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X'	( �#
 ��#$�L� 
(
√

[b/(2m)]2 − k/m+ ω �< √
[b/(2m)]2 − k/m �=>(

ω �$ √
[b/(2m)]2 − k/m− ω �?

31(�N,� ���6#Z[ 
( ^#�(3� �'	( {�L	 �� �) *$ m ���� � ,"1-� Z� #-� !� �RL1 ���
X3;� b1-� !� t1(�[_ k� �J�

R

y

θ
m
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ṙ2

sin2 θ
+ r2φ̇) −mgr tan θ �=>(

L = 1
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eM0

c

ρρ̇+ zż
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ρż

(ρ2 + z2)3/2
�$

7#( � {� �� !� *($� S� 0&1�B� �$*($ *(�O ,&0d�6c� 
� (30� *��s) *$ !*($*� !� H*I ���
!(�1(�B	( @� �ABC� *$ 
(30�

Aρ = Az = 0, Aφ = μ/ρ

�'	( Q0EG �#
 !���6#Z[ 
( ^#�(3� �'	( ' �K !*(3L� μ �'	(
�'	( '��) '�  �K !:�1( ML\ �=>(

�'	( '��) '�  �K !(�#-(
 !� �1�TN�z !� �F>�� ML\ �<
�36B&� '��) '�  �K ,R/ !� �1�TN�z !� �F>�� - !(�#-(
 !� �1�TN�z !� �F>�� ML\ �?

�36B&� '��) '�  �K ,R/ !� �1�TN�z !� �F>�� - !(�#-(
 !� �1�TN�z !� �F>�� - !:�1( �$

k�J� 31(�N,� �#
 !� ��,6E6� 
( ^#�(3� �$*($ *(�O ,B �K !� -�01 �� K( '� EN !(H*I ���
�'	( %B6�� p - H*I !� �ABC� x �3;� 
�\ !� �s\ *$ �0&�

p

x

�<
p

x

�=>(

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���������	 �
 ��
����

p

x

�$
p

x

�?

�36 �,� 
�	� 1 % g� O !� � B 	(* *$ a cosωt !� � 6�($ �  !(H$�	 b� 1-� Z� #-� !� �RL 1 ���
*�E� � b1-� !�#-(
 φf X3�$,� (* H*I '� ��) !� �>$�J� �#
 !� ��!t1(�[_ 
( ^#�(3�

e�'	( %g�O

φ

m

x

y

l

L = m
2 [l2φ̇2 + 2laωφ̇ sinωt sinφ] +mgl cosφ �=>(

L = m
2 l

2φ̇2 +mlaω2 cosωt sinφ+mgl cosφ �<
L = m

2 l
2φ̇2 −mlaω2 cosωt cosφ+mgl cosφ �?

L = m
2 l

2 cosωt φ̇2 +mgl cosφ �$

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���� �� �	 
� ��
� �!(�6#Z[365 !� ��
��
�

���� �� �� 	� 
��
 ���


( ,T5�� %� &� �'	( ,L\( u(H3+�O �� 
�65 a'	( H304&5 70�
 � H��%01 ^# ��
'��) QR	 !� -* YB]m, - V�TRG( 
� -3 a$�;,� ��* H��%01 � QR	 !� -* x !� �RL1

��� 
( !�"#$ �̂ 5�� %� &� �$�;,� (3� QR	 
( L '� \�&� ,� d 
( 8� - a36�,�

( 8� - a36�,� '��) QR	 !� -* YB]m 
� -3 ,>- V�TRG( � a$�;,� ��* x !� �RL1

X'	( '	*$ �6#Z[ �(3� �$�;,� (3� QR	 
( L′ '� \�&� ,� d

L < L′ e=>(
L = L′ e<
L > L′ e?


� 
( V�TRG( P� #�W �[( - aL < L′ 3;� �N%� ,60J� 3� ) 
( V�TRG( P� #�W �[( e$
L > L′ a3;� �NY0 70J� 3� )

!� �1(�B	( ^# �'	( ρ2 - ρ1 !� ��,>�"5 � ,1391{�]C� �� #�� -$ S� ��; k�� ^# ��
'� )�&� - ah �1(�B	( i� �FN*( �ρ1 < ρ < ρ2 - a'	( *-�6; k�� 7#( *$ ρ ,� >�"5 � 7[%�
a�$�JN '� >�) *$ �'	( k�� �� RL� '� )�&� 
( �N^5�� ,]0/ A �'	( A �1(�B	( !� H3+�O

� ,� #_� !� H3+�O - a�N_� k�� =� � 
( �1(�B	( !� �#
 !� H3+�O a'	( !$��+ �1(�B	( *��E�
7#( - %01
,� !$��+ !� � �W ^# �1(�B	( � �'	( �N70#�� ,#_� �� #�� $� (
� Q� R	 
(
!� (� #-(
 3� ��8 - ag Y1(�[ <� � B; �$-�  70 #� � - _�  k�� *$ �1(� B	( $�;,� x+� 

X'	( '	*$ �6#Z[ �(3� �'	( ω �1(�B	( �̂ 5�� !� ��
�	�1

ω2 =
g
h

e=>(

ω2 =
(ρ2 − ρ1) g
(ρ2 + ρ1)h

e<

ω2 =
ρ h g

(ρ2 − ρ1)A
e?

ω2 =
(ρ2 − ρ1) g

ρ h
e$

�%#(H$($ *(�O h i� �FN*( - θ P� 0; � !*($P0; Q� R	 !� -* %� *��6� (* � �9� !� H*I -$ ��
�%06�,� ��* 
��
%� a
�T	 �� �) 
( (* 2 !� H*I - v0 = v0x̂ !� �0>-( '� +�	 � (* 1 !� H*I

� ��
 $�*�� *$ �6#Z[ �(3� �3#�0" μ (* *($P0; Q� R	 - @(*I 7#( 7� 0 V� �TRG( P� #�W

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���� �� �	 
� ��
� �!(�6#Z[365 !� ��
��
�

X'	( '	*$ *($P0; Q� R	 7� 0#�� � H*I -$ 7#( 
� 30	*

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

x

v0

2
1

θ

�3	*,� �N$-
 �h�B) 1 !� H*I e=>(
�3	*,� �N$-
 �h�B) 2 !� H*I e<

�36	*,� 
��
%� �h�B) H*I -$ e?
@*�G 7#( �� 0m *$ - a1 !� H*I e'	( Y1(�[ <�B; gf 3;� v0 <

√
2gh �� ,N*�G *$ e$

�3	*,� �N$-
 �h�B) 2 H�*I

,6��	 %� &� � v0 = 20.0 m s−1 '� +�	 � m = 0.010 kg ���� � ,T5�� !� �>�][ ��
�$�;, � ?*�/ 
� 
( 
� 
� $�� j(*� 	 
( 8� - 36�,� $*�/�  M = 0.100 kg ���� �  
�' 	( 10.0 m s−1 �*Z  !� H*I '� +� 	 �  ' 4 & 1 ^ 5� � !� H*I '� +� 	 a?-� / �� � " 6 �

X'	( *3O �5 $*�/� 7#( *$ H3;=]N ,� T01�T� !� :�1(

2.00 J e$ 1.45 J e? 1.36 J e< 0.00 J e=>(

!� �0>-( !� ��'+�	 � - eh1 �= h2f h2 i� �FN*( 
( !�"#$ - h1 i� �FN*( 
( ,T# �>�][ -$ ��
gf 3 ;�  2h1(v1 + v2)2 > gl2 �� ,N*� G *$ �3 1� ;,� <� N� � 
��
%� av2 - v1 ,� L\(

X'	( Q0EG �6#Z[ �(3� ae'	( Y1(�[ <�B;

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���� �� �	 
� ��
� �!(�6#Z[365 !� ��
��
�

xxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxx

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

v2

v1

h2

h1

l

�366�,� $*�/� �hJRO �>�][ -$ e=>(
�366�,�1 $*�/� �hJRO �>�][ -$ e<

�366�,� $*�/� %� � �>�][ -$ �hJRO a3;� v1/h1 > v2/h2 �� ,N*�G *$ e?
�366�,�1 $*�/� %� � �>�][ -$ �hJRO a3;� v1/h1 > v2/h2 �� ,N*�G *$ e$

-$ 7#( !� �]G�\�31$�[,� %� *�-$ 
�;Y� 1(�[ �� K( � am2 - m1 !� ����� � H*�B	 -$ ��
� (* Y1(�[ '�  �K - aT � (* H*�B	 -$ 7#( '� ��) !� H*-$ �'	( R '�  �K *�(3L� %� 
( H*�B	

X'	( '	*$ �6#Z[ �(3� �%0�$,� 
�91 G

T 2 = 4 π2R3 |m1 −m2|/[G (m2
1 +m2

2)] e=>(
T 2 = 4 π2R3 (m1 +m2)/(Gm1m2) e<

T 2 = 4 π2R3/[G (m1 +m2)] e?
T 2 = 4 π2R3 (m1 +m2)/[G (m2

1 +m2
2)] e$

*$ u(~�>�][ 30/�5,�1 70�
 �[( �� aH3; !�0[�1�91 
�65 ���; P� RO *$ ��N ^# ��
R0 �$*�/,� 70�
 � ���; P� RO 
( R0 !� �]G�\ � - φ0 ,� #�0\(�c� �� �d � !(�RL1
$*�/� !� �RL1 ,� #�0\(�c� �� �d a
�/�5 7� 0�
 !� (� �'	( 70�
 i� �J; 
( �N^5�� ,]0/
ag ���; P� RO *$ Y1(�[ <� �B; �$�;,� R ���; P� RO 
( $*�/� !� �RL1 !� �]G�\ - aφ

X'	( '	*$ �6#Z[ �(3� �'	( ω 70�
 Y� /�5 !� (�#-(
 3� ��8 - aT �>�][ 
�(- �� 
� ��


φ = φ0 - R = R0 e=>(

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���� �� �	 
� ��
� �!(�6#Z[365 !� ��
��
�

φ = φ0 − ω T - R = R0 e<
φ = φ0 - R = R0 + 1

6 g ω T
3 e?

φ = φ0 − ω T - R = R0 + 1
6 g ω T

3 e$

� �h4#�LN *�9\ � a��$%� �h4#�LN - e<� S� p�f �#r��1%�(�N�h4#�LN �� #�� ^# ,� >�"5 !� �R (* ��
,#��*(3L� P0 - B - ρ0 - a*�9\ P a,>�"5 ρ �� a'	( ρ = ρ0 [1 +B−1 (P −P0)] S� T;
Q� R	 *$ (�� *��9\ �'	( P <� *��9\ a��1�0O( ^# *$ h U� �+ � !(�RL1 *$ �31( ' �K
�� 7#( �� �\ � �'	( g ,91(�[ <� �B; - aρ0 ��1�0O( Q� R	 *$ <� ,� >�"5 aP0 ��1�0O(

X'	( '	*$ �6#Z[ �(3� aP � B

P = P0 + ρ0 g h−B−1 (ρ0 g h)2 e=>(
P = P0 + ρ0 g h e<

P = P0 + ρ0 g h+ (1/2)B−1 (ρ0 g h)2 e?
P = P0 + ρ0 g h+B−1 (ρ0 g h)2 e$

'� +� 	 a?-( !� � R L 1 *$ �$$� [, � !(H*� B 	 *�-$ S T ;, s 0  *�(3 � ^ # *$ , � & � ��
- v2 %&� 7#( '� +�	 a�0s) !� �RL1 *$ �'	( 2a H*�B	 �N u(~�]G�\ - v1%&� 7#(

X'	( *3O �5 (v2/v1) '� 4&1 �'	( a H*�B	 �N u(~�]G�\
√

3 e$ 3 e? √
2 e< 2 �e=>(�

!� (3G
� 306; �N b6	 
� 3; ��* 7� 0 
� ��
 - %#
(31(,� ,��5 
� -*$ � (* ,"6	 ���
- T � 2 s 306���\ �%0.6	,� �B��1-�� � (* eT f H�5 !� �N <� � Q� R	 � b6	 $�*�/� 
a% 0 6 � ��\ '#� q 1,  (* ,.6	
��
 '� O$ - @�G '� +�	 �[( �3 ;�  g = 9.8 m s−2

h1 �� 7#( *$ �� a'	( h0 + h1 + h2 H�5 ,� JO(- U� �+ � h0 = 0.5 gT 2 $�;,� H�5 U� �+
'� +�	 
� $� ,��6B� 
( ,;�1 Q� 0EAN h2 - a,.6	
��
 
� $� U0O$�1 
( ,;�1 Q� 0EAN
�3;� 0.1 s $�-3) ,.6	
��
 '� O$ - a330 m s−1 @�G '� +�	 306� ��\ �'	( @�G

X'	( '	*$ �6#Z[ �(3�

|h1| � |h2| � 10−1 m e=>(
|h1| � |h2| � 1 m e<
|h1| � |h2| � 1 m e?

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���� �� �	 
� ��
� �!(�6#Z[365 !� ��
��
�

|h2| � |h1| � 1 m e$

�0 0c N u(�1�T N a36� <r� !*�1 ,�&� �[( - a'	( � 1�T N - !:�1( S� ��) *� 1 ���
$*(- 
� � E/(c T ) !� - �01 a36� <r� E !� :�1( � !*�1 T @� 3� *$ ,�&� �[( �36�,�
�%0��1,� ,9 �N *��9\ 
( ,;�1 !� -�01 (* -�01 7#( �'	( *�1 '� +�	 c �� 7#( *$ �� a$�;,�
�� a3#�0" �v1 *$ ,&�; !� ���v6� *$ ρ ,� >�"5 - a i� �J; � H�� ^# S� T; � !(H*I
- ��H*�0	 
( ,\�� !� H
(31( � H*I 7#( 306� ��\ �'	( 30;*�/ Z� ��� 
( r !� �]G�\ *$
�'	( 30;*�/ �� 0K�DN '� EN ML\ �� !*�d a'	( *-$ ,&�; !� ���v6� !� ��V*�0	 - ����O

( ,;�1 !� -�01 e� �FG aY1(�[ !� -�01 e� �36�,� $*(- %&� 7#( � -�01 -$ 30;*�/
� �� '	( ,B �K K a�#
 !������\ �� ��N *$ X'&05 (FR/FG) '� 4&1 � FR a,9 �N *��9\

�e$*($ ,[�B& 30;*�/ !� ��,[Ht#- � �q6Nf $*(31 ,[�B& H*I !� ��,[Ht#-

K/(ρ r) e$ (K r)/a e? (K a)/r e< K/(ρ a) e=>(

'� �	 � !(H�� ,� ]/($ Q� R	 !� -* v0 %� g�O '� +�	 � A !� �RL1 
( m ���� � !(H*I ���
Q� R	 
( θ !� �#-(
 *$ H*I �� 3;� !*�d v0 '� +�	 306� ��\ �$�;,� <�N�� 70#� �
- a3#�0" v (* 
3; (3� !� �vE> *$ H*I '� +�	 - ag (* Y1(�[ <� �B; �$�; (3� H�� ,� ]/($

X'	( Q0EG �6#Z[ �(3� �30;�| %95 V�TRG( 
(

xxxxx
xxxxx
xxxxx
xxxxx

xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

R

g

v0

θ

A
v/v0 = 1/

√
3 e< v/v0 = 0 e=>(

v/v0 = 1/
√

2 e$ v/v0 = 2 cos θ e?


(Z#-� l �� �d � ,T4	 !� �]0� 
( �� '	( ,T5�� !� �1
- S� T; � H$�	 b� 1-� ^# ���
�� 04; eθmf u(�6�($ P� &) � eT f b1-� 7#( !� H*-$ *�($��1 �'	( g Y1(�[ <� �B; �'	(

X'	( ���6#Z[ 7#( 
( ^# �(3�

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���� �� �	 
� ��
� �!(�6#Z[365 !� ��
��
�

e=>(

θm

T
√

g/l

2π

π

1

e<

θm

T
√

g/l

2π

π

1

e?

θmθm π

1

e$

T
√

g/l

2π

T
√

g/l

2π

π

1

7#( - a'&01 *�� *$ ,��TRG( �$*($ *(�O ,L\( S� #* ^# !� -* m ���� � ,�&� ���
���6\ '�  �K �'	( H3; �B& 70\�d !� ��H*(�#$ � S#* � !
(�� �� 6\ -$ � k�d -$ 
(%&�

X'	( �(3� %&� 7#( !� ��
�	�1 3� ��8 �'	( k2 - k1

1
2 π

(√
k1

m
+

√
k2

m

)
e< 1

2 π

√
k1 + k2

m
e=>(

1
2 π

∣∣∣∣∣
√
k1

m
−
√
k2

m

∣∣∣∣∣ e$ 1
2 π

√
|k1 − k2|

m
e?

�� �"6� �>�][ $�;,� x+� �� '&� ,]T;20�*�� !� ��*�0; b6FN !� �>�> !� �N ���
2 ��*�0; 7#( - a3;� 50 cm �>�> �� �d 306� ��\ �3/�w u*�E� *�-$ � �>�> 
( ?- �/
*-$ -$ �hL0O$ �>�> 
( ?-�/ �� �"6� �� 36� '��) 
�65 �>�> !� �N �>�][ - a361Z S��� *�-$
(* �>�][ ,� >�LB1( ,� 946� !� :�1( �3#�0" 0.5 cm �� RO � !(�1(�B	( (* �>�][ �3;� H30/�5
�N^#$Z1 $3+ �(3� � (T1/T2) '� 4&1 �%0��1,� T2 (* �>�][ ,� 1(*-$ ,� 946� !� :�1( - T1

X'	(
500 e$ 50 e? 5 e< 0.5 e=>(
,1
-, �� �&)( a31$�[,� 70�
 *�-$ � ,#�s\ !� ���60F	 *$ �� ,#��$*�1�s\ ���

�(�#
 a366�,�

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���� �� �	 
� ��
� �!(�6#Z[365 !� ��
��
�

�'	( �FG 70�
 Y� 1(�[ !� -�01 70�
 ��� 
( 
-�0 e=>(
�$�;,�1 ��&)( 70�
 Y� 1(�[ !� -�01 70�
 ��� 
( 
- �0 e<

'��) <�B; ^# � e31( Y1(�[ �� K( '� EN ML\ ��f ��$*�1�s\ ��  - *-$ �� �&�( !� ��� e?
�366�,�

�36�,� �p6/ (* 70�
 Y� 1(�[ !� -�01 30;*�/ - H�� Y� 1(�[ !� -�01 e$

� �� ,#-�01 �q6N �36�,� '��) x *��E� $� (3B�( *$ m = 0.01 kg ���� � !(H*I ���
�'	( U(x) S� 0&1�B� !� :�1( 
( ,;�1 !-�01 $�;,� $*(- %&� 7#(

U(x) =
{

0, x ≤ 0
−a x√x, x ≥ 0

x0 = 16 m !� �RL1 *$ H*I t = 0 !� �vE> *$ �'	( a = 0.005 J m−3/2 �� 7#( *$ ��
7#( ,1��
 �5 *$ �36�,� '��) ,F6� !�� x '� �	 � v0 = 8 m s−1 '� +�	 � - '	(

X3	*,� ex = 0f (D34� � H*I

t = ∞ e$ t = 8 s e? t = 4 s e< t = 2 s e=>(

�36�,� $*�/� M ���� � ,6��	 !� H*I � K ,� 946� !� :�1( � m ���� � !(H*I ���
$*�/� 7#( *$ �$�;,� H36�(�� �0>-( '� +�	 *�($� � '4&1 θ !� �#-(
 � !$-�\ !H*I

X'	( *(�O� α - θ 7� 0 !(�R (* �5 �$�;,� =]N αK !� :�1(

1 − α2 −
(m
M

)2

sin2 θ ≥ 0 e=>(
1 −

(m
M

)2

sin2 θ ≥ 0 e<
1 − α−

(m
M

)2

sin2 θ ≥ 0 e?
1 − α− αm

M
−
(m
M

)2

sin2 θ ≥ 0 e$

H*I 7� 0 V� �TRG( 306� ��\ �$*($ *(�O L �� �d � !(�]0� !� �qB1( *$ ,T5�� !� H*I ���
!� �#-(
 
( (* �]0� �$Zc>,�1 �]0� !� -* H*I �� '&� *3O 
� u*(3L� - a'	( ,L\( �]0� -
θ �'	( H3; _�> 70�
 � �]0� �� "#$ !� �qB1( �36� {�L	 �N %06�,� ��* U\( � '4&1 θ

X$�91 (3� �]0� 
( H*I a�-( !� �vE> *$ �N 3;� *3O�5 %�'	$
cos−1(1/3) e$ cos−1(2/3) e? cos−1(

√
2/3) e< cos−1(

√
3/2) e=>(

X'	( '	*$ 
��+ !� �#*$ S� )�	 *$ 3�-*r� $�*�� *$ ���6#Z[ 7#( 
( ^# �(3� ���

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg



�� ���� �� �	 
� ��
� �!(�6#Z[365 !� ��
��
�

*�3 - �1 H��� �� �"6� ��3�-*r� 7#�N!�O �3�$,� j* 3� -$ - *r� -$ 
- *�1�4; �� e=>(
�'	( S���

- a� 1 H�� � �� � " 6 � � �3 �-*r � 7 #� N!� O �3 �$, � j* 3 � -$ - *r � -$ 
-*� 1� 4 ; � � e<
�'	( S��� *�3 �� �"6� ��3�-*r� 7#�N=0JW

*�3 - �1 H��� �� �"6� ��3�-*r� 7#�N!�O �3�$,� j* 3� ^# - *r� ^# 
-*�1�4; �� e?
�'	( S���

- a�1 H��� �� �"6� ��3�-*r� 7#�N!�O �3�$,� j* 3� ^# - *r� ^# 
-*�1�4; �� e$
�'	( S��� *�3 �� �"6� ��3�-*r� 7#�N=0JW

https://staff.alzahra.ac.ir/aghamohammadi

https://www.youtube.com/channel/UCFGDlcj-NiSA_o4AeVtfkSg


