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-�  %4� n4�X8� �:�� .g2�G ��K ����    %��;,���82#� g4 �� 

   ��r, ��-���! .  =�.,9� g��� %�#��82#�GNi+      %3\	� "3: F00

       �g2�, [�e#94 J9	<� [�9T ": �8�# �: l�LG+Cu    %\	� ": ]

              "3: ��34� ���9: � �� [�e#94 J9	<� [�9T ": �8�# �: l�L

  %\	�]0     J93	<� "3: -3,!��� ��93Xf ": "6 �%4� �8�# �: l�L 

 "��q�-�!9�.

      ���33Y %3�#��82#� J933	<� �! �3�M n3�Q�Q "33: !��382#� "34

-�!��L:
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��� �� �� !�"���� # �$ %&�' (��)   
# *+��,-.&/��(0��� Ni+ .&/ �120��� (�3& Ni/Cu 4&�5 � ... �� ����� 	
�� ��

 78;.��� ��K�%��;,���8y#� R�� ": -,�r, "�t P�A84! .

_ ��6 !��82#�)WE(F  <eT �� "6�        �3: �3� �X� M� -1:�� 

     -<���Q ��8D�4 �: �9	:)F00(G         "3�t �3�M ��9Xf ": "6 %4� 

  P!�e84�-��t � !9�� =�� `M�,  P�,�r, �>-�  !93�) �3Q�6 .(

   P���! �C4 � ":     ��1� ": -	2� =�cmF      �3�M c�K �� �! 

�t��$: �� �8�+Y �. P�,��9� n+@ ��9, �: �> =-�!9�.

_"�9,�j !��82#� )SE(]%4� 7�Q5� =�9Q �� "6 )�,>.(

_^��� !��82#� )RE(u%4� g�9#�6 !��82#� �9, M�.

[�84�9�+33,�8�z�r33@ �33�� ��338#� _�  J�33X���Q "334 �33: ��33��

               � "3�9,�j !��382#� ���36 !��382#� ": n�Q�Q ": "6 %4� -���D

    g�8� ^��� !��82#�-� !93� .         ��36 73�� �! "36 -Q�84�9�+3,�8�

        ��.e3T� P���.: %6�� %D�4 %��L ���Y P!�e84� !�9�)  J�3�

G0|]( J�8X6 �Q9����6 d49Q "6 %4�-�!!�L.

       ": n4�X� ��8#� �� J��f� �:WE)    ": %;+,RE(  �-�  ��93Q

      =�� �� �\, !�9� 	�WE   !�! p934�  .        g3��9f "3: ��38#� 73��

          � �3�! �-,�r, "�t %O�+� �J9	<� %\	� "	�� M� =!�18� ...

           -�����3���82#� g�+,�8� M� ���: [�9T �� �! -#� !��! -A8+:

-eX� �\, !�9� 	����: �Q.

%��;,���82#� =��: ��6 7�� �!"�t �X@��.�  `M�3, =Ni/ Cu �

____________________________________________
�. Working Electrode

'. (100)-texture polycrystalline
�. Secondry Electrode
(. Reference Electrode .

�. Potentiostat

      ��8#� J��f� ����� �Q9����6 ��8:�}z/F_          �3: �U�3X8� "36 �� %3#� 

      [�84�9�+,�8� ": %4� g2�, p94�-�     -32��82#� ����� � ��!

�  �PM��,�  =��L-�         J��A8,� ���M n+O �: �> M� � �X6-�  �Q !��L

  : -2��82#� ��:  " ��> %4! .       =���3$� ": -2��82#� ��: "6 -��AX�

  �Y w;K "6      "�t �� %��*q �: �U�X8� =!���� �9,= g2�, )   {5�3�

nm�( %4�        ": ��8#� ���mQ ����� �Q9����6 ���4�G/0_    �� %3#� 

          [�84�9�+3,�8� ": %4� �� p94� �: �U�X8� "6 -3� �3�! .  73��

  g�f-�       �t %��*q �Q !9� ���2Q [�1�! ": �,�9Q�     "3: "83��;,� 

        34�: �3\, !�93� -��3., �O3� .     n3�Q�Q 7��3: -3� 3Q3   �3X@ ��9

"�t���.   {�:��X8� "6 `M�, =   M� "�t��  =Ni � Cu)   �3A�! 	� �� ��

 ,9� "6�.      ���: "8��! !9�� J9	<� �! �> = (   �%4� "8��� g�2rQ

 !�! ��� . "�t !��1Q��   �� -�             "3�t ��3� �3X@ �3Q �3X@ M� ��93Q

!�! ���33�� .  %33��;,���82#� "33: ^33��� �8r33�: [�33f5K� =��33:

  "�t �X@ =�.�	��  #�$� ": �           �oM��93� �38#�� d349Q "3o =���3� 

 %4� P�� "8�9,]F0[�����, "1���� .

       -,�r3, "3�t l�AX� �!Ni          �! �����3�� M�3L 3�, =���3$� 

     ��#9Q ��6 !��82#� c��K�-�           "36 %34� -3X1� 7��3: 7�� � !9�

          , g32�, p934� c�3T P�� "#!�;� ��: l��Q -3� !93� .  7���:�3X:

  �t -1Y�� %��*q�  �, "8��;,�         =�X;� �: "6 �> -�4� ���$� M� g2

    ";4�<� =!���� �9,�Y-�   �8�6 !9�-����: .!M�:�     "3: "6 ����� 

        3�t -�4� %��*q ": -1Y�� %��*q %;+, [�9T�   p934� 

    S��1Q P�� P!�!-�    �X+�9, -	;Y =����6 �! �!9��    �! "6 "#�$� 

      P�� l�
,� -��������82#� ":�r� d����  %4�]FF[   �! -K   "3�t 

,�r,   g2�, -|0%   %4� P��!�L ";4�<� .  3
�8, �     d349Q ";34�<� 

PM��,�   "�t -1Y�� %��*q =��L �3�         �3�XyQ �3�o "3: �M�3, =

XRD P!�! ��q9Q �1: �*: �! "o -�Q !9��%4� P��!�L ���.

           %4� s6 ���+: %�#��82#� J9	<� �! �� %\	� "6 �
,> M�

         ������� M�L ���$� �%4� �X6 ���+: -,�r, "�t vX�> �   �3�#9Q 

     r@ g:�Y �Q�6 c��K� �! P�� � s    !M�3: � %4� -�9�   �! ��3��� 

       ": ��!, �� -,�r, "�t l�AX�F00%  8��*3q ��.   � -31Y�� =

"�t -�4��� �:��: �� =-���:X�.

  "�t -�4� %��*q��          "3�.Q P���� 7�� �! "6 �� � g2�, =

    n�Q�Q ": �,��z � F         "3�t -31Y�� %��*3q � �8�9,�3,  �3�   "3: 
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 ������� 	
�� �� ������ ������ ��<

�Q�Q  n] � F   �8�9,�, -����: .      p�q gT�O M� "�t g6 %��*q

"�t !��1Q��"�t �! �� %��*q �!  =�Ni /Cu:  " %4!-���>.

 �.Q =��:�  "�t �Q �� �3.  `M�3, =Ni   ��38#� =�.+3#�� �}z/F_

        -,�r3, "3�t �3: �U�3X8� %#�nmu          ��38#� �3� ��34 � g32�, 

    [�� =��: �eT]0    J��f� "�,�j -�!!�L .   �36 73��     [�31�! "3: �

  ���2Q-�         �\, !�9� -��., %��*q ": g2�, M� -6M�, "�t �Q !9�

!!�L "�.Q.

    �t��M �-,�r, "�t M� ��3�    �4� J9	<� �! �� 3����6 �3 �

 � x�	�   ��8#� �� J��f� �:     gO �> ": %;��-�    `M�, "�t � !9�

Ni �� Ni /Cu1CY �� =�� �: � -Y�: "r�� �@96 -��,�� . 7��

   ": g�f        PM��3,� l�AX� �! P�Q96 J��Q� M� =��L9	� �9\X�  =�3�L

  "�t -2��82#� %���$���    [�9T `M�, =-�!��L .    �93K 7�3��

  �j�"	Y=��        �32�� =�3�9Q�� R��3� �3$, �! "�t��M ": W9:�� 

�t�    c~O `M�,  -3� !!�3L .       �!�3o ��3� -�����3���8y#� R��

�	���.�t ��M M� ��! g��eQ ": !9D ^���] FG [P��>%4� .

C .$�
%�&  ��� �
�D
9 
�     �@�� B��� EFA �) <�
� �
� �
G��������� � ��� '$H�� *�
,- ����
���
� �

        "3�t �Q ��� "8eL {5;Y "6 �9K ������ �3.    `M�3, =Ni    �3X@ � 

"�t���. `M�, =Ni /Cu�t��M =�� �: � �9	: �: Cu  ��8D�34 �: 

  -<���Q)F00 (  P�� P!�! ����,� .   �93\X� "3:  31#�C� �   ��8D�34 

"�t��   7�� � `M�, =  "�t ��> "6��  =       ��8D�34 M� P�3� P!�! ���

��M�t�    =���� !9D -�       "3�t �Q M� =!��1Q ���D �� �XX6�� �3. =

 `M�,Ni  "3�t �3X@ � �� �3. =Ni /Cu     R��3� �3�XyQ �3�6 "3: 

     �X8��L ���Y "1#�C� !�9� �2�� =��9Q�� .   7�� ": "�9Q �: g;Y "6

   l�
,� M�XRD"�t���.   �t��M M� `M�, =�      P�3� ��3� !93D   ��3,�

�	6�"	Y=��      �$, �! P�� P���r� XRD     ��8D�4 M� -��, {���T 

 "�t =�9	: �3�    %34� `M�3, = . g23�)]_ S3#�( �3$,  R��3�

     "�t �Q �� M� �2�� =��9Q��  =�  `M�,Ni     ��r3, ��  -3� �3�!.

  "\O5�-�  -#�O �! !9�  "6�	Y) FFF (    ��eQ�� �%4� P�Q96 3	Y�

)G00 (         -3<���Q ��8D�34 �A,��: � �X	: {5��6)F00 ( "3�t �3� =

  `M�,Ni %4�  .  "6 "
�8, 7��"      -��3.�	�� ���� n4�X� d���� �!

      ��� %��;,���82#� R�� ": "6-�     ��M -<���Q ��8D�4 M� �X:��

�t�    =���� !9D -�      !��38�� ��3�� "6 !��8�� �� �! gY�t � �XX6

     <eT �: !9�f � �9	: ���� �t    "�t �%4� `M�, "��    [�93T ": 

   ��� -84��>�:-��XX6"     %34� "3\O5� g3:�Y .     P�3� P!�! ��r3,

       -8O %��;,���82#� R�� ": "6 %4�-�   "3�t ��93Q �3�   `M�3, =

   !�! ��� �9	: �Q]F0[ .1#�C��    -,��82#� �924��2�� )TEM (

33���6 M�333;Y =�3 -	������33y�� � S33#r33, �3 ��-33� "336 �33�!

�t3"��  =Ni   � Cu 6  "849�� {5��,�3    �t `�8r� g�� -#� �3" �3�

    %334� g233� -�933� -��33L � %+33�, c�33T {5��336]F][.

g233�)]_p  (  �33X@ �33� M� �332�� =�33�9Q�� R��33� �33$,

"�t���. `M�, =Ni/Cu ��r, �� -���! . �: P�5f "3	Y -��3�  "36 

 g2� �!)]_S#�  (%4� P�� ���U   -3<���Q ��8D�34 �A,��: �

  "�t �X@ 7�����. = �! �%4� `M�,�	YP��9���  c��K� �! =� �3	Y

)G00 (  P���r�-�!!�L .  7��"	Y��      "3�t�X@ ��8D�34 �A,�3�:  =�

  =�.�	��Ni/Cu %4�  . PM��,� �:  =��L%�1q� "���M   =�Y "3	 =�3�

P��9���  =�-���9Qt    %��*3q  -31Y��     "3�t�! M� �3��� �� �3. =

Ni/Cu�� C:�� M� P!�e84� �:���M !�6 ";4�<� ]FG[.

)'�(,)sin/(sin 11 −+ −= iit θθλ

"C:�� 7�� �! "o1−iθ� 1+iθ   n3�Q�Q "3:  %�13q� "3	Y =�3�

P��9���=�      M� �1: � g;Y  �3	Y  -	3T� )��'(�λ     N93� J93K 

 �2�� =��9Q��-����: .   "36 "3V,> �: ���8,   p�3q g3T�O M� 

   !M�: �! -�4� %��*q�  3: �����  "  %34! -3�   =��LM�34 �3�>

!��! -:9D.

I. ������'������� *��
+� ����� ��	�
�� ��� ���� 
"1CY�t M� -	�C8+� =�3�  31:� "3: `M�, 3 !�mm(×F| #�3O �! -

63  <eT =�� "� r�� 3"�=  ��! ���Y  : !  3�$: M� � P����   ��3� "3�t 

-��3!9 .���>3�  ,M94 ��.@ 3 K -3 6 53 � "3  36 �3   M� l�� ,M934�.

 	T�� ":3�mm(  A�! M� 3 Y =�3   2� w:�C� �!��! ���3  gF  �t ": �3

 �Q� `M�,3  J�-�:��3� .  ��!�$� n�Q�Q 7��:a � d�s) g2�F (

   n�Q�Q ":F|�(�(  -3	��    �38� %34� .     %3:�j ��3���mAz_F

)        ̀ M�3, "3�t %��*3q "3: "8+: (      "3C$, �! 7�3:A � B   ���3Y�: 

-�9�         �! 7�3: g�+3,�8� c58D� � ! 3C$,�C   � D     �3� d349Q 

%#���2��  PM��,� ��+O �8�       3C:�� M� "<e3T %���$� � =��L�
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��= �� �� !�"���� # �$ %&�' (��)   
# *+��,-.&/��(0��� Ni+ .&/ �120��� (�3& Ni/Cu 4&�5 � ... �� ����� 	
�� ��

78�.S#� �� M� �y�� =��9Q�� R��� �$,  ("�t �Q�=`M�, Nip  ("�t �X@� =`M�,Ni/Cu.

 78:.%���$� [����mQ ��!9�, -2��82#���� �"�t �X@`M�, =�.��Ni/Cu":[�9T1:�Q-M�S#� (�yf%��*qp (%��*q�t�`M�, .

Rs=CV/I   ";4�<�-�!9� .     PM��3,� 73�� d���� �!    ���3$� =�3�L

   ��<�Q n��qC       J��3� ": "�9Q �: F    =��+3� )���(/� ( 3: "

  %4!-���>     PM��,� =�CD �O �! "6        �! �3O�� =��+3� �=�3�L

 "8��L �\,-�!9�.

%���$�  g3T�O M� P�3�� -2��82#� p�3qRs  %��*3q �!

�t� ̀ M�, )ρ=Rst( :   "  %4! -3� �3�> .     PM��3,� �93\X� "3:  =�3�L

 ��� %���$�� "�t �� 31#�C� � `M�, =�   %��*3q �3: �> -A8+3: 

"�t��   �t =�4 �! ��  =�.8��*3q �: `M�,  -31Y��    �3�� ��+32� 

P�33� P!�!�33,�. =�334A  "33�t �33X@ g��33� ���33. `M�33, =

)](/)([ nmCunmNiN 13 "336 %334�N�! !��331Q "33�t ���33.=

Ni /Cu%4�  ."�t g6 %��*q �3�=  `M�3,N(nm)( -3� �3��:

)   3�t -�34� %��*3q�   n33�Q�Q "3: �3� � g332�, nm� � nm�

%4�(.  =�4B M�  "�t �Q���.   `M�, =Ni     "6 %4� P�� g�2rQ 

  "�t �X@ %��*q �: �.,> %��*q���.  =�34 `M�3, =  �3:��: J��

%4� .       32f n+O �: P��� %���$� [����mQ ��!9�,  %��*3q �

"�t�� =�4 `M�, =A) "�t �X@���. `M�, =Ni /Cu ( �! g23�

(       %��*3q �32f n+3O �3: P��� %���$� [����mQ ��!9�, � 

 "�t =��:��    =�4 `M�, =B)  "�t �Q���. ̀ M�, =Ni (  �!g2�

�   %4� P�� s4�  . ��3��        =�.	23� M� "36 �93K(  � �  P���r3� 

-�       $8+� dD �� !��8�� �! -:�
Q W�$, �!9� P�� ^�M9Q s� �3,� .

   C:�� ": "�9Q �:�) G0 (         ��93� �3: n34�X8� d3D 7�� n�� !�M>

"�t �! �.,��82#� 7�A,����� `M�, =�%4.

7���       �Y �9<� �: dD 7�� ^K�$Q g<� �9K�    ���: M� "6 s

�33  : -X<X� -:�  "  %4!-�  $� ��3�>3 3���3    �3�� -32��82#� %�

)K��()M(
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 ������� 	
�� �� ������ ������ ��>

 78�. %���$� [����mQ ��!9�,2#�-2��8��� �"�t �Q��`M�, =�.NiM� -1:�Q [�9T ": S#�  (%��*q �yfp ( %��*q�t�`M�, .

9+��;.� 7�A,��� !�M> ��9� 2��82#� %���$�-��� �"�6 =�.

 ?��.&/@���!�"���� # �$ %&�')nm(λ,&��,-  A�+�B��&+ .CD �#�� �E( ρB(Ωcm)

�Q�t"=�Ni]|�_��×�/�

X@�"�t=�Ni/Cuu0�_��×'/�

!��� "�6     ��r, �� =�-���! .  PM��3,� ���8,   �93� =�3�L  � !�M>

 �33�� -332��82#� %33���$� � 7�A,�33���"33�6  �! =�J��33�G

%4� P�� "T5D.

          =�3:��Q ��9D �! -�.� �$, ���82#� 7�A,��� !�M> ��9�

"�6 !�9�M� sf� =	� [�����"�t �� =� �e�� `M�, =��-��X6.

      "�t M� {�:��X8� "6 "�t�X@ =�.�	�� �!��     �3�� � -+�K�Xm� =

  P�3� g�2r3Q -+�K�Xm�   �3X,�� �3,�Ni/Cu � Fe /Cr� Co /Cu�

     � M� -4�+O ^:�Q -2��82#� %���$��   %34� -+�K�Xm� ��� .  73��

     9K�3Xm� "3: "6 �j� %3���$�F         g3:�Y -Q�93T �! �%34� l9349�

         3�t %��*3q "36 %4�  �: � "\O5��  3��     "36 -+3�K�Xm� �

"�t��       ��� s� M� �� -+�K�Xm� =-�      7�A,�3�� !�M> ��9� M� �X6

         �3��: �82@936 !�93� 73�� �! ���82#�]Fu[ . 9K�3Xm�  %3���$�

 �:G         t�3: 7��4� �: =�.,��82#� -L�X6��� ���� 7�: c58D� M�

   -��, 7���� 7��4� �-�!9�] Fz�F|[ .9K�Xm�    �3: %���$�

�!33�t �! -Q�933T"�33�33�t�X@ `M�33, =� P���r33� -+33�K�Xm� 

____________________________________________
�. Magnetoresistance

'. Giant Magnetoresistance

-�   "�t �K�Xm� "6 !9���     s� �: -+�K�Xm� -#�98� =P�� %e�

     ¡� -38Y� d���� 7�� )�X��: -3�    "3�t %��*3q "36 �3�! �3� =

M��33,� "33: -+33�K�Xm� �33�� � -+33�K�Xm�� !�M> ��933� M� -��336 

7�� �! ���82#� 7�A,������: �82@96 !�9� ",9L.

     38, P���3� 7�� �!  PM��3,� ������L �3.      7�A,�3�� !�M> ��93� =

   "�t �Q �! ���82#����.    `M�3, =Ni     "3�t �3X@ � �� �3.   `M�3, =

Ni/Cu   ��!�$� n�Q�Q ": ]|  �u0   : �� �8�9,�,   "  %4!-�  "6 ��!

     "�t �X@ =��: "6 =��!�$� �:���.   `M�, =Co/Cu :   "   P�3�> %4!

!��! -:9D {�8;+, =��LM�4 � %4� "+��$� g:�Y �%4�] F}[.

N. � �O/D�?�������
"�t �Q���.= `M�, Ni"�t �X@� ���.= `M�, Ni /Cu  R�� "3: 

       � g32�, =�3.,9� g��3� %�#��82#� J9	<� �� M� %��;,���82#�

P�� P!�! ��� ���,� .

      M� �2�� =��9Q�� R��� �$,"�t��    ��r, `M�, =-�  �3�!

  "6"�t��  8D�4 M� 3  �t��M -<���Q ���  � !9D    =��3� -3�   � �3XX6

"	Y=�� P��9���      "�t�X@ -:��XQ ��8D�4 �A,��: "6 =�   %4� =��!
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��F �� �� !�"���� # �$ %&�' (��)   
# *+��,-.&/��(0��� Ni+ .&/ �120��� (�3& Ni/Cu 4&�5 � ... �� ����� 	
�� ��

 �$,XRD"�t�� =Ni /Cu%4� !9.r� {5��6 .

PM��,�    -2��82#� %���$� =��L"�t��   	�4� ": `M�, =� ���> �

 94 ��.@M       1CY �� �: -CD [�9T ": "6 -,�     g23� g�C8+3� 

�t�    J��3Q� `M�,  -3�  �L [�93T �3X:�� %3� .   [��3��mQ ��!93�,

  ��� -2��82#� %���$��"�t��       %��*3q �2f n+O �: `M�, =

        ���Y %4�� dD �� !��8�� �! �.,>-� !�3�L . %3���$�   -32��82#� 

���� !�� � "�6        "�t �Q =��: 7�A,��� !�M> ��9� � =����.=  `M�, 

Ni"�t �X@ � ���.= `M�, Ni /CuPM��,� �� =��L.

'�����H
+���� =�Y> M��oQ��9� �8#�� �9)Prof. W Schwarzacher(  "3: 

 7�� �K�D         PM��3,� M� =!��31Q !�! PM�3�� "3o���L �3.   %3���$� =

           J98+3��: P�Ar3,�! �3��� P��L �! ���Ar���M> �! -y��8y#�

 ��3333���: �9+3333���� =�3333Y> M� � !93333� l�3333
,� -3333y�� 

)Prof. B J Hickey.( Ar3,�! ���� P��L M�3    �K�3D "3: M�3�# P�

�4 [��O�;�P�,M �yrQ R�-�9�!.
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