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=8�6 ��0/1m kg=L�9MN� ��5� OM� P� .�$ �  

�$�� $��Q.�� >5I �/0� ��# R9I S��M�.�� �� ����� �C �D-� �����&� =��<� >$��:
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  .��0� 8�6 �� #� R9E/� �!�T/��
0/1m kg= ��K �� ��09� �<- �� �0/001

N
K

m
=.�$ �! 8�6 � >5I J6

5�$�� $��Q L�9MN� ��5� OM� .�� �� ����� >�T/�� H�� 5� �� �U�VW .�!5��0�:
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  8�6 �� P� �! ��03� 8�6 ��
0/1m kg= �/�� �� .�<- ��0/1Nk

m
=Z&W �� ��� #� � >5I J620cm#� 

5�� >5I �����C �!�B ��9�.�&� 5!�&[ ����� �C ��I�U�$� .� ����# 5��0� \;�<  �!$ � >5�E  ]2��� G6 #� �$ >$^ �� �B�

��:

1/33 /rad s5 /92 /rad s2/63 /rad s3 /2 /rad s
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 .�/��$ ;! ?<!�4! ���&� �� ��K�� _� ����4! $&M� .� >$^ 2 0/03 cos12x tπ= � 1 0/03 cos10x tπ=�� $��Q 

���B.A�� 8�5  \RN��  �� `: �� ��$ #� a���� �� �2��&� .� ����# 5��0� � #�- ��K
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#�- bc/[� � .��0� 5��0� �� 5��U/� >��� ?<!�4! ���&� �� ��K�� _� �  .� >$^ ��0� δ���B �� $��Q .

. يك دايره است

 يك بيضي با محورهاي متمايل نسبت به محورهاي مختصات

يك سهمي است

tanδ يك خط راست با شيب
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 5��0� �� 8�5  �! d[ ;! ���&� �� ��K�� _� ����4! $&M� .� >$^ 5Hz���B �� $��Q . �! ���&� H�� �<���0/5m� 

0/2m �G�C H�� #�- bc/[� � �� +*�� �6$� .�� �� ����� ���&� �� 5<�C�� ���F��6:

0/2cos(3 0/05 )tπ π+0/45cos(10 0/05 )tπ π+

0/56cos(7 0/08 )tπ π+( )0.39cos 10 0.09tπ π+
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 �� ����� �J�  a��e ���� �T���&� P� $� )�� .A5<  �� ���f� $�5D� �: �[�: P� $� �T���&� .g���

π

2

π2π0.1π
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�<- ��K �� ;h�Q �<- P� ��
2N

m
�� 

  
8�6

0/3kg�� >5I R�/�  .������ ��K �� �M�_� #� 8�6 H��
0/025

kg
s

5<  ��  ��  .��N�- #� � �&9� 2�� #� �$ 8�6 H��5cm;�<  �� �!$ Z��U� ie� #� .�C �<��� �� 5E  �� Z&W $5D:

 ��2.5cmA5��� j!� 

12/32s16/64s19/2s9/54s
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 8�6 �� �406 ���� �� �T���&� P�0/1kg ��K �� .�<- �� � 0/4 Nk
m

=��&<�� .���� Z�4�� �� �� R�/�

0/5cosF t=�&I �� �/I����.A�� 8�5  ���k 2�� $� �T���&� H�� �<���

,2

3

Y
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 8�6 �� �4060/1kg��K �� ���6 ��5� �<- #� 1
10Nm

−�� >5I �����C  .�<��� �� ?<!�4! $&W �� �<- .l�� .�G/��

1cm .� ����# 5��0� �ω5<  �� ���&�.Q ;/0�� H��50��.�/Q� ���k 2�� $� �T���&� �<���ω ω=
�

����� 5I�� 

A�� �<��B 8�5 ω
�

�� ;/0�� ��#C ���&� .� ����# 5��0� .

0/2m0/5m0/8m0/3m
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 $�5� P� $� LCR����6 � 5<I �� >5I R�/� ;! �� .�� $&W �� ���D� � �#�[ \�B�D2� �B� \ cosI I tω=
�

$�5� #� 

� \ 5<  $&V�10000R = Ω\  0/2L H= \  5C Fµ= �  2I A=
�

5I��   .>�T�CQ�� �� ����� $�5� :

0/010/030/20/02
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 �MD� P� $� %&� �2��U� �B�3sin
3

y t
π

π
 

= − 
 

 5I��. %&� �2��U�)A�� �<��B 8�5  5U� ����K 

5
3sin

3
y t

π
π
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 �l&- �2�T:3
7800kgm

−�C ?��� Z�5� �10 2
20 10 Nm

−×�� .�� �� ����� �C $� �&N ���:

3
5 /1 10

m

s
×3

1/6 10
m

s
×2

4 /1 10
m

s
×5

7/2 10
m

s
×
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�� �� ����� �$mB �� d�_� �C #� �  ��&N %�&�� $�E/�� R��D� $� ��0E  d�_� P� ���D� .:

v

ρ

vρv

ρv

ρ
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[�&<9� �M[ �2�T: �� .$��0/1
kg

m
jE  _� 100N�$�� $��Q  .%&� P� �� �&I ��mf� $�� H�� �� ���&� �:

�<��� �� ��&<��0/2cm5��0� � 120HzA�&I 5�2&� �C $� 

232W140W52W359W
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 $�� P� $� �e�� %&� P� �2��U� ( ) ( ), 0/05sin 3 4y x t t x= − ��.�<��B 8�5  �� ����� $�� H�� $� %&� ���

A��

0/45 /m s1/2 /m s
0/75

m
s

0/23 /m s
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�2�T: �� �&! $�  �� ��&N %&� P�3
1/29 .kg m

−5�C �� ���- ;h�Q $&M� =C OM� �� . �&! $� �&N ���334m
s

 =C $��1480m
s

��.A�� �<��B 8�5  �� ����� =C $� .��$� %&� �<��� �� =C �� .���- %&� �<��� V0�

3
7 /1 10

−×4
5 / 82 10

−×4
1/ 3 10

−×5
3 /52 10

−×
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 A�� 8�5  �$� �<��B

gv اگر v=اگر. باشد موج پاشنده است gv v≺باشد محيط پاشنده طبيعي است .

gv اگر v0 در محيط پاشنده طبيعي. باشد پاشندگي هنجار است�
dv

d λ
. است≻
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 8�6 �� 1
m � 2

m��K �� ��#� ��5� �<- ����&� k�!�<- Z&W $� �����#C 5��&� �� >�T/�� \5�� >5I J6 

 5��0� �� >�T/�� � 5�!� ��E� 5<  ���&�1

2

k
ν

µ
= �  1 2

1 2

m m

m m
µ=

+
5<  �� ���&� �� .

1-

�_��E� �l�&�

',nY>�4� 

 ���# #� �U��� �$&�� Z��U� ie� #� =�<W P� �e�� ���6 ���6 ( ) [ ], 0/130cos 9 72y x t x t= +�� .

 �C �M[ �2�T:0/00677
kg

m�� .

]2� :5�<  =�0� �$ %&� H�� =��<� >$�� � %&� Z&W\ ���.

= :A�� $5D: 5��� �� Z�D/�� %&� H�� ����&� �  �M�&/� .g���

2-',nY>�4� 
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 �  5�!� ��E� (2 3 )2
( , )

z t
z t Aeψ − +=

]2�o� �� >5���E�k %&� P�

=  o�� %&� �2��U� =�&6 P� �  5�<  ��K.

3-',nY>�4� 

 �M[ �2�T: �� ��40�$�� µ1� µ2jE  �� T5�� >5I R�/� �T�54! �� � >5I >5�E   .5�< �5�k:

]2� (5�&I �� R�0B��� � >5����#�� ��40�$ �� Z���� R_�$� �  .���- �<��� #� .�0 .

= ( �B�
µ

=
µ
2

1
4�&I �� >5���0B��� � >5����#�� ��40�$ �� Z���� R_� $� �  .���- .g��� #� .�0  5I��  .

4-',nY>�4� 
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