ���j �� �180

o���� . 

)��,�( 	��� @�@a"G ��G��� N"� NCQ"A ����< ^Aj ���[ ���� ) @��� 41� �-AG15 

=(3×7)-6       V@S! N:C��V NL+c >���V V@D 7 >��X (  9� ��! � J!�  15    ���� �� 7l-�� 

��:S:-c �¿ ��@Po"A!  

  

�� ����� ��	��  

)��,�() � (  �"·C(1)         � �·����W �D � @R M5 9L�N(3)    ]7oJ!� HSG 	���  �  �J

       Å @L �j��!� �j�[ �� 9'"r�'P:q:�.j�   �K� )     �"oJ"!� 7C�JD ¦ �� (

  1��� �� 7l-���� N(1)   � C(3)  ̀ ��"!� BCD  .    �:L °a$ �5Uij    §	q!� 	P~j @L 

  ��R�O� 	��� 9�oG         �P.a$ �"� �� \�X 9� 0�R N:����� N�@�PC! 7l-���  .

  @L�           ;Y N:1�	"�!5 N$��� NQCn� ��"A 3 N:1�	"�!2� N$���!� §	$ ��� 	P~

N��'� .      �aQ�� �� 7l-�� ��X�'�!� +�f�o"�?       	J��� ��J�� �J'P�� 

��R�O� .    E� �� �! ���� �P�     9C� @��� @L �^�Q ;Y     ����V �+�b �180
o 

     0+� 	m ��� 0�RC(6)  �C(2)    NKG�	!� z."�� C(4)-C(5) .   �JCK"j @L

         @R� �NQCn� N�@�[ M5 >�~q} �:-Kj 9CT� N��²   >�~q} �[ >?�'"R?�

N�@�%� ¤q1 �"QCn� >�1��
 ���� �:� N¿�o"N:C��@!� .  
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)& (   �� �@-�C(9)  �" ���j      Æ�S:� E�!� �9CT�G \	8) 0�qY2� ��:� (  9JCx�

    \@:R� \�X ^O� 0�R 7�:���V .       9�$h� zg�!� �[ ��[ ���� ? �u�

      � �SL� �+�b ���� 6X�² ��� 9CxC!  ����:"���     ���� @L \��C! 	��� 

��'*+ .          �:L NK���G �?�� E��	�!� � ���� ���A!� 6X�'�!� �:Qj 7�!

Uij     	Ko1 �� 4! C(9)        �C�@JG �SJO� 7KSj 7�! ]C(9A) � C(9B)[ .

             �J"C� �-�j �� �� «!� ��P� N:�@�%� Ng�� ���[ \@:q >�~qa"!� ���j

 �"$�A
�C – OBCD �qa"!� �� 7��:L 0�c M5 �":$	K!�  C(9A) – O(9) 

 �C(9B) – O(9) 7�! j�"���A" �1��. �Q�j �� �Q$ 9'"r� � ���� @L 

 <2� >�	"���G    >�~q} �:-Kj ¨	oG �N:G�	j��:1h� NR�    N�J��� NJKG��  

rigid-bond  s�[ M5  .          ^JL�� �� ¢	J"qj �� N�D ��a:ag ¤:!C(9A) 

�C(9B)          ��aQ� ���� �� @G? 0�lb5 	"���G ��� E��A"!�G N!�lo ���j  :

               �� �J:R �@JR�� 	"���JG M5 �Q$ N��R 3 ���1 9C� �1�� ^

   �� @G? �SL�
� >?�lb5  M5 ^'�  \@R�!� .       �J 9J� °a$ �"� �@�D

         P�� V@� �� \V�S!� 3 ��m 9��!�G ���A!�� 7�:���@!� 9CT�'   ��J�� �

@*�A!�.  

)6 (              NJ�	G� ���j \��CG 3 ^Q� ]E��� �� �! ��[ >?�'"R� \@D @��j  «J!��

            s��?� ¤q1 3 >�:ZC:C[h� N!�K"�� �#$ �	��� �� 9:Q8 	.�D BCD E�"}

 � ��m   a."! NZ:"�� �@F ��:     �*+ ;Y {�."� )    ���a:ag ��[ �� �!

  ZC:C[h� �~S �#$�:     9�o!� ¤q�G �@-j �:�	"!� 3 > .(   �[ 	�� 0�'"R�

    ��'~"� ;Y ���� ]E��� ��         �+�Jp ��[ ����� N:�-b 0+� ��[�o �� 

   �Q$ @R�� 9C¹ ��:!�R .          �JK� NJ:Y�	q!� \	�!� ���j �� ����� ��'
� �

"���     �:ag ;Y 98�'"! ]E��� ¢	S"! NZ: .   >�:ZC:C[h� �@-j NQ:Qn� 3 
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����� :��	
��� �
�
�� ��ª

P:-bN   {	Q!�G )NaKCq (@G  �?    N!�K"A ���� �)N!��K"(   E�!� �::'"!� �

       � BKS
� @Po
� � 4C'D �S.!� � ����   ��[ V�S�5     ��Jc 0�J} M

�Cg�  3 `�� �CgHCN.  

)V(        7C� � BCD ����S!� E�"F @L )� (   w�~1 ��       ��J�:- ��J�� \��!� �:L	j)& (

 !�'"R?� ��"AN: N@x"A
�) 6 (   >��X ���jH      NJ�:[ BJCD N��	 

 \;lg >�	� ̂    f�.1� ��KL� NQCK )V (  N:�-Jb � ]�� 9�o!� 	P~�

   �G��� 3 9��@!� ����@:%� .       M5 ;oj >�':L	j z:�j �� ��m >���!�

   Ç��j «!� 98�'"!�G NK-j	
�   >�A+j � ̂ J    ]�J     >�J������ V��J�2�

N���S!�)  9�O9i (  NC��@!� >��:���@:%� M5� .    ���:R E��	�!� � ����

 @:!�"! N@x"A
� 98�'"!� >�:C'D f	S1 ��O9i � O9� ...È�.  

)J[ ( �G��	!� ^O    E�"} «!� Cd1      �G��	JG ND�-" ��?�� Cd2  �Cd3   � cd4 .

 \�X 9�! NK-j	
� >���C! �:j	"!� ¤q1 w@x"��Cd)  9�Cd – O/S/S/Cl �

 \�X ^S9L� �:L	"G �?��  . 9� �G��	C! 7l-��Cd4 – Cd1  M5 �JCQ"j �� 

Cd1 – Cd4 . �G��	! ��mCd – Cd 5� ��    @J�D �� NJ��@-!� @�D ^'Z"j

       N��P�!� @�D |	"L� �1� �NC��c ���j �:R �N��P�!� .    ���J�D ��G�CK ����

�     +g��!�� 9��@!� ��	
� f	S� �u� 0�@>)   ¢�	"$�GÅ(   �N@x"AJ 

NG�CK ���j .Na:ag NQ�	KG �':!� B.L� V�'S!� �~1.  

)�(              f�	J� <�J	!� HSG  ^O� �NC�:[ \V�D5 9'oj f�� >�;l"!� �~S

           ;Y f�	R �NL�1� 	��� ^O� �E�CD �� 7Cq� �� �NC*�ASCII  NJ!�<5 � 

      >�'C� |�"q ^O�� �@*�< °1^ CIF   9.q °1 ^  .  :1�8 N:R�1 � �N

 4jV��< ��m 9.q!� �� ��[ ��aO� ¤:!) �1 M5 1.5(.  
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�� ������ ��	��  

)�d,�( �- CIF 7Cgh� �G>�Q:CSj ^ �9q�.   
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 ���� �u� �\@:� N��@G s�[ �A:!CIF {�.1 �A� 3 @D� (word processor) 

4Cq�� 	~1� �N�:� NQ�	KG 4CQ1 Å�.  

  

  

  

  

o b e i k a n d l . c o m



����� :��	
��� �
�
�� ��U

  

o b e i k a n d l . c o m



����� :��	
��� �
�
�� ���

  

o b e i k a n d l . c o m



����� :��	
��� �
�
�� ���

  
  

o b e i k a n d l . c o m



����� :��	
��� �
�
�� ��d

  o b e i k a n d l . c o m



��� 

 

��
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���� :��� 	 
����  


 


  

��� �	
�	��  

intensity statistic 

�
����� �	���  random errors,  

 �	����
����  systemic errors,  

 �	��  extinction  

����� R  R- indices,  

 ����!"#
�  Miller indices  

 $����%�	&� �  indices 

 '	()*�  correlation 

*�+	�,�� '	()  absorption correlation 

 �-�.� ��/�  shift- limiting 

�-*0 ��/�  atomic displacement 
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�������	 
�� ��1

2�-!3 4�5/�  Friedel pairs 

��6�� 7	�8,9�  polarization of light 

:5!)5!;�9 <	&��  synchrotron radiation 

�*�#(�� ��	��  recrystallization 

 =	>,��  convolution 

�?@A� �-B!��  stereoscopy 

 CD�E� 2����  wavelength  

 +	�,��  absorption 

 �-!&� F
G	H�  capillary tubes 

*	I *	�,H�  vapour diffusion,  

 J�	9 *	�,H�  liquid diffusion  

 K�9 LM *	�,H�)F-!M(  anomalous dispersion,  

C�	@>
@3 *	�,H�  mosaic spread 

,� *	�,H�J�	>  reactant diffusion,  

=�!P� K*	
&� )C9	
Q(  standard deviation,  

 !���-* R	;&H�  Renninger reflection  

�	9	;&H�  reflections  

+��S� T-	(,�) C	�,� U(  anisotropic 

�	V>W,��  restraints 
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�
 


 !,��*	G  parameter 

��/� ��!,��*	G  displacement parameters 

:�9!)	G YZ  Patterson search 

K!�G  optical 

��
5 �*�#G  single crystal  


 


�
 


T-	()  variance 

��%[ $"JD *�#()  gel crystallization 

�-�.  determination  

 J
#.)\-!>)(  resolution 

T-	(,�� J
#.  analysis of variance 

C]-^D _	
G `
�a  molecular graphics,  

b
D5*�
[ `G�!)  hydrogen bonding 

C�	@)  sublimation 

c,�)  scattering 

:�@��d c,�)  Thomson scattering 

J;�) $J
;�)  configuration 

 :�9!)	G �

�)  Patterson synthesis,  
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�������	 
�� �ef

!-*�3 �

�)  Fourier synthesis 

7	�8,9� �	W
W�) �^,H*��  Lorentz- polarization corrections 

�	�� $2B	6)  damping 

�*�#(�� �](&)  crystal packing 

)���C]-^D gG J  intermolecular interaction  

 Jh	i �70	j   pseudo- symmetry 

 Jh	i)!k	�) (9	8�C  metric symmetry,  

 2	8,H� Jh	i  translation symmetry 

^j!i  centring 

�
;(� ^j!i  lattice centring 

l
��)  bisecting  

m
8�)  refinement 

F
j!,�� m
8�)  structure refinement  

n!o��� �	&G!E	G m
8�)  least- squares refinement 

 ����)  twinning  

C�	�� p-/�)  statistical distribution  

:�@-�G p-/�)  Poisson distribution 

 p-/�):	
95	D  Gaussian distribution 


(d p-/�)C&  normal distribution  
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�
 


	
3�!D��	,@-!;#� �
�5� 25��D  international tables for crystallography 

 C]-^D  molecular 

F#r s@D –t9	D   rigid body  

 /	�Dc
#@j�9   Soxhlet apparatus 

 \
3�,�� 5� s�%,�� ���D  goodness of fit 

  

�
 


+	�,�� �3	  absorption edge  

��#� �9	@  air- sensitive 

F
j!) J  structure solution 

 ��
E	Gu�W@  powder diffraction 

  

�
 


:�9!)	G ��-!�  Patterson map 

!j*	[ '���  Harker lines  

v	V,H� v�� $J#�  disorder  

F
j!) ��5 �
#�  unit cell  
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�
 


 :	8)�5 �Q�  precision and accuracy 

  

�
 


	
8� R�*	-�5/ R  goniometer head  

�(�	9 �	
�	G*  negative quartets,  

:�@#-5 s9*  Wilson plot 

  

�
 


 ���,�� �-5�/)J,3(  torsion angle 

cx?y@�� �-5�/  azimuthal angle 

�
D5/ �-5�/  dihedral angle,  

�!�/  group 

�
M�!3 �!�/  space group 

K5U �!�/  Laue group 

�
�8H �!�/  point group 

  

�
 


�&9  amplitude   
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�
 


�
;(�  lattice 

 {
3�!G �
;(�  Bravais lattice  

 �
;(��9�;&�  reciprocal lattice  

b
9 <	&�  X-ray 

|�  uncertainty 

C9	
Q |�  uncertainty standard 

  

�
 


b
@�� <	&�#� �
3�!M�)�3 *�r  X-ray photographs 

R	} �o
r  tangent formula 

  

�
 


�*�#(�� `(~  crystal mounting  

�H�!DU 7*��~  Lagrange's mulipliers 

  

�
 


�!�	(� u!d  direct methods  

*�d  phase  
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�
 


pQ�� 2	o�� J�	�  site occupancy factor 

2	o��� J�	�  occupancy factor 

F
j!) J�	�  structure factor 

c,�) J�	�  scattering factor 

�	�F9!� J ) F-�� ��~(  precipitant 

��-	(,� �	Q%�  inequality relation ships 

J�����R  R-factors 

  

�
 


 �	G	
M�
����   systematic absences 

  

�
 


�
H5!,;�� �3	�j u!3  difference electron density 

�
 


�	H	
G ���	Q  database 

 ��!G :�H	Q  Bragg's law  

2�-!3 :�H	Q  Friedel law 

�
(�Q  polarity 

K!�Q���	Q   block- diagonal 
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C9	
Q  standard 

��
Q  constraints 

  

�
 


 �	@� l�	j  area detector  

�*�#(�� �3	�j  density of crystals 

�
H5!,;�� �3	�j  electron density 

��Lj  chiral 

�
��Lj  chirality 

  


מ 


>#�,��	) (9�*
�	(  residuals  

,��]3	;  equivalent 

`9�,�  mean  

C�
#
#[� ��/� s@�  displacement ellipsoid  

 s@� �Q	H p�Q)C�
#
#[�(  ellipsoid 

!��  microscope 

�	-�,�  contents  

����� ��*	j �:	?,G�[   Karle – Hauptman determinants  

F-��  solvent  
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�������	 
�� �ee

��r!�  observed 

n!or �	&G!� �	-�,@�  least- squares planes 

�
;(� �	-�,@�  lattice planes  

m@�  scan 

b
@�� <	&��� *�	��  X-ray sources 

s
?�) �3�>��  design matrix 

�
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