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Analysis of Thermal Effects of Rod Laser under Gaussian and Super Gaussian Pumping  
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Abstract  
In this paper, thermal effects of Gaussian and super Gaussian pumping on the rod laser are analytically investigated. The crystal is 
considered as a rod, with isotropic thermomechanical characterizations, which is end-pumped. The intensity distribution of pumping 
spot is considered in three-types including Gaussian, second order and third order of super-Gaussian, and effects of any type on the 
thermal distribution and thermal lensing are compared with each other. First, the heat generations due to emission in the crystal are 
calculated for Gaussian and super Gaussian pumping and then the equation of temperature distribution is analytically solved and a 
closed form solution for temperature distribution of the rod laser is obtained. The analytical results are compared with the results of 
finite element method. Thereupon, the temperature distributions and the values of thermal lens for various pumping powers are 
calculated. The results show that calculated maximum temperature for Gaussian case is lower than for supper-Gaussian cases. In 
addition, the distances between focal point and the input pumping plane obtained for super-Gaussian pumping are larger than those 
calculated for Gaussian pumping. 
Keywords: Analytical response, Continuous pumping, Super Gaussian pumping, thermal lensing. 

 
 

1 - ���>�   

 -� �7 �� ��� ����	  -� �� �� ��
�@ =��I7� �@�I��_�E `�� 

 � aK0��7 C��D  ;E�+ =<��� =�@��	��� �U���� �P�	9 ��� .

 �@�I���7 -� C��D ���� � b��= _�E cK0� `��� 
+�  �P�� �7 ��

 =d	�� ���6� �7��B��<� 1�I�� �_�E  `�� aK0� 1��� ��B
?� .� �� 

e �7 1�	
����� ����T 	� � _�6
��� ��7� �7 ��� 	0�  ��B fQ��� C��D

� C��D� ,��	� .�T ���� ���= ��	��� �7 �� 
+���� 
+� I�	U
� 

]1[j�	E <� �@�I�� 
���S  =���� .  �7 =d	�� 1��U� ����1�	
��� �@ =

 =d	�� <�	� 1�	7 e�7 � f�� -�1� �@ 
�@  1�	
��� _�6
�� �7 	Q��  ��

 e�7 =�@���� �7 T���� =�@���� <��� ��	, 1�	
��� ._�6
�� ��
 �  <� k�

 1�	� `��9 �7 � �
B�� ��	? �������� 
�S?�� �� ���P ���� �� =	�,��	?

�� R6
�� ������ ���� �7 �=d	��  �P�	9 =d	�� .��	,�7 C��D  � ��	,

� aK0� k���	  �7 (1��� ) ����� ��<  <� =���< ���S� �7 �l���X .��	,

f�� �@  -� k���	  -� 
9����� ��� ��	� -� �	�(� M�Q�� ����	  T��

�� ����� <�   .��	,�U3� ���I �6� C���N WGK��
  F7�� m+�� ���

�,�R �6���� � ��I7� .
+���I �- 
�� 	/��+����� ��7 �� 
+���� �7��� 

<���= �B ��B��= ���U@ F7�� <� �, ���R �� ���  FK7 �+ <� �

d	�� �U0X= P��9� �� ����� �>��m �6��
 �����  �
�� n������� �� 

�0��	,� �0��R ��B  
+�]2[ .�0� 	D��N�R ���@� �- ���P ��37� <� 

f
��+ �@ F�� =�	7= 	>��- f�� �@<�	� �7 �@= >� �	�e�7�m  _�S 

���I= �N�UQ� R��B �= f�� <� _����� ��@  � �@�1� �@=  ���B �� ��P��


�� ���� ����  ���N �<�P� ���� ��7 1�+�����  ���� R9�� �� �� ��	�

� _�S ��I �� ��@��0� ��R ��B ���.  =���� �I�� ��	�_�E `��  � aK0�

�7 C��D -� b�� �� �B�7  =d	�� ���6� �7 �P�� �7 ����B��<� �

_�E `��  aK0� ����� ��B ]3[ �7 _�S  ���� O�� �7 �P�� �7 �@�I�� .

 ;��� � =<�, ����P =�@�I�� �
+� �+�6�E ��7 =�� ���B =�@�I�� .

�� ����� �o	� ��� M��3@ ����� =<�,  =�	7 .����U� b�� <� 	�e�7 ����>�

�� ���G
+� =<�, �I�� <� I�� I�	? =� �I�� .��	, <� ��� T7	������

 ����	  �� �� 
+� I�	? b�� <� 	�e�7 =�@�I��'	7 ��� ���G
+� ���� =

�� ��	? ���S� 1��7 	
U� R��� �7 =<�, =�@�I�� .�	�,f�� �@  �5�� ��

 =�p  �7 <��� �fQ5Z�I7 	��7 ����6� �� =  ����P =�@�I���7 ��L�� 

 .����� �	7�	7 =d	�� ������<��T ��  =	
0�7 =d	�� �7 <��� �� �S���D ��

 =�@�I�� <� ���� ��P�
��5 ���P  ���G
+��� ��B T�� .���@�I ����= 

 1���e�7 � ��G�
 ��7 ��	���� �� q+��� T��<� ���B�7 � ���T ���@�I  ��

�<��� �@= 6>����6�� 
S�D�� BI��� ��L� �� ����= ��	
�, �	7��� �= 

�� .��B�7���@�I= 
��5 ���� ���P= O��
� 	��T � F7�� ;7���� ���B�7 

� �� ���T ����@�I E�W +��S� �@	
����� <�= P�	9�  	r���5 �����



 

 

170  

+�
	7

� 
���

	5
 �

�8�
� ��

�I ��
�3 �

= 
  F

��
 


>�
 ...

 

_�E � O��
� k��� s	� ����K�� k��� H	N �C��?  �7 ��	
�, `��

� 
+�� ���� .��@�I= 
��5 ��D �� ���P�; �BI� W3
K��  ;���)

�	7 F7��= ��L� �(1����� ��)�t� �@ + ��f
� �@= 1����  �(I�	?

+�f
� �@= �<���� ,�	= K0� ��a �	  ���@��= '	7 ���=  �

R�B @�� �	.7 ���� ���	7= � ��	?� ,���	 =�@�I�� <� .
��5 ���P 

�� 1��� Z��:M����u� =�@�I�� �71f�	
�� f�
�������3 :M����u� �2
 � 

C������:M����u�3  ��U� ���B�]4 -7[7 T�� 1��� �� . ��37 ��@��3

Z��:M����u� � _�6
�� 
�37�? R��� �7 =��	, =�@��37 <� ��� e�7

 =�@�I�� �� �	7���	�
��5 ���P  =��37 	�: �� =��37 ���P ���� <� .
+�

�� ���G
+� �I�� _�S  m�>� =�	7 
��5 =�@�I�� ���B  ���Px���UN  �7

 R�B���3 � � ����� �=�	7 � �
9�+ =�� ���BF�� ;7��� .  =�@�I��


��5  ;��� .��
�@ ����� � �
+��� �2�e � =���� C��D �� �7 ���P

 �� ��� =���� F�� ;��� � C�.P ���U� �� �� ��� ��2�e F��

�7 C��D �>GD � 	0
�� =�� �U���  
�G�� � 	UN _�E ���<�7 =���� ��

�� q+��� �P�	9 ��	� ���� ���E F�� =��7	��� �� � �B�7

 ��	? ���G
+����U�� =�@�I�� �� =���� =�@�I�� <� .��	�, I�� ���+�

�� =��(/�����/
+� �� ����B =�@ y�X � O���� ���+�=�@ FK� 

���G
+� �� ��	,]1[ .	L�<� 
��5 =�@�I�� =��� F����  �� �7 ���P

 ��	? F�� 
>� �4	N � ���E C��D�� ,���	 .]8 ,9[ F�� �� .

��� ��	� =�
+�� ���E� =<��� �P�	9 � =����	/  ���E =�
+�� �� �

�� �B�7  ��37 m�>� ��� �����  -�9 ����P {�Y+ =�� _��+ j�	E <�

�	7 =�@�I�� �� F�� T�� .��	, �=����3 ��� ���G
+� 	��  � =  � ��B

�� q+��� ��	� 
�G�� � ��<�7 =����  =�@��	� �4	N F�� �� .�B�7

 f@ 	7 ��UN ��P�	9 � =������  =�@�I�� �� 	
0�7 F�� T�� .��B�7

�3���� ���G
+� =�  _�6
�� 1��7 ;�+� R��� �7 .��B��	, C|�0� �

 ��	, �7 }�7	�F@�� ��
 � �� �I�� � �� =	�e�7 �P�	9 1��� �����

�3�� �� .�B�7 �
B�� ���E F�� �7 ����6� �4	N F�� 
>� =

xe�US�  ���� �3�� ����P ]Y+ <� =���� ��	� <� ��� <� �P�	9 ��	� �

�� ;E�+ ����
+� ��>� 	7 ��UN {�Y+  F�� M�/�@ .��B�7 C��D 

 =d	�� �W3
K� =�@1���  �@ �� ��<� ��	, =���6� �7 ��	U@  .��B

 =d	�� �7 �0�� =d	�� <� ���I�� T��	7��7 ����	,�� R����  �� ��	,

 ��37 =��� � ��B ��37 �� ����	5 ;��� -� ��Q�� �7 	Q�� ���7 C��D 

 e�7 
9�����	�:�� �	7 �7 	Q�� ��37 =��� T
 � e�7 .3o���� �? <��R 

����Q F�	� � F�� � +�N� ,�B� ���	5�� � C�	8� T�� .��B

 ����	,�� �I�� ��37 ��  ��������Y?��� ��	� 1�B= P�	9��  F@��

P�	9 ��<�7�� ����� 
��B��� 
5 ��  ��37 
��B �
B�� ��	U@ �7 ��

 .�B�7�	7��7�T +�	7� <���;  ��	,��� � �� f.� ~5��� <���@�I= 


��5 ���P 
+� ]10 -12[.  

�� �<��� 3>��R 	���������� ���@�I= 
��5 ���P R��B ���3�  �	7

� ���-� ��S �
 �@=  ���,���,�� _�+ �@= 9��	 M�Q�� 
+� ��B ]13 ,

14[
���S  T�� ���U� �� .��� ;�<�� �@ 
+� �7 ��37 
9�����	�: =

�7 =��� ;�<�� <� ���G
+� �7 k2+ � ����
+� ����	5 ��8� �����


+� ����	, �S��Y� ]15 ,16[
���S  T�� 	7 =��	� ����� �� .�� �@-

                                                             
1 Nd:YAG 
2 Nd:YLF 
3 Nd:Yvo4 

F@��� T�� �� .��B ���� =��7	��� � k�P �F�� ;��� �7 �P�� �7 �@

'�� <� ���G
+� �7 ��37 =��� ��
 � ��� �7 _�S �S� W3
K� =�@ T�

 ��,�B �+�N ���� 
+� �7 =��� T
 	, 	L� �� �7 � 
+� ����	,

F�� .
+� ����	, ��+�>� ��37 
��B q��	4 C�	���� � ����	5 =�@

����< T�U@ ��  1����U@ � 1�
�3,�]17[  1����U@ � T�� �]18[  -�

 =�	7 ����� {	E<���; ����� 8�� ��C�	 
����	���� ��= �	7 ��37�=  �o���

 .�����d= F�����U@ � ��]4[ ��E �
+��� F�� T
 	, 	L� �� �7 �

�	7 ��37 =�� �� F�� T�� ����	5 C�	8� �=���� C������:M����u� =�

+�	7���� ��������	? ��B �U� ��	� 1����	, C�	8� �=	L� _�� �� .

 F�� � ��� ;�<�� ����>� =�IP� '�� <� ���G
+� �7 .
+� ��B ��>�

 C��8� �7 �7	Q� V��
� �7 =��N V��
� 
>D � ����	, T��S� ��37 ��

� ���+� .
+�lU@�T d=  1����U@ � ��]5[ :M����u� �	7 =�� 	7 �

f�
�������3   �f�	
�� � �4� =��	, � ��B �U� ��	� 1����	, C�	8�

�	7 ��37 =�� 	7 R��, M�/�@ �� �� ��B �U� �
+��� F�� 
>� =�

 =����+�	7���� ��������	?R�3>� <� . =�@M�Q�� ��B  �+�	7 
.P

�+�N � ��37 
��B���  .
+� ��B ���G
+� 1� �,�B  1����U@ �

]19[   ;�<�� ��	, =���� F� 
>� �I�� 	��  -� �� ���S��Y����� 

 ��	?���� ��� ��37 �� �
�<�2��� �>GD �� 1� ����	5 C�	8� � ��� ;�<�� .

Z��/Z��:f�7	
��4  1����U@ � �� m+��]20[ +�	7���� �
 	, ��	? �

�	? ����P F�� 
>� ��37 .
+� _�6
�� _�� <� � �
B�� � =��	, ���� 

 ;�<�� �+�	7 
.P���  m�>� -� �� ��� ;�<�� .
+� ��B ���G
+�

  m+�� ���E ����� F�� 
>� _�S b��d  1����U@ �]21[ 

�S��Y����� �
 	,��	?  �F@��� T�� �� .
+��7 ��L��  <� ����	5 R�3>�

 .
+� ����	, ���G
+� ���>� 1�U�� '��1� �@  ����Y? F@�� =�	7

� ��P�	9 ��	� 1�B- ��7  � ��37 �� q+��� ;�<�� �7 =d	�� j��I� �7

�- ��7  T���� �7 	/���/� T
B��  e�7 � ���3P ]Y+ �� ����/� T
B�� 

N 1��U� 	S6� � ��37 =�3P 1��U� t�>�) ��6N ]Y+ �� ��� �(1� q6

�+�N ��8� .����U� R��S� �� �,�B������k  1����U@ �]22[  �7

�<���� ,�	= �7	Q� I�� ����>� 1�U�� '�� � ��	,�� �� � ��37 ������ 

e����� _�S  ���� �7 ��B �f�7	
�� 1�� �������	? �S��Y����� '�� �� .

�<��� j�	E <� ������ �3D�  ��+�>� ��7	Q� C��D `�� �.�P =	�,

 1����U@ � ��39 .
+� �
 	,]23[ �3�� ��37 ���������	� R�3>��= 

 F�� 
>� �@|�	+ ��	� � �+�,��	� '�� �� �7 �� �� Z��:M����u�

 ����� ��	?+�	7���� ��������	? ��37 .���3 � ����	, �E�5� t� m+�� =

 C��D ����P {�Y+ j�	E <� =��� -�9 C��3UN ��� (���	 ;�<�� <� .

 =����7 
+� ����  	���� T��S� 
.PR�B   �	.7 ��37�
 	, ��B  .
+�

_�c���7  -�FK� �����  � Z��:f�7	
�� ����� ��37 ]Y+ =�� ��	,

7 -� �� ����	5 R�3>� �_��+ m+�� -��� ]Y+ 1��U� -�9 ��3

 m+�� �����'�� �@ m+�� �@�/0���<� � =��N =����	+�  �

 1����U@]24[  k�P F6� �F@��� T�� �� .
+� �
 	�(� M�Q��

FK� �����  � ���7�7 .
+� ����	, �+�	7 F�� ����	5 ��8� =��

 =	GD]6[ m�>� �� ���>� 1�U�� '�� j�	E <� �M	� ��I � Ansys �7 �

�	7 ��37 	7 ���E �
+��� � ����� F�� ����	5 C�	8� �+�	7 =�

 I����� <� ���G
+� �7 .��
9��	� Z��:M����u���1�� �@ m��	� =���  �

                                                             
4 Yb:YAG/YAG  



 

 

171  
 

�.
�

= 
�@

�Q
�

=  
 

� � ��� ;�<�� ��<�+ ��37 �� F��7 
+�  ����  1��� ���0�7 1�I�� �

 1��� 	@ �� F�� ���0�7 ��+�>� <� ���G
+� �7 ���UN���+�>� ��B 

�7 .
+��|
9� � ����	, C�	8� �+�	7 ��L��  �I�� -� �� =��� ���

 1����U@ � �d �Z��:f�7	
��  �����]25 ,26[  =��N � �3�3>� ����

M	  �P�� �7 � C��G
� =<	� m��	B =���� 	7 .����U� �o��� =�@

 ��+�>� ��37 �� F�� � ��� ;�<�� �F�� ��� �+�,	��+ � 
9�����

 �=��>� ����	, F�	� ���� 1����	, <� �B�� =��� ��� �|
9� � ��B

�� � =��� �
��B�� -��� R�B 	���S��Y����� �
 	,��	?  .
+� 	7

 ����� 	�: =��	, _�6
�� _�� =����=�@�Q� � �N��< ]27[  R�3>� �7

�>GD �I�� ���������	� �
9��	� ����� �I�� 
>� �C������ :M����u� =�

�� =�	7 � �� ����� 1�0� ����� =�@��	L� �U� ����  �6�?� V��
� �����

.�@� �o��� 

�3�� =�@�I�� =�xe�US�  ;Y6� ]Y+ =��������	 � _�6
�� � ���7 =

=��	, f���u� _�S  ���� =���� �I�� T��lU@ .����� ��+��� - <� �Z��

f.� 	��T 
��5 =�@�I��  ���L� � ��BI� ;���D �� �� 
+� ���P

������� J��9 =���� �@�I�� T�� .���� �	7��� - �	.7 � q+��� ����	5

 .��
�@ e�7� ���T ���6� �� �7�� 	7 '�� �7 ��3�3>� =�@��+�>� = 

<���; 	� ��37 �� ������
�� 
��5 � ���P��3 �Z��:f���u� =  �
9��	�

�� ��B =���� =�@��	� � �
B�� ��	? ���E �
+��� F�� 
>� ��37 .

�7 C��D  � �+�,+�, 	��+���	� �2  �3 �� �
 	, 	L� ��  .��B

 ��� ;�<�� =�	7 �3�3>� !+�� -� R�7 C|���� � ����  =	+ =����	7

�� ��+�>� ��� ��
��� � T��S� ��37 ��  =	+ �7 �P�� �7 .��	,

�7 
+� �������0�7 ���6� �  �+�, 	��+ � �+�, Ce�5 �� ���

� �7 � ��+�>����	/ �� ����6�  V��
� 
>D �+�	7 =�	7 .��	,

�7 
+� ����  1�U��  V��
� �7 �N�SB � ���E ��>� =�� ��� ;�<��

�� �Q�+���
N� �3�3>� V��
� � ��B ����6� ���>�  ����� �� .��	, �7

��6� �7 �P���	 �7 
+� �� �������� � �,�B �+�N ��� C�	���� <� �B�

 � �+�, =�@��	� F6� � ��+�>�+�,	��+ V��
� T�� =�� �

�S��Y�����  ��	?�� ,��	.  

 

2 - �?��@,A B,� C�� 3D�� * E0  

 R�B1  ��37 -����3 � 1�0� ���E 
9����� F�� 
>� �� =

�� �@� 	Y? =���� �3�� T�� .5mm  _�E �0.1m   <� 1� k�P �

 Z��:M����u��� �B�7 �	7��� . � ����5) 
9�+ =�@����	  �� ��37 T��

t�� �3D� ) ���L� �(=��(, ���0� M	� 
 �7 �5�	P) ��BI2����� �(�@

�?	P f
��+ T�I/��P) =<�+ R������ � (1�@� ���� (�
�+ ��<�B�7 

]1[ F�� .�7 C��D  =���� ]Y+ <� =�������� 1�0�  ��B  �7 �

_�E `�� 808nm  M�Q���� (���	 �7 j7�Y� .F@��� �@ �
U�? T�0�� =

 � ��B �I�� m�>� 1�B M	, �	D �F�� 1��� <� ��	,�7 C��D 

 ;�<�� �3�� �� 
9�����	�:�� ��	, <� =	�,�3P =�	7 .T
 � e�7 �� �

 C��3UN �( ��	U@ ��)-�9 <�+ M�Q�� �3�� ����P {�Y+ j�	E <� =

�� (���	 1�0� 
�S4� �� .���� ��B  _��+ =���-�9 �����  ]Y+ �

 ����PT0= 291K  ��>��� ��	, _�6
�� <� T��lU@ .��	,=  ��
7� ]Y+

 ����P ]Y+ �7 ����6� �� 1� ]Y+ ��X�� �7 �P�� �7) �3�� =�.
�� �

 ��	E� =�p  �7 (��37�	D 	L� �� ��B .1�U@ ��E  1�0� R�B �� ��

���� ��B  �� ��	� ��� �<���� � ����	, _�UN� ����P ]Y+ <� F�� 
+�

 �3D� 2mm    �7 	7�	7 � 1�I�� T�	
U� =���� ]Y+ <�0.002mm 

�� �B�7 . 

  
 E
�1-����) 5�6 4"  ���� 
27F  

 
  ��37 T�� C�cK0�
+� C���N  <�]6[ :	4�q 
��B n=1.82 �

 t(P q�	4α=4.1cm-1����	5 =��� q�	4 ����� � 7.3 � 10��K�� �

 ����	5 �|�� q�	4η= 42%  � ����	, �����+� � � 14 � �. �⁄.  

 1� ���U� 1�I�� � 
�S?�� <� �S7�� F�� ��	� O�SB T��lU@

 �Y7�� j�	E <� �� 
+�)1( �� T��S� ��B]1[:  

  

)1(  ���� � ���1 � ������  ���!"��� �� 

  

 [�  �Y7�� ��λ _�E `��  ���<� =�p  �� F��ω  ��	� ��� O�SB

�� �B�7. ��  
�G�� ��
��  �7�S7 ��	�  � 
+��� 1��� �7 ���, � =

 �3�� 	Y? ���5 �� ��� 	Y? ��3�� �P�	9 �5��� �� �� ��U� t�K
��

 F�� .��	,�� ����� �7 C��D  ���	� �+�, 	��+ ��+�,2  �3  .�B�7  

 �Y7�� <� ��	� C�B �+�, F�� ��)2 (  T��S��� ��	, ]28[:  

  

)2(  # � #�exp � 2 (���  )�� 
  

�� r   ��3�� ��>� <� �N�SB �3D� I0 ���	� C�B ) � t(P q�	4 � �� F�� ��	� O�SB .�B�7  

 1�I�� �F�� ��	� C�B T
 	, 	L� �� �7=��	, t(P ��B  ��

 �Y7�� <� ���G
+� �7 ��+�, 
��5 =�	7 fQ5 �5��)3( �� T��S�:��	,  

 

)3(  * � *�exp � 2 (���  )�� 
 

:��  

  

)4(  *� � +,2" - - (.(.�/�0�
 

  

 �Y7�� ��4 �P  �=���� 1���a  �L  ��37 _�E � O�SB�� �B�7.  

 �Y7�� <� ��	� C�B ��+�, 	��+ F�� T
 	, 	L� �� �7)5( 

��  ��	,]28[:  

  

)5(  # � #�exp � 2 1 (���2�  )�� 
  

 ���	� �+�, ��	� =�	7 ��2 �n=2  ���	� �+�, ��	� =�	7 �3 �

n=3 �� ��>� .��	,  

 1�I�� � =��	,t(P ��B  �� fQ5 �Y7�� <� �5��)6(  =�	��

�� ���:  



 

 

172  

+�
	7

� 
���

	5
 �

�8�
� ��

�I ��
�3 �

= 
  F

��
 


>�
 ...

 

  

)6(  * � *�exp � 2 1 (���2�  )�� 
  

 �P�� �7 =��	, �7t(P ��B  m7��� �� fQ5 �5�� 	7)3(  �)6( �

=�� =d	�� =�67 �3�� ��37 F�� 
>� =��7 C��D  �Y7��)7(  ��	?	7

:
+�  

 
)7(  3  4⃗

6
. !7⃗  .8 � 9 * .: � 0

;
 

  

 ��ds  �dv  ���37 �3����	G�� 1�U�� 	@ fQ5 � 
5���A  �V 

 ���37 �3� fQ5 � ]Y+ q �{�Y+ <� ����(, ��B ���	7n  	@ _��	� ���	7

 1���? T
 	, 	L� �� �7 .
+� �3����	G�� ]Y+ F��+� ���� ]29[: 

  

)8(  4⃗ �  �∇77⃗ = 

  

 �Y7�� ���I/��P �7)8 ( �Y7�� ��)7(  k��d���� ��p? <� ���G
+� �

 �Y7��)9(  
+� �7�� ��� :  

  

)9(  9��∇�= � *� .: � 0
;

 

  

 �Y7�� 1��7 ��	?	7 
.P T��	7��7)9( �Y7�� 
+� M<e �)10(  ��	?	7

:��B 

  

)10(  �∇�= � *�(, �� � 0 

  

 
����
+� C�c
K� �� =��(,��7 =�����< �c
K� <� R6
�� ����	5-

 <� R6
�� ���37 ����
+� <� �635 	@ �� ��� ;�<�� T��	7��7 .
+� =�

� �Y�>� 
�S?���+|�e T
 	, 	L� �� �7 �(� .
+  C�c
K� ��

����
+�C���N �(5 � =� ����S� ��Y�>� �c
K� �7 �
�7�� =�@

 R����	G��)11(  ;�<�� T��S� 
.P) ���
+� �7 (��37 �� �� ���: 

  

)11(  1( ??( @( ?=?(A � ?�=?�� � *�(, ��� � 0 

  

 :=<	� m��	B �7  

  

)12(  B=�C, �� � =�                       ?=?� �(, 0� � ?=?� �(, D� � 0 

  

 �7 ��B �
 	, 	L� �� ����
+� ]Y+ =��� ;P	� =��� �l���X

 =��� t�K
��=E � =  =� =<	� m��	B � Ce��S� ��7 C��D  	�<

�� �����<�7 :��	,  

  

)13(  1( ??( 1( ?=E?(2 � ?�=E?�� � *�(, ��� � 0 

  

:=<	� m��	B �7  

  

)14(  B =E�C, �� � 0                       ?=E?� �(, 0� � ?=E?� �(, D� � 0 

  

�3�� ��37 �� ���E F�� ;�<�� C�B RUN � =��u� �� R6
�� =�

 �7 ����	5 ��7 �(� �
+� �Y�>� �c
K� <� �7 
��� 1��6
� C��D

 � �+��@ �� =��>� 1��6� �7 �P�� �7 .��B �� ;�<�� �3�� ��>�

�� �N�SB � ���E 
.P �� � 	D ��� 	���� �=��(,��7  T��	7��7 .�B�7

.
+� ��B H	  
7�8 ��� �Y�>� 
.P ��  

F�� �7 �P�� �7 ����� �� �3�3>� R5 ��+�, 	��+ � �+�, =�@

 ����S�)13(  � ��B M�Q�� �7 ) 1� ���0�7 � ��� =�	7 �	/U@ �K+��

�� �o���  (=	+ C��D.��	,  

 ����S� R5 =�	7)13( ����S� T�� ��
7� ��7 C��D  ����S� -�

 	L� �� T/U@�
 	, ��B R���� -� � (���>�) �@��
�  �q+��� ���� 

�� T��S� ���E 
.P =�	7  R���� .��	, �@��
� ���E 
.P ��

�7 C��D  �Y7��)15( �� �� �
 	, 	L� :��B  

  

)15(  F��(� � G H=E�(, ��I � 2D J =E�(, ��cos �!"D ��.�0
�  

  

 ��G ����  R����  �@��
��+�����  ����  =	+ q�	4)

 �(�+�����=E  �1� ]Y+ =��� �7 ��37 =��� �|
9�F��(�  �|
9�

 ����  R���� _�UN� <� �S7 ]Y+ �7 ��37 =����@��
�  � �+�����L 

_�E ��37 .�B�7 ��  

 ����S� [�  R���� _�UN� �7)13( �7 C��D ) ����S�16(  �����<�7

�� :��	,  

  

)16(  1( ??( @( ?F�?( A  !�"�D� F� � ℚ��(�� � 0 

  

:=<	� }	B �7  

  

)17(  F��C� � 0 

:��  

)18(  ℚ��(� � �0 - *�(, �� cos H�O0 �I .�   ! � 1,2, …0�    

ℚ��(� � 1D J *�(, ��.�0
�  

  

 ����S� T/U@ !+�� T
 	,	L��� �7)16(  ;7��� �1� =<	� m��	B �

R�B �7 ����S� ���� ;7�� �� 	GD ���	� _�� O�� R�7 T��	7��7 .��	,

 ����S� !+��)16( �Y7�� j7�Y� �)19 ( 	L� �� R�7 =	+ -� R�B �7

�� �
 	, :��B  

  

)19(  F��(� � Q FRS� T� H)SC (IU
SV�

 

 ��)S ���0 �@ 	GD R�7 ����S� =T��W�=0 � )�  �0�� T����

 ���(� ����S����B�7.  

 T��lU@ℚ��(�  �Y7�� j�	E <�)20 (�� ��+�>� :��	,  



 

 

173  
 

�.
�

= 
�@

�Q
�

=  
 

  

)20(  ℚ��(� � Q ℚRS�  T� H)SC (IU
SV�

 

:�� 

)21(  ℚR S�  � 4DC�T��)S� J J (*�(, ��cos H!"D �I .�.(0
�

/
�  

  

 �Y7�� 1��� ��	? �7)19 ( �Y7�� ��)15 ( ����S� T
 	, 	L� �� �

:R�7 

  

)22(  FRS� � ℚRS�� @)S�C� � !�"�D� A 

 �Y7�� =	+ <� ���G
+� �7 ���� ;�<�� T��	7��7)23( �� T��S� :��B 

  

)23(  =�(, �� � Q Q ℚRS�� @)S�C� � !�"�D� A cos H!"D �I T� H)SC (IU
�V�

U
SV� � =�  

  
 

 �Y7�� j�E <� T��lU@)23 (�� 
7�8  ��B �� ��� ���0�7 ��

) 1� ��>� =�� � ��37 =���� z=0�r=0 �� ��Q�� (  1� 1�I�� � ��B

:�7 
+� 	7�	7 

  

)24(  =S/X � Q Q ℚR S�� @)S�C� � !�"�D� A � =�
U

�V�
 U

SV�
 

 ��
7� �=���� �>GD �� �,�B �+�N 1�I�� 1���� 
+� �7 
.P

 ����7 C��D �- ��X �3UP � ��>� =�
+�� �� q+��� =r  �7 j7�Y�

�� �
 	, 	L� �� � �Y7�� :��B 

  

)25(  =�(, 0� � C� � C�( � C�(� � ⋯ 

  

<� ���Q�� O�SB ��37  0025/0 	
� �
+� ���0�7 ���6� r� 0.0025 

�� .�B�7  _��P �7 j7�Y�1 �=�Y9 �� 
+� ��B ���� 1�0�  <� �B�� 

C���N �(5=�@ =���� 1���  <� F�72 ) �Y7�� ��25<� 	
U� �( 3/0  

�� ��+��� q�	6� �7 T��	7��7 �
+� �D��C���N 1��� 1��� <� 	�e�7 =�@

2 �	D ��.��U� 	L�  

  

C*�� 1- ?��GH IJ0 D/ 
��� 3�KLM�� �G ,� 3�)  

5<� 	�e�7 =�@ 1��� �( 

1��� 3  

<� 	�e�7 =�@ 1��� �(5 

1��� 2  
q�	6�  

4-10×25/6  25/0  
 ���0�7 �D�� 1�I��

�Y9= ����  

�3UP��X � =�7 ���, ��� t�K
�� = �� ��Ba1  �7 ����6� ��a2 

 �+�N ������ �3D�  
��5 T�� �� .��	, I�X���0��R ��B j�	E <� �

 �Y7��)26 (�7�� 
+� ���]1[: 

  

)26(  Z � 1
2D .!.= C�

 

  

3 -  NO���  

 1��� =�	7 F@��� T�� �3�3>� V��
� �=��(, �>D 
.P120 �7 C��

�����3�� �I�� �7	Q� =�@ =�Nd:YAG  �� ���B �o���  ;P	� �� ��

 R�B2 RD��  �� �7	Q� V��
� .
+� ����	, ����6�1  �5  �8 �3��-

 ��37 <� 	
�10 �3���7 =	
� .
+� ���� 
+� 1�0� V��
� [��Y��

_�� ���@��� �3�3>� '�� R5 
?� � q+��� =<�+ .�B�7  

 !+�� �=<����� FK7 �� ��B ���� =�@	
����� �7 V��
� �7 ����� ��

 =���<���;  ��B  1��� =�	7 ��37 ��100 C���7 C��D  1��7 =	+ -�

 C|UP ���>� ���S� T
 	, 	L� �� �7 =	+ ���	/U@ �
+� ����	,

 R�B =�@����U� �� ���E � �N�SB 
.P �� �� ���� ;7��� =�	73  ��5 

 1�0����� ��B  R�B �� .
+�3 �N�SB 
�S?�� q�5	7 ��� ;�<�� �

 R��B !+�� �� �
��5 =�	730  q��	� �7 � �+����� =	+ �� �3UP

1 �2 � 3  1�0� �
+� R�7 =	+ �� �3UP���� ��B  .
+�1�U@ ��E  ��

�� �L5|�!+�� �� ���B ��
�@ R�7 �3UP �+ � �� =���� �� ���@

�U� ��@�0� ����G� =	+ =�	7 �3UP �+ T
 	, 	L� �� T��	7��7 .��	,

 1�0� T��lU@ .
+� q+��� R�7���� ��B  1�I�� T�	
0�7 �� 
+�

� �N�SB 
�S?�� �� ����� ��Q�� (	GD 
�S?��) ��>� =�.��B   

  

  
 E
�3- ��6 POD7 Q�0,�  * *6 ��O R�A,8 ,S� �6 �� 
H�T� 4�TU7�

E�� 3,� 3/,� ���� ��  

 

 R�B4  ��� ;�<��q�5	7  ���E 
�S?���	7= 
��5�  R��B !+�� ��

30 �� �3UP�+�� �
+� ����� 1�0� 1�U@ .
+� ��B  �L5|� �� ��E

�����B  q+��� I�� R�B T�� �� R�7 ;7��� =�	7 !+�� �+ 1��7

�� ��@�0�.��	, 



 

 

174  

+�
	7

� 
���

	5
 ��

8�
� ��

�I ��
�3 �

= 
  F

��
 


>�
 ...

 

  
 E
�4- ��6 POD7 Q�0,�  * *6 ��O R�A,8 ,S� �6 �� 
27F 4�TU7�

E�� 3,� 3/,� ���� ��  

  

 R�B ��5 R��B �� �K+�� =�	7 �N�SB 
�S?�� q�5	7 ��� ;�<�� �

4  q��	� �7 � R�7 �3UP5 �10 �20  �30  �
+� �+����� �3UP

 1�0����� ��B  .
+�1�U@ ��E �� �L5|� ��!+�� �� ���B �� ���@

�U� ��@�0� ����G� ��
�@ �+����� �3UP �+ � 
��7 =���� .��	,

 T
 	, 	L� �� �(�30  �+����� ;7��� =�	7 �3UP�� ����� �7 7�9 �

 ��37 m�>� �� �� ��� ;�<����F 7��.���U� �  

 

  
 E
�5- ��6 POD7 Q�0,�  R�A,8 ,S� �6 �� 
H�T� 4�TU7�5 �20�10 

 *30 
�7���< P�/7  3/,� ����  

  

 R�B6  �� ��� ;�<��q�5	7  ���E 
�S?���	7= 
��5� !+�� �� 

 R��B3  �3UP �
+� R�7 =	+ =�	7���� 1�0� 1�U@ .
+� ��B  ��E

 �� I�� R�B T�� ��� �L5|�����B  T
 	, 	L� ��30  �3UP

��� R�3>� =�	7 �+����	,�� �� q+���  =�
+�� �� ��� ;�<�� .�B�7

 ���E 
�S?�� <� �S7 �3�� ���E ��>�20 ��3� 	
�  � ����	, 
7�8

-�9 ]Y+ =��� �7 	7�	7 ��� 1�I��=����� ��BT��<� .��B  �� V��
� ��

 �3D� 20 ��3� 	
�.
+� ����	, f�+	� ���E ��>� =���� �>GD <� =  

  
 E
�6- ��6 POD7 Q�0,�  R�A,8 ,S� �6 �� 
27F 4�TU7�5 �10�20  *

50  3/,� ���� 3,�
�7���<  

 

 
.P�>D ��(, ��� ;�<�� V��
� �	
0�7 =q�5	7 S?���
 �@ �N�SB =

 R�B �� q��	� �7 ���E �7  R�B �8 �7 
+� ����  <� RD�5 V��
� �7 �

M	� ��I �  ���>� 1�U��Ansys  1�U�� .
+� ����	, ����6����G
+����� 

 1�U��Solid90 1�U�� ���S� � ���7 T�� �� �@M	� ��I � 400000 �� .�B�7

 �+����� �3UP �+ � R�7 �3UP �+ T
 	, 	L� �� �7 �3�3>� V��
�

�7 
+� ���� .
+�  R�B6  R5 � ���>� 1�U�� V��
� T�7 ����6�

 1�0� �N�SB 
�S?�� �� �� �3�3>��� �@�.  

  

  
 E
�7- 4�TU7� �6 ��6 POD7  3/,� 6*�"� ���2/ * 
���"  NO���


H�T�  

 

 R�B �� T��lU@7  1�U�� � �3�3>� V��
� T�7 ���N ����7 j7�Y�

�� ��@�0�  ���>� .��B  

  



 

 

175  
 

�.
�

= 
�@

�Q
�

=  
 

  
 E
�8- 4�TU7� �6 ��6 POD7  3/,� 6*�"� ���2/ * 
���"  NO���


27F  

 

 R�B ��9 -� =��� ��
��� �>GD �� � ��Y? C�c
K� �� �3�� M��.X

�� ��� 1�I�� T�	
0�7 =���� �� �F�� =����  =���� 1��� =�	7 ��B�7

100  1�0� C������ ��B �� ��@�0� .
+� �� ��� T�	
0�7 �� ��B

 	
0�7 I�	� <� �N�SB �3D�  �X	@ � ���� s� �3�� I�	�  =��� ��B

�7 
+� ���� ]Y+ =�� _��+ =��� �7 �I�-��� 	�  .��	,�7 ���, � �� =

 �N�SB �3D�  <� �S7٢ ��3� 	
� ��37 =��� �=	6��x��  ]Y+ =��� �7

 .
+� 	7�	7 ��B -�9  

 

  
 E
�9 - ��6 
GKU �7���<�G��"� ���  �"#$ �6 
���"  X*� Y�7 

36*�*  

  

 ��37 =��� ���0�7q�5	7  �0�� 1���_�UN� ��B  R�B �� �1� �710 

 1�0����� ��B  .
+�1�U@ ��E  ����F 7���� �  �1��� F��I � �7 ��B

 F��I � ����� ��7��� �L5|� .  1��� � ���0�7 =��� �Y7�� �� ��B

_�UN� ��B �7 C��D �Y7�� <� � ���7 �Y9  =S/X � 1.24 , � 291 

 =�	���� ���.  

 

  
 E
�10 - �7�� 3��6 ���(��Q�0,� 36*�* �/7   

  

 ���37 <� �>GD 	@ �� C��	5 ;�<�� 	8� ��+�N -� � ����� ����	, �

�� ��Q�� �+�N  
�U� �7 ��37  �� �,�B �+�N �U� 1�I�� .��	,

�� ���Q�+ ������ �3D�   R�B ����U� �� .��B11  ������ �3D� 

q�5	7  1�0� =���� 1������� ��B �� �L5|� �
+�  �7 �� ��	,

��� �3D�  �1��� F��I � ���-X�� 	�  .
+� ��B 	����B ����	, I�� �

 1��� =�	7 �� 
+� ��B ���� 1�0� T��lU@Z�I7 	�  <�20  �3D�  �C��

 ��37 R9�� �� �������
 	,��	?  F@�� �P�	9 ��	� 
�G�� ��� ��7� .  

  

  
 E
�11 - 
�7��< ��$�AQ�0,� 36*�* �/7   

  

 ����	, {	Y� �+�,	��+ � �+�, _�� ��0�� ��	� ;�<�� ��

1�U@ ���,  ��x|�?  ��9 �+�,	��+ ��	� �B �
G,�� ����� �7 C��D 

 ���	�2  ���	� �� �3  R�B �� .��	, _�UN�12 T�7 ����6� -� �

 =��� ���0�7
��5 �@ �+�,	��+ � �+�, =q�5	7  =���� 1���

�� �L5|� .
+� ��B M�Q��  ��+�, 
��5 =��� ���0�7 �� ��	,

�7 J�c9  =�	71��� �@ �e�7 =Z�I7 	�  .
+� �+�, 	��+ 
��5 <�

 ���	� �+�,	��+ 
��5 �� ����U� q�B T��lU@٣ -X�� 	�  q�B <�


��5 =�@����U� ���	� �+�,	��+ =�@2 �� �+�, �  ����� T�� .�B�7

� R��� �7
9���� ���	� �+�, 	��+ 
��5 �� F�� ;�<�� 1��7 	�3 

 ���	� �+�,	��+ 
��5 �7 
���2 �� �+�, � .�B�7 



 

 

176  

+�
	7

� 
���

	5
 ��

8�
� ��

�I ��
�3 �

= 
  F

��
 


>�
 ...

 

  
 E
�12- * *6 �G ,� 
�78 ,�7� * 
�78 42�0 �6 �7�� 3��6 ���(��

��  

  

 R�B13  ����	,I�� <� �B�� ������ �3D�  C�	��������B��Q  =��37 ��

 ���	� �+�,	��+ � �+�, F�� 
>� �� ��2  �3  1�0� 
+�

�� �@��� �L5|� .  �3D�  �
��5 �+ 	@ �� 1��� F��I � �7 �� ��	,

�� -X�� ������  ���	� �+�, 	��+ F�� ��� .��	,3  �7 
���

 ���	� �+�,	��+2  ������ �3D�  =���� �+�, �Z�I7 	��� =  .�B�7

�>� �� �|
9� T�� 	�< ����� ���۵  C��R7�? �P��  1�0� � ���7

���� ��B  ���	� �+�,	��+ F�� �� �� 
+�21��� =�	7 � =���� =�@

 <� F�725 �� ���� ��37 R9�� �7 ������ �3D�  �C��  .��B  

 

  
 E
�13- ��$�A �) 
�7��< 3/O���6�	 42�0 �)
�78 ,�7� * 
�78 3  

  

4 - �	��� 3,�8  

�� T�� ����6� ;�<�� ��� �� -� ��37 �3�� =� 
>� F�� �
+��� �7 

���G
+� <� -� '�� �3�3>� ��
�� 	7 =	+ =�@ ����  �7 C��D -� 

!+�� �
�7 �7 
+� ��� .�� �+�	7 !+�� �3�3>� ��@�0� ����	, 


+� �� )f:	�3N  =	�,��	? ���U� �<���� ��� �� �
�S?�� k� <� 

�>GD =���� (���0�7 ��� =�� ��>� �3�� � �� �>GD =���� F�� 

s� ���@� .R�3>� ���	/U@ =�� V��
� 1�0� ���� 
+� �� �7 �� 	L� 

T
 	, 3 �3UP =�	7 =	+ R�7 � 30 �3UP =�	7 ;7��� �+����� 

�� 1��� �7 �7�9 =��� ;�<�� ��B �� ��37 �� ��+�>� ��U� .V��
� 

�7 
+� ���� �7 '�� 1�U�� ���>� �� M	� ��I � Ansys ����6� ��B 


+� .j7�Y� ���N V��
� �� '�� 1�0� �� �@� �� '�� ��3�3>� �7 �7 


+� 1���� -� �Y7�� ]�	D =�	7 ;�<�� ��� � ���0�7 �1� �� ����� 

�7 �
5�� C�	8� ����	5 F�� �� ��37 �� �+�	7 ���U� . ���� ��37 ��

 ��+�	7��@�0� ���	, �� ���0�7 =��� ��B��Q�� �� ��37 -� �Y7�� 

�Y9 �7 1��� ���UN� ���� � T�� �Y7�� �Y9 =S/X � 1.24 , � 291 

=�	7 ���U� 1��� =�@ �0��  ��	?	7
+� .T��lU@ 1�0� ���� �B �� �7 

F��I � �1��� I�� ����	, 	����B ��B � �3D�  ������ =�	7 1��� =�@ 

Z�I7 	� <� 20 C�� �� F�� �+�, R9�� ��37 ��	? �� �	�, .����6� 

T�7 F�� �+�, � �+�,	��+ 1�0� �� �@� �� ���0�7 ��� �� R�3>� 

�+�, Z�I7 	� <� F�� �+�,	��+ ���7 � 	@ �X ���	� �+�,	��+ 

	
0�7 ��B T�� �|
9� Z�I7 	� �� ��	, � 
��.��� RD��  ������ 

�B�� <� F�� �+�,	��+ Z�I7 	� <� F�� �+�, �� �B�7.  

  

5 - 3�/1Z��[�  

�/0��� 
��U5 �7 F@��� T�� � ��  � ��B M�Q�� 1�/��23, �+��.�

.
+�  

 

6 - �)6���  

\ ��37 ]Y+  )m2(  

C ��37 O�SB   )m(  

#�  ��	� C�B)Wm-3(  

� ����	, �����+� )Wm-1K-1(  

D ) ��37 _�Em(  

�� ��
��  �7�S7 ��	� 
�G��  

n �+�,	��+ ���	�  

P �0�� 1���  )W(  

Q  1���t(P ��B ) fQ5 �5�� 	7Wm-3(  

q  ����	,��B)Wm-2(  

T ) ��37 =���K(  

=� ��B -�9 ]Y+ =���  )K(  

V ��37 �3� fQ5 )m3(  


���7O \O]H  

α  ) t(P q�	4m-1(  � _�E `�� F�� �� =�p  ��<� )nm(  + ����	5 �|�� q�	4  � O�SB ��� ��	�  

    

7 - P�/,� 
[1] Koechner W., Solid-state laser engineering: Springer, 2013.  
[2] Dudney N. J., West, W. C., Nanda, J., Handbook of Solid 

State Batteries: World Scientific, 2016.  
[3] Injeyan H., Pflug, G. C., Vespucci, M. T., High Power Laser 

Handbook: McGraw-Hill, 2011.  
[4] Ma Z., Li, D., Gao, J., Wu, N., Du, K., Thermal effects of the 

diode end-pumped Nd: YVO 4 slab. Optics 
Communications, Vol. 275, No. 1, pp. 179-185, 2007.  



 

 

177  
 

�.
�

= 
�@

�Q
�

=  
 

[5] Ma Z., Gao, J., Li, D., Li, J., Wu, N., Du, K., Thermal stress 
effects of the diode-end-pumped Nd: YLF slab. Optics 
Communications, Vol. 281, No. 13, pp. 3522-3526, 
2008.  

[6] Babaei Bavil M., Safari, E., Thermal and stress analyses in an 
end-pumped Nd: YAG slab laser using finite element 
method. Journal of Mechanical Science and 
Technology, Vol. 28, No. 8, pp. 3231-3236, 2014.  

[7] Karoussis I. K., Kyriakidou, K., Psarros, C., Lang, N. P., 
Vrotsos, I. A., Nd: YAG laser radiation (1.064 nm) 
accelerates differentiation of osteoblasts to osteocytes 
on smooth and rough titanium surfaces in vitro. 
Clinical Oral Implants Research, 2016.  

[8] Lin J., Pask, H., Nd: GdVO4 self-Raman laser using double-
end polarised pumping at 880 nm for high power 
infrared and visible output. Applied Physics B, Vol. 
108, No. 1, pp. 17-24, 2012.  

[9] Liang D., Almeida, J., Guillot, E., Side-pumped continuous-
wave Cr: Nd: YAG ceramic solar laser. Applied 
Physics B, Vol. 111, No. 2, pp. 305-311, 2013.  

[10] Ashoori V., Shayganmanesh, M., Radmard, S., Heat 
generation and removal in solid state lasers: INTECH 
Open Access Publisher, 2012.  

[11] Shayganmanesh M., Beirami, R., Evaluation of thermal 
effects on the beam quality of disk laser with unstable 
resonator. Optics Communications, Vol. 383, pp. 92-
100, 2017.  

[12] Mohammadzahery Z., Jandaghi, M., Alipour, S., Dadras, S., 
Kazemi, S., Sabbaghzadeh, J., Theoretical study on 
thermal behavior of passively Q-switched microchip 
Nd: YAG laser. Optics & Laser Technology, Vol. 44, 
No. 4, pp. 1095-1100, 2012.  

[13] Grigore O. V., Croitoru, G., Dascalu, T., Pavel, N., Diode-
laser edge-pumped Nd: YAG/YAG lens-shaped 
composite laser. Optics & Laser Technology, Vol. 94, 
pp. 86-89, 2017.  

[14] Mojahedi M., Shekoohinejad, H., Thermal Stress Analysis of 
a Continuous and Pulsed End-Pumped Nd: YAG Rod 
Crystal Using Non-Classic Conduction Heat Transfer 
Theory. Brazilian Journal of Physics, Vol. 48, No. 1, 
pp. 46-60, 2018.  

[15] Huang T., Huang, W., Wang, J., Lu, X., Pan, X., Guo, J., 
Fan, W., Li, X., High energy diode-pumped sapphire 
face-cooled Nd: glass multi-slab amplifier. J Optics 
Laser Technology, Vol. 107, pp. 415-423, 2018.  

[16] Liu J., Liu, Y., Tang, X., Wang, C., Liu, L., Chen, L., Li, N., 
Wang, K., Liang, X., Lü, K., A design of a surface-
doped Yb: YAG slab laser with high power and high 
efficiency. J Chinese Optics Letters, Vol. 16, No. 10, 
pp. 101401, 2018.  

[17] Eggleston J., Kane, T., Kuhn, K., Unternahrer, J., Byer, R., 
The slab geometry laser--part I: theory. IEEE Journal 
of Quantum Electronics, Vol. 20, No. 3, pp. 289-301, 
1984.  

[18] Kane T., Eggleston, J., Byer, R., The slab geometry laser-
Part II: Thermal effects in a finite slab. IEEE Journal 
of Quantum Electronics, Vol. 21, No. 8, pp. 1195-
1210, 1985.  

[19] Liu T., Yang, Z., Xu, S., Analytical investigation on transient 
thermal effects in pulse end-pumped short-length fiber 
laser. Optics express, Vol. 17, No. 15, pp. 12875-
12890, 2009.  

[20] Lu F., Gong, M., Xue, H., Liu, Q., Gong, W., Analysis on 
the temperature distribution and thermal effects in 
corner-pumped slab lasers. Optics and lasers in 
engineering, Vol. 45, No. 1, pp. 43-48, 2007.  

[21] Zhang S., Xu, J., Transient thermal effect in the gain medium 
of pulsed and end-pumped laser, in Proceeding of, 
Optical Society of America, pp. TUP4_6,  2009. 

[22] Marmois E., Cardinali, V., Le Touzé, G., Le Garrec, B., 
Experimental measurements and finite-element 
modelling of thermal effects in Yb3+ doped 
sesquioxide thin disk lasers, in Proceeding of, 
International Society for Optics and Photonics, pp. 
77210O-77210O-14,  2010. 

[23] Shibib K. S., Minshid, M. A., Alattar, N. E., Thermal and 
stress analysis in Nd: YAG laser rod with different 
double end pumping methods. Thermal Science, Vol. 
15, pp. S399-S407, 2011.  

[24] Saravani M., Jafarnia, A., Azizi, M., Effect of heat spreader 
thickness and material on temperature distribution and 
stresses in thin disk laser crystals. Optics & Laser 
Technology, Vol. 44, No. 4, pp. 756-762, 2012.  

[25] Zhu G., Zhu, X., Dai, Z., Wang, Z., Zhu, C., Analytical 
model of optical path difference in an end-pumped Yb: 
YAG thin-disk laser with nonuniform pumping light. 
Applied optics, Vol. 54, No. 10, pp. 3024-3031, 2015.  

[26] Zhu G., Zhu, X., Wang, M., Feng, Y., Zhu, C., Analytical 
model of thermal effect and optical path difference in 
end-pumped Yb: YAG thin disk laser. Applied optics, 
Vol. 53, No. 29, pp. 6756-6764, 2014.  

[27] Zarei H. R., Mojahedi, M., Non-classical thermomechanical 
analysis of Nd:Yvo4 slab laser under multi-pulse end 
pumping using finite element method. Mechanical 
Engineering Sharif, Vol. 34, No. 2, pp. 125-132, 2018.  

[28] Ding X., Ren, Y., Lu, R., Shaping super-Gaussian beam 
through digital micro-mirror device. SCIENCE CHINA 
Physics, Mechanics & Astronomy, Vol. 58, No. 3, pp. 
1-6, 2015.  

[29] Incropera F. P., Lavine, A. S., Bergman, T. L., DeWitt, D. P., 
Principles of heat and mass transfer: Wiley, 2013.  

 


