
Kapitel 14 

14.7. When a body of unknown mass is attached to an ideal spring with force constant 120 N/m, it is 
found to vibrate with a frequency of 6.00 Hz. Find (a) the period of the motion; (b) the angular 
frequency; (c) the mass of the body.

a) � = 1 �� = 0.167 �   

b) � = 2�� = 37.7 �	
  
c) � = �


� = 0.0844 �� 
  

 
14.9.

 

An object is undergoing SHM with period 0.900 s and amplitude 0.320 m. At t = 0 the object is at 
x = 0.320 m and is instantaneously at rest. Calculate the time it takes the object to go (a) from x = 
0.320 m to x = 0.160 m and (b) from x = 0.160 m to x = 0.

 �(�) = � cos �� 
a) �(�) = 0.160 � � cos � � = �.���

�.��� = �
� � �� = �

� � � = �
�
 = ��

�� = �
� = 0.150 � 

b) �(�) = 0 � cos � � = 0 � �� = �
� � � = �

�
 = ��
�� = �

� = 0.225 �  
 0.225 � 0.150 = 0.075 � 
  



 

14.24.

 

A small block is attached to an ideal spring and is moving in SHM on a horizontal, frictionless 
surface. The amplitude of the motion is 0.250 m and the period is 3.20 s. What are the speed and 
acceleration of the block when x = 0.160 m?

 � = ½��!� + ½��� = ½���        � = 2�"#
�   

 �! = " �
# $ (�� � ��) = ��

� %(�� � ��) = 0.377 �/� 

 	! = &'
# = � �!

# = � ���!
�� = �0.617 �/�� 

  

 
14.27.

 

A 0.500-kg glider, attached to the end of an ideal spring with force constant k = 450 N/m, 
undergoes SHM with an amplitude of 0.040 m. Compute (a) the maximum speed of the glider; (b) the 
speed of the glider when it is at x = -0.015 m; (c) the magnitude of the maximum acceleration of the 
glider; (d) the acceleration of the glider x = -0.015 m; (e) the total mechanical energy of the glider at 
any point in its motion.

 � = �
� ��� = �

� ��!� + �
� ���                  � �� = �	!  

a) �!,#*! = �� = " �
# $ � = 1.20 �/�  

b) �! = " �
# $ (�� � ��) = ±1.11 �/� 

c) 	!,#*! = ��� = �
# � = 36 �/��  

d) 	! = � �!
# = +13.5 �/�� 

e) � = �
� ��� = 0.360 - 
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a) � = 9
� = �.�

:.� = 1.2 �/�   
 
b) � = �.��

� = 0.31 � 
 
c) �;;� <;>� 
?��	��	 @�A� 	�B;>�@
?C �A� <;>� 0.15 �   
  

 
 
 
 
 
 
 
 
 

 
D(�, �) = � cos 2� E!

9 � F
�G  

a) � = 6.50 �� 
b) H = 28.0 I� 
c) � = �

� = 27.8 JK 

d) � = �H = 9
� = 7.78 �/� 

e) � ��	��ö� �>
��?��?C � ;äC�� 
?C BA�>�>�	 �-	�?;C 
  



 
 
 
 
 
 
 
 
 
  
 

 L = �.���:
�.M:� ��/���

a) � = "&
N = �H � O = L(�H)� = 18.7 P 

b) � = �H = 29.1 �/� 
 
  

 
 
 
 

 

 R*S = �
� L(��)�� = &(
T)�

�S � � = "�SUVW
&
� = 4.51 ��  

  



 
  
 
 
 
 
 
 

�X = XS
�Y ;     HX = 2[ C�   

 
a) �� = S

�Y = 16.0 JK;     H� = 2[ = 3.00 � 

b) �� = 3�� = 48.0 JK;     H� = H� 3� = 1.00 �   
c) �� = 4�� = 64.0 JK;     H� = H� 4� = 0.75 �   
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
a) � = 2[�� = 311 �/� 

b) � = "&
N A� O ö�	� �?
 1% ö�	� � �?
 ?C �	��A� ]1.01 AI^ 
ä��?
 ä�?C ��    

 ��_ = �� $ ]1.01 = 246 JK 
c) � = �H  ��?��?C�?C Bå�?��	� >C�? � 9`abd

9 = S`abd
S  � HefgF = 1.40 � 
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 hefgF = 1.42 $ 10: R	;     iefgF = 1.20 ��/�� 

a) j = �
� i(��)�� = �

� %ih(��)� � � = " �k
%lm
� = 9.44 $ 10n�� �; H = S

g = �
g "m

l = 0.434 � 

b) � = " �k
%lm
� = 5.64 $ 10np � 

 H = �
g "m

l = 0.101 � 

c) De mycket tätare vattenmolekylerna behöver en mindre amplitud för att överföra  
 samma mängd energi. 
  

 

 
 �X = XS

�Y ;     HX = 2[ C�      öBB?C B>B	     

 �X = XS
�Y ;     HX = 4[ C�       C @

	    �;@�?C B>B	 

 � = 344 �/� 
a) [ = S

�gq = 28.9 I� 

b) H� = 4[ = 1.16 �  
c) �� = S

�Y = 297 JK 
  



 

 
 � = 344 �/� 
 |�T � �m| = (C + ½)H;     H = S

g  � |�T � �m| = 2.00 $ (C + ½) 

 r>C��	 �ä�
?� Bå �m ^>��	� 
å �m <  �T � �m = �T � 2.00 $ (C + ½) 
 r>C��	 �ä�
?� Bå �m ^>��	� Cä� C = 3 � �m = 1.00 �    
  

 
 
 
 
 

   � = 344 �/� 
 � = S

 9         �uv*F = |�T � �m| = w S
9x � S

9yw = 16.2 JK     

 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  �_ = � $ SnSz
SnS{        � = 344 �/� 

a) �_ = 392 $ ���n�:.�
��� = 375 JK  b) �_ = 392 $ ���}�:.�

���}�:.� = 371 JK 
c)    �uv*F = |�* � �u| = 4 JK  

 
 
 
 
 
 

 
 
 
 
 
 

  �_ = � $ SnSz
SnS{        � = 344 �/� 

 � � �Y = � g~
g � �Y = � E1 � g~

g G = 19.8 �/�    

 
  



 
 
 

  �_ = � $ SnSz
SnS{        � = 344 �/�   

a)  �_ = 262 $ ���}��
���n�� = 302 JK       b) �_ = 262 $ ���n��

���}�� = 228 JK 
  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
  � = 344 �/�;      �� = 1.70 $ �   
 
a) sin � = S

S{ �  � = sinn� �
�.M� = 36.0° 

 
b) tan � = �

! � � = �
��� �          �� = !

S{ = �
�.M�$S ��� � = 2.24 � 
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 sin Å = �H;       Æ Ç D � sin Å ³ tan Å = ÈÉ
Ê      �      
 = ��$9Ê

È�Ë = 1.14 ��   

EÅ = tann� ÈÉ
Ê = 0.51° ä� ?C ;>�?C �>C�?;; tan 0.51° = 0.00883; sin 0.51° = 0.00883G  

  

 
  
 Æ Ç D � D#}½ = (#}½)$9Ê

Ì � ÍD = 9Ê
Ì � 
 = 9Ê

ÍÈ = 193L�  

  



 
 
 
 sin Å = (� + ½)H;   
 Ç H � D#}½ = (#}½)$9Ê

Ì  �  ÍD = 9Ê
Ì = 833L�   

 

 
 
 Ç H � D# = #9Ê

Ì    
 ÍD� = (9qn9�)Ê

Ì = 3.17 �� 
  



 
 

 
Î?���@��>� �?�;?��>AC (<å
	 �?�;?��>AC?�C	 �A� �ä�	�? �?
>@�) � 2� = (� + ½) 9

X   

r>C�� A� � = 0 � � = 9
�X = �:�

�$�.�� = 114 C�  
  

 
 
a) D� = � $ 9q

� = 818 $ ���
� = 247854 C� = 248 L�  

 D� = �� $ 9�
� = 818 $ :��

� = �205318 C� = �205 L�  
b) �A�	; �ö��;D��C>C� 248 � 205 = 43 L�  
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 	 sin Å = �H;     � = 1;    Æ Ç D � H = *È

Ê = 506 C�  
 
  

 
 
 	 sin Å = �H;     � = ±1;    Æ Ç D � ÍD±� = �Ê9

* = 5.91 ��  
  



 
 
a) 	 sin Å = �H;    = ±1;    	 Ç H � ÍD±� = �Ê9

* = 10.9 �� 

b) ÍD�,� = Ê9
* = 5.43 ��  

  

 
 
a) 	 sin Å = �H;    = 1;    	 Ç H � D� = Ê9

* = 6.75 �� 

b) j = j�
ÏÐ��EÑ

�G
EÑ

�G� ;     = ��* ÏÐ� Ò
9         

 
?C �ö��	 �>C�?;C �?� 	�    	 sin Å = ½H � Ó = ��½9
9 = � �     

 j = j�
ÏÐ��EÔ

�G
EÔ

�G� = j� �
�� = 2.43 $ 10n� Õ/�� 

  



 
 

 j = j� Öcos� E×
�GØ ÏÐ��EÑ

�G
EÑ

�G� ;     Ù = ��Ì ÏÐ� Ò
9 ;     Ó = ��* ÏÐ� Ò

9   

 Æ Ç D � sin Å ³ tan Å = È
Ê � sin Å = 0.0012   

 Ù = ��Ì ÏÐ� Ò
9 = 8.4956 �	
;      Ó = ��* ÏÐ� Ò

9 = 5.7611 �	
     

 j = j� Öcos� E�.�p:�
� GØ ÏÐ��EÚ.ÛÜqq

� G
EÚ.ÛÜqq

� G� = j� $ 0.2008 $ �.����
�.�p� = 0.001612 $ j� = 8.06 $ 10nM Õ/�� 

  

 
a) 
 sin Å = �H � P = ��Ý�

Ì = ��Ý�$ÏÐ� Ò
#9 = 4790 ritsar/cm 

 
 = #9
ÏÐ� Ò = 2.0856 L� 

b) Å� = sinn� 9
Ì = 19.1°;    Å� = sinn� �9

Ì = 40.8°;         
c) Å� = sinn� �9

Ì  �?C �9
Ì = 1.31 > 1, 
. �. �. 4: 
? A�
C>C�?C �DC� >C�?   

  



 
 
 
 sin Å = �H � 
 = �9q

ÏÐ� Òq   

  
 sin Å� = �9�

Ì = �9� ÏÐ� Òq
�9q = 0.3453 � Å� = 20.2°  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

a)  Æ� = �P = 1 $ 3.50 $ 5.00 $ 10� = 17500 
b) H� = 589.00 C�;   H� = 589.59 C�;     �H = 0.59 C�        
 9

á9 = :�p
�.:p = 998 â 17500   ã>���?� ;ö�?� ;ä�� @BB ;>Cæ?�C	     

c) Æ� = 2 $ Æ� = 35000;      �H = 9
Ê� = 0.0168 C� 

 H + �H = 587.8170 C� (>);           H � �H = 587.7834 C� (>>)    
 587.7834 C� < H < 587.8170 C� (>>>)  
  



 
 
 9

á9 = :�M.��p�
�.�M�� = 3303 
. �. �. �>���?� �å��? ^	 ?C @BB;ö�C>C���ö��å�	 Bå �>C�� 3303  

 Æ = �P � �>���?� �å��? ^	 �>C�� 3303 �>��	� � ����
�.�� = 2752 �>��	� I�ç  

 Î?� <?^ö�� �>C�� 2752�>��	�/I� 

  

 

 
 
 Å = �.��9

è ; Å ³ �	CÅ = !
Ê � Î = �.��9Ê

! = 1.45 �   
 


