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�’	ë��	ë  : mm xv  w=  (4.4). 

 
�ã�’	ë�ã�’	ë�ã�’	ë�ã�’	ë  

)],sin([)( fww +-== tx
dt
d

dt
dv

ta m  

.)]cos()( 2 fww +-= txta m   (4.5) 

�ã�’	ë��	ë  mm xa 2w=  (4.6). 

 
 
�Ð���ï�±�Ó���•���á�+���ï�—�!�n
÷
"	z
D�¶�¯	1 �–  
 



 7

4.2 �á�+���ï	1�:�s	ó  
 

 
 

�Õ���+���f
a  m ���‘
w���Ý	1���¤�:	1�±�Ç�¬�^�é	1�á�+���ï �–  
 

kxF -=  (Hook’s Law)  (4.7). 
 
�Ä�E�s	ó �š  
 

.makxF =-=  

.0
2

2
=+ kx

dt

xd
m  

.0
2

2

=+ x
m
k

dt
xd  (4.8) 

 
�º���á�+���ï	1���ï�±�Ó  

w2 =
k
m

.  (4.9) 

���f  m 	1	"�ï�^�é�á�+���ï
"�9�+�:�¬���| �”�¼�:�%�º�Í�!�ï�� �”	¥�±�{
Œ�˜ �–  
 
�á�n
÷ �š  

m
k

= w   (4.10) 

�L�Z �š  

k
m

T p2=   (4.11) 

 
��������  4.1 
 
���f  m 
a  680 g 	1�±�Ç�‘
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a  65 Nm-1 	1���Ý �–�7�����š  x = 0 �®�ï�±�Ç�ß
�O�& x = 11 cm�”�{�l�˜�‡�0�´�:�—�Í  t = 0 �´�±�Ç	1�’	ë  = 0�–  
(a)  �£�6�r�h�´���4�Í�±�Ç�B	1�: �›  
(b)  �£�¡�ï	1�á�n
÷ �”�n
÷�—�L�Z �›  
(c)  �£�¡�ï	1�¡�� �›  
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�à�Â �š  
(a) N 2.711.065 -=´-=-= kxF    
(b) 1-s rad 78.9

68.0
65

===
m
k

w   

    Hz 56.1
2

==
p

w
f   

 s 643.0
1

==
f

T   

(c) cm 11=mx   

(d) -1ms 08.1 == mm xv w   

(e) 2-22 ms 10.5  0.1178.9 =´== mm xa w   

(f) At t = 0, 11.0cos)0( == fmxx   (1) 

         0sin )0( =-= fw mxv   (2) 

 (2): 0sin =f  �  0=f   
 
��������  4.2 
 
�Í  t = 0 �´�”�+�µ�¤�¡�ï�±�Ç	1�ï
2  x(0) 
a  – 8.50 cm�–�’	ë  v(0) 
a  – 0.920 ms-1�—�ã�’
	ë  a(0) 
a  47.0 ms-2�–  
(a)  �Ó�-	1�á�n
÷  w �—�n
÷  f �›  
(b)  �£
Œ�ï
D�G  f �›  
(c)  �£���ï�¡��   xm �›  
 
(a) �]  t = 0, 

.085.0cos)cos()( -==+= ffw mm xtxtx        (1) 

.920.0sin )sin( )( -=-=+-= fwfww mm xtxtv    (2) 

.0.47cos)cos()( 22 +=-=+-= fwfww mm xtxta  (3) 

(3) ̧  (1): .
)0(
)0( 2w-=

x
a  

.s rad 5.23
0850.0

0.47
)0(
)0( 1-=

-
-=-=

x
a

w  (�à�Â ) 

(b) (2) ̧  (1): .tan
cos
sin

)0(
)0(

fw
f
f

w -=-=
x
v  

.4603.0
)085.0)(51.23(

920.0
)0(

)0(
tan -=

-
-

-=-=
x

v
w

f
 

f  = –24.7o or 180o – 24.7o = 155o. 
�‡  (c) �•�ï�´  2 �à�Â�Z�7�!  1�–  
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(c) (1): 
.

cos
)0(
f

x
xm =

 

For f  = –24.7o, .cm49 m 
)7.24cos(

085.0
 .x om -=

-
-

=  

For f  = 155o, .cm49m  
155cos
085.0

 .x om =
-

=  


U xm 
a�%�”  f  = 155o �— xm = 9.4 cm. 
(�à�Â ) 
 

��������  4.3 
�+���f  m 
/	ë���A	1�g�™� �†���Ë�Í  2 �!�v�’���ï �•�ï�œ�P�s	1���W  A �— B �B�™���V
�g���¨	1�O�&  L = 2.0 cm�–�����V�g���3�6�ï�—�!�ï�0�´�Ó�G  mk = 0.40�–�{�g�W�½����
�ï�1�O�&  x�”���)�Ë�Ó�- �–�£�g�W�‡�½���±�{���á�+���ï  (	›�—	õ ) 	1�á�n
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B

F
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F
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=- mm  

�Õ��  A �š�B	1���"  
.000)(20 =×+×++-×+×=� kB

f
kA

fxLmgL
B

F
A

Fzt  (3) 

or ).(2 xLmgLFB +=×  

(3): .
2

)(
L

xLmg
FB

+
=  

(1): .
2

)(
L

xLmg
FmgF BA

-
=-=  

(2): .)]()([
2

maxLmgxLmg
L
k =--+

m  

2
0.

2

gd x k x
Ldt

m
+ =  

�º���á�+���ï   02

2

2

=+ x
dt

xd w  �”  
L
gkm

w =2 , 

.s rad 14
02.0

)8.9)(40.0( 1-===
L
gkm

w  (�à�Â ) 
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4.3 �á�+���ï�m	1�h�f  
 
�¨�h �š  
 

U ),cos()( fw += txtx m

 

 

U t kx kx tm( ) ).= = +1

2

2 1

2

2cos (2 w f  (4.12) 

 
�ï�h �š  
 

U ),sin( )( fww +-= txtv m

 

 

).(sin)( 222

2

12

2

1 fww +== txmmvtK m
 (4.13) 

 

U w2 =k m/ , 
 
K t kx tm( ) ).= +1

2

2sin (2 w f  

 
�²
³�h �š  

E U K kx t kx t

kx t t

m m

m

= + = + + +

= + + +

1

2

2 1

2

2

1

2

2

cos ( sin (

[cos ( sin (

2 2

2 2

w f w f

w f w f

) )

) )].

 

 

U cos ( sin (2 2w f w ft t+ + + =) ) ,1  

 

E U K kxm= + = 1

2

2 .   (4.14) 

 
 
(a) �™�Í�µ�¤�á�+���ï�m �”�¨�h U(t)�”�ï�h  K(t)�”�—�²
³�h  E 
a�´�t	1�$�G�´ �”�ù�à�¬
�¶	1�h�f
a�%�G �”�¢�+�!�L�Z �”�¨�h�—�ï�h�Ÿ�¶  2 �»	1�}�� �– (b) �™�Í�µ�¤�á�+���ï
�m�”�¨�h   U(t)�•�ï�h  K(t)�•�—�²
³�h  E 
a�ï�œ	1�$�G �”�Ð�—�¡��
a  Xm �´�”�™�Í  x = 0 
�¬�¶�h�f
ƒ
a�ï�h �”�™�Í  x = ±Xm �´�”�¬�¶�h�f
ƒ
a�¨�h �–  
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4.4 �²
³�h�"�²
³�h�"�²
³�h�"�²
³�h�" 
�
�
�
�  
 
�Õ�����f	1�Š�{���ï �–  
���4�Ä�E���ï�s	ó �”  

,sin 2

2

dt
d

mLmamg
q

q ==-  

d
dt

g
L

2

2
0q q+ =sin .  (4.14) 

 
�]�â�­�‡�+�Þ�[	1�á�p�t�­�ï�´ �” sinq q» . �¬
�Ð 
 
d
dt

g
L

2

2
0q q+ = .

  (4.15) 

 

�º���á�+���ï	1�±�Ó �”  
L
g

=2w  �— 

T L
g

=2p .
 

 
5  ���¨���¨���¨���¨  
 
5.1 �s�   
 
	"�ï�¨�•�ï�Ó�-	1���¨
"�+�š �”�!���ï�	�•
�d�• 	"���Ÿ�ƒ�m�‡�!�m �”���¬�¶���:�Ÿ���4
�‡�!�B�+�L �–  
 
 
�™�Í  2 �!�(�W �–  
 

.2211

21

2211

M
xmxm

mm
xmxm

xcm
+

=
+
+

=  

 
�™�Í  n �!�(�W �”  
 

.11

M
xmxm

x nn
cm

++
=

�
 

 
�Ð�@�f�n�¤���+�s	d�B �”  
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 .
1

1
�=
=

n

i
cm irim

M
r

��
 (5.1) 

 

É�(�W�‡�A�ï�ñ�m �”
Œ�™�Í���¨	1���"
a�? �–�‡�ã
�’	ë�ö�Õ�Ó�m �”�­�¤�:�M�ñ���4�u�L	1�±	� �–  
 
�ž�Ô �š  

0)()()(
111

=´-=´�-�=´� -=
===

grMrMgmrrmgrrm cmcmcm

n

i
i

n

i
ii

n

i
cmii

����������
t  

 
5.2 �6�ï  
 

� �

�

� � dVz
M

dmz
M

z

dVy
M

dmy
M

y

dVx
M

dmx
M

x

cm

cm

cm

 
11

, 
11

, 
11

r

r

r

==

�
�
� ==

==

 (5.2) 

 
�!�m  r  
a���f
/	ë �–  
 

É	"�ï
a�A
/	ë  
 

.
V

M

dV

dm
==r   (5.3) 

 
�d�
  dVdm r= �— Vm r= �”
S  
 

�

�

� .
1

,
1

,
1

dVz
V

z

dVy
V

y

dVx
V

x

cm

cm

cm

=

=

=

 (5.4) 

 

Œ�ÿ�Í�•�(�W�Ó�- �”
É�6�ï�‡�A
ù�:�ñ�p�m �”
Œ�™�Í���¨	1�����"
a�? �”
w�ß�Í	z�A

/	ë	"�ï�H
S�u�L�è�à �”�•
c		�H���4�Í�­�¤�: �–�ž�Ô�±	��V�•�(�W�Ó�-�m
Œ�u �”�ý
�Á�Ð�è�‰�Ö�Y���I �–  
 

�y 9.1(b) �¹�ª�g
ú�g�ß	<�m �”�!���¨
	��¹	"�µ�é�^ �”���g	1�!�Ô�ï�œ	1
���ï
a
Œ�]�ä�'	1�´�µ���‰ �–  
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5.3 �•�(�W�Ó�-�m	1�Ä�E�#�2�s	ó  
 
�Ð X-Y-Z �‰�f��	d��  
 

.

,

,

,,

,,

,,

zcmzext

ycmyext

xcmxext

MaF

MaF

MaF

=�

=�

=�

  (5.5) 

 
 

 
 
 
 
5.4 �µ�ï�f  
 
�™�Í�â�+�(�W �”�µ�ï�f
a  
 

.vmp
��

=   (5.6) 
 
�Ä�E�s	ó �š  
 

.)( 
dt
pd

vm
dt
d

dt
vd

mamF
�

�
�

��
===� =   (5.7) 

�•
"�Ä�E�#�2�s	ó	1�È�O���n�¤ �”�H�4
ê�1���f	1�•�â �–  
 

.if ppdtFI
���

-=�= �   (5.8) 

�ï�f�•�â�Û�Í�:�Í�´�t�B	1�è�‰ �”�¨�â�f  
 
�™�Í�•�(�W�Ó�- �”���µ�ï�f  
 

�y  9 –8 �+�!�X	C  (�7  Physics of Dance, by Kenneth Laws.  Schirmer Books, 1984) 
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.111 nnn vmvmppP
�

�
��

�
��

++=++=   (5.9) 

 
�™���¨�ï�œ	1�Þ�‰  
 

.11 nncm vmvmvM
�

�
��

++=  

 
.cmvMP

��
=   (5.10) 

 
�•�(�W�Ó�-	1�µ�ï�f�Û�Í���Ó�-	1�����f  M �—���¨�’	ë	1�è �–  
 
�¨�4�Ä�E�s	ó�Í�(�W�Ó�-  
 

,)( �+=
¹ ij

ij
ext

iii FFtam
���

 

 

� ��

�

��

�
�

	


�

�
+==�

=�

===

¹i ij
ij

ext
i

i
ii

i
ii

i
i

i
ii

FF
M

am
M

A

vm
M

V

mMxm
M

X

����

��

��

11

1

)(,
1

�����f

 

�Å�•�Ä�E�#�2�s	ó �”  jiij FF
��

-= . �¬�Ð  

 
0=�

¹ ij
ijF

�
   (5.11) 

�— 

M
F

F
M

A
ext

tot

i

ext
i

�
��

=��
	


�
� +�= )0(

1
 (5.12) 

 
 

 
 
�Ä�E�s	ó �š  
 

.cmaM
dt
cmvd

M
dt
Pd �

��
==   (5.13) 

 
�‚�¼  
 

.
dt
Pd

Fext

�
�

� =   (5.14) 
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É  0 � =extF
�

, �Ê 
D�G== �
i

ii vmVM
��

  (5.15) 


É���:
a�? �”�Ó�-	1���ï�f�š
� �–  
 
5.5 �i�·	1�6�ï  
 
�6�ï����	1���Š�—�é
�
º�Y
" �”�™�Í�Z�à�:�š  (�­�š ) �B�!�Í���:   = 0 �—�Í���"  = 0�–��
�]�†�G�7�:�š�¶�´�ñ
2
��2�á�• �–
D�4	1�~��
"�7�"	5���:	1 ���4�š
a�:�š �–  
 
��������  5.1 
�A
/	ë�g	o   2l �—���f   m �+�·�$�Ð���ƒ�½���‘�è �”�ü�+
�$	ž�P�s�Í�å�B �–�£�ƒ�B	1�®�:�—�g�@�$���4�Í�å�B	1
�:�–  
�à�š  
�•�y�B �–�G�@�$�š
a�:�š �”
��"	5�:�@	1���"
a�? �–����
�®�:�—
ù�:���3	1���" �”  
mglsinq  - Tlcosq  = 0, �¨  T = mg tanq 
 
�{  X-Y (�½���+	¿	4 ) �±�{�‰�Þ  F

�
 �”
S   Fx = T, �— Fy = mg�–  

�f
á�5
”�Ò�ñ�Ç
ü�¶�
	1��
c �”�Ð�!�Ô�š
a�:�š�f�Õ�����"	1���� �”�Ç
ü�B
ê�¬
S	1
�à�Â
2�è�é���"�p���� �”�l�õ�G�ö�š
a�:�š �”�•�g	1�m�¨�¨�g	1�B�·�$ �–  
 
���ñ�ž�Ô�@
ê	1�…�Ô�¯ �›  

É�6�ï
"�i�·	1 �”
Œ�™�Z�ö�­�š�B	1�����"
a�? �–  
 
5.6 �µ�ï�f�š
�  
 

É�•�(�W�Ó�-
a�p�E  (�²�¶�Z�ö���: ) �—	Þ�¨  (�²�¶�Z�ö�(�W�ñ�&�r�¨�^�5�Ó�- ), �Ê 
 

.constant=P
�

  (5.16) 
 
�µ�ï�f�š
��s	ó �–  
 

.fi PP
��

=   (5.17) 

 

q

gm
�F

�

T
�

q

gm
�F

�
q

gm
�F

�

T
�
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�y 9-12 (a) �œ	<�M�‘�„	"�*�Ð�’	ë  vi  
���é �– (b) �œ	<�M�t�à�œ	<�* �”	ž
�œ	<�M�Ð�’	ë  vf ���é �”���™�„	"�*
	1
Œ�™�’	ë
a  V �–  

�y 9-13  2�±�Ç�i �· �Í �¤�0�´ �: 	d

ÿ�”�Ð���Ý�‘
w �”�®�r	õ �”�7�i�·
�r�h�)�Ë �–�‡�ž�!���Ó�m �”�!�µ�ï
�f�@�f	1���I�¨
a�? �–�Ó�-�°
z�•

��������  5.2 
 
�ã�]�+�œ	<�M�—�„	"�*�����f  M, �Ð
Œ�™�Í�œ�z	1�’	ë  vi = 2100 km/h �Í
á	<���é �–�‡
�+�!�Þ�[	1�h
f	õ �”�œ	<�M
2���f
a �³ 0.20M 	1�„	"�*�t�à �–�œ	<�M�Ð�º�„	"�*�v   500 
km/h 	1�’	ë���é �”���œ	<�M�™�Í�„	"�*	1
Œ�™�’	ë
a  500 km/h �”�£���M
Œ�™�Í�œ�z	1
�’	ë vf �–  
 
 
 
���4�µ�ï
"�š
�  

fi PP =  

frelfi MvvvMMV 8.0)(2.0 +-=  

relfi vvv 2.0-=  

relif vvv 2.0+=  

= 2100 + (0.2)(500) 
= 2200 km/h (�à�Â ) 
 
��������  5.3 
 
2�±�Ç�Ð�+
û�ã���Ý�‘�è �”�����!�Í�¤�0�´�:	1�½��
ÿ�B�Þ�7�6�ï �–�±�Ç 1���f
a   m1 �—
�±�Ç 2���f
a   m2�–  ���±�Ç�Ð
Œ�˜�±�{�®�r  (�®�9���Ý ) �”�p	õ�7�i�·�r�h�)�Ë�Ó�- �–  
 
(a) �]�±�Ç�p�t	1�O�&�‡�Ÿ�´ �”�£   v1/v2 	1�º�� �”�!�m   
a�±�Ç 1 �—�±�Ç2	1�’	ë �–  
(b) �]�O�&�‡�Ÿ�´ �”�£�±�Ç�ï�h	1�º��   K1/K2? 
 
 
�à�Â �š  
(a) ���4�µ�ï�f�š
�  

fi PP =  

22110 vmvm +=  

1

2

2

1

m
m

v
v

-=   

 

(b) 
1

2

2

1

2

2

1

2

2

1

2

1

2
22

2
11

2

1

2
1
2
1

m
m

m
m

m
m

v
v

m
m

vm

vm

K
K

=


�

�
��
�

�
-=



�

�
��
�

�
==   
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�y 9-14  3�Â�+�r	1���W�‡�¤�0�´�:
	1�†
ÿ�{  3 �!�±�{�è  (a) 
U�B
ÿ� 

Ž���Y  (b) �§ 2�B�W�1�Þ
Œ�u�Ó�- �–  

��������  5.4 
 
�+���f   M,	1���W�m�{�5�.
g �”�i�·�Ë�Í���6	1�†
ÿ�B �–�h�r	õ�‰�« 3�‰���‡�†
ÿ�B�6
�ï�–�y�¬�B	1
a
U�B� 
Ž�p���] �–�[�Â C ���f
a   0.30M�”�!�È	õ	1�’	ë  vfc=5.0ms-1. 
 
(a)  �£�[�Â  B 	1�’	ë �”�!���f
a 0.20M�›  
(b)  �£�[�Â  A 	1�’	ë �›  
 
�à�Â �š  
(a) ���4�µ�ï�f �”  
(b) fxix PP =  

fyiy PP =  

050cos80cos oo =-+ fAAfBBfCC vmvmvm  (1) 

050sin80sin oo =- fBBfCC vmvm   (2) 

mA = 0.5M, mB = 0.2M, mC = 0.3M. 
(2): 050sin2.080sin3.0 oo =- fBfC MvMv  

1-1-
o

o

ms 6.9ms 64.9
50sin2.0

80sin)5)(3.0(
»==fBv  (�à�Â ) 

(b) (1): fAfBfC MvMvMv 5.050cos2.080cos3.0 oo =+  

1-
oo

ms 0.3
5.0

50cos)64.9)(2.0(80cos)5)(3.0(
=

+
=fAv  

(�à�Â ) 
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�y 10-8  2	"�ï�^�é���¤�x�3	1�Â
D
�y�–	"�ï 2�r�h�´�i�· �”�!���f  m2 
= 3m �–���¨	1�’	ë�•�y�¬�B �”�ù
�à�!���ï�l�9�x�3���| �–  

5.7 �+�B���¤�x�3  
 
�‡���¤�x�3�m �”�!���x�3	"	1�ï�h�ñ�•�â �”�����ï�h�l�â �–  
 
�‡	Þ�¨�—�p�E�Ó�-�m �”�!���x�3	"	1�µ�ï�f�ñ�•�â �”�����µ�ï�f�l�â �”�l�õ
"�!��
�¤�–  
 
�‡�3�°�>�Q 	1���Y�m �”�µ�ï�f�š
� �š  
 

.221111 ffi vmvmvm +=  

 
�ï�f�š
� �š  
 

.2
22

2
11

2
11 2

1
2
1

2
1

ffi vmvmvm +=  

 

ù�
�±�Ó  
 

,)( 22111 ffi vmvvm =-  

.)( 2
22

2
1

2
11 ffi

vmvvm =-  


Œ�È 
 

.211 ffi vvv =+  

 

S  v1f  �— v2f 	1  2 
º�±�Ó �”�Þ�š  
 

.
2

,

1
21

1
2

1
21

21
1

if

if

v
mm

m
v

v
mm
mm

v

+
=

+
-

=

 

 
 

���¨���ï �š  .1
21

1

21
icm v

mm
m

mm
P

v
+

=
+

=  
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��������  5.5 
 
�‡�Á�˜�¨
��m �”���3	1�v �m�W���Š�c�o�‡�’ �”�i�ñ�¶�¯�†�	�[�^�é�‘���˜�¨ �”�”�¾�ñ
�:�5�·�I�j�Ð�!�:�W	1�Á�¨�V�v�m�W�x�3 �–  
(a) �]�m�W  (���f	1 ) �V	c�i�·���f  m2 	1�Á	1�Ç�3���¤�%�x�´ �”�£�m�W	1�ï�h�‡�Ÿ�º


÷�–  
(b) �‰�ë�o�%�x	1�Á�¨
a�) �”�—
Ã�´	1�‡�Ÿ�º
÷ �–�™�Í�) �”
e�—
Ã	1�Á�¨�V�m�W�Á�¨��

�f�º
÷�‰��
a   206 , 12 �I  1 �–  
 
�à�Â �š  
(a) �ï�f�š
�  

fifi vmvmvm 22111 +=  

���¤�x�3  

2
22

2
11

2
11 2

1
2
1

2
1

ffi vmvmvm +=  

ffi vmvvm 22111 )( =-    (1) 
2
22

2
1

2
11 )( ffi vmvvm =-    (2) 

(2) �È�Ð  (1) �”  ffi vvv 211 =+    (3) 

 
(1): )()( 112111 fifi vvmvvm +=-  

if v
mm
mm

v 1
21

21
1 +

-
=  

�ï�h�‡�Ÿ�º
÷ �š  
 

2
1

2
1

2
1

2
1

2
1

2
11

2
11

2
11

1

2
1

2
1

2
1

i

f

i

fi

i

fi

i

fi

v

v

v

vv

vm

vmvm

K

KK
-=

-
=

-
=

-
=  

2
21

21

2

21

21

)(
4

1
mm
mm

mm
mm

+
=



�

�
��
�

�

+
-

-=  (�à�Â ) 
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(b) �™�Í�) , m2 = 206m1, 

�º
÷  %9.1
207

)206(4
)206(
)206(4

22
11

11 ==
+

=
mm
mm

 (�à�Â ) 

�™�Í
e , m2 = 12m1, 

�º
÷  %28
13

)12(4
)12(
)12(4

22
11

11 ==
+

=
mm
mm

 (�à�Â ) 

�™�Í
Ã , m2 = m1, 
 

�º
÷  %100
)(
)(4

2
11

11 =
+

=
mm
mm

 (�à�Â ) 


ü�”�m	ì�����4�½ �–  
 
5.8 �+�B	z���¤�x�3  
 
�‡	z���¤�x�3�m �”�x�3	"�¬�4�«�p�Ó�-	1�ï�h��
	z�š
�  
 
�‡�Y�d	z���¤�x�3	õ �”�x�3	"
2�‘
w�‡�+�¦ �–  
 
���µ�ï�f�}�¥�š
�  
 

,)( 211 Vmmvm +=  �¨  .
21

1 v
mm

m
V

+
=  

 
��������  5.6 
 
�‡�=�W
à�´�t�Ç�Ô	› �”�â�°�­�4�Ð
à�)�W��	1�’	ë �–�!�å�6�+� �U�µ�Ç���f  M = 5.4 
kg, �Ð 2 	o�I
E�v�¦ �–���f  m = 9.5 g 	1�W���t�5�µ�Ç�m �”	ð�v	•�Ö�@�� �–�µ�Ç  + �W����
�­�{�B �”���¨�‘�n�’�Ï �”���‡�‘�n�·�$���ó�t�i�· �”�!�´	1	¿	4�’�Ï�O�&  h = 6.3 cm �–  
(a) �£�W���Í�x�3	›	1�’	ë  v �–  
(b) �£�W��	1	c�ï�h �–�Í�@�•�Ÿ�â�«�‡�Ÿ�­�p�â�°�­�m	1�²
³�h �›  
 
�à�Â �š  
(a) �‡�x�3�m���4�ï�f�š
� �”  

VmMmv )( +=  
�‡�x�3	õ���4�h�f�š
�   

ghmMVmM )()(
2
1 2 +=+  

ghV 2=  

�y  10-12   2 	"�ï�^�é	z���¤�x�3	1�Â
D
�y�–	"�ï  2 �r�h�´�i�· �”�!���f  m2  = 
3m1 �–�x�3	õ  2 	"�ï�9�‘�+�¦���+�u	›
�^�–���¨�’	ë�•�y�¬�B �”�ù�à�!���ï�l
�9�x�3���| �”�—�!�’	ë�V�‘
w	"	1�È�6
�’	ë�+
À �–  
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V
m

mM
v

+
=  

1-ms 630)063.0)(8.9(2
0095.0

0095.04.5
2 =

+
=

+
= gh

m
mM

 

(b) 	c�ï�h  

J 1900630)0095.0(
2
1

2
1 22 === mvK  

�È�6�²
³�h  
J 3.3)063.0)(8.9)(0095.04.5()( =+=+= ghmME  

(only 0.2%) (�à ) 
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��������  5.7 
 
(	<�«���m	1	"
û ) �–�í	<�«�����ï�I�@�œ  (���f  m1 = 0.70 kg), �{�@�°�°  -- 0.14 kg 	1
�è�–�p	õ�Ð
Œ�u�±�¤�°�{  -- 3.2 kg 	1
×�i�R�ä �–��	C	1�›�´���¤
D�G�‰��
a  4.1 ́  104 
Nm-1 �— 2.6 ́  106 Nm-1 �”�‰�°�ã���O�&   d �‰��
a  16 mm �—  1.1 mm�–  
(a) �‡�‰�°	› �”�£�è�I�ä�¬�•�˜	1�h�f �›  
(b) �£�°�°�è�I�ä�´�œ�p	1�’	ë  v �–�×�{�‡�›�´�´�²
³�h�š
� �”���Ê�]�‰�°�´�œ�p�—�o

�°	"	1�’	ë
a�? �”
��x�3�ñ�o�Õ��
a�Y�d	z���¤�x�3 �–  
 
�à�Â �š  

(a) �™�Í�è �”   J 248.5016.0)101.4(
2
1

2
1 242 =´== kdU » 5.2 J (�à�Â ) 

�™�Í�ä �”  J 573.10011.0)106.2(
2
1

2
1 262 =´== kdU  » 1.6 J (�à�Â ) 

(b) �™�Í�è �”�¦	c�œ �p�{�è�^�é	z���¤�x�3 �–�ï�f
�š�¤ �š  
 

Vmmvm )( 211 +=  (1) 
 
�p	õ�œ�p	1�ï �h�� �« �µ�è�› �´ �´ 	1�h�f �– �h�f �š

��š  
 

(2): 
21

2
mm

U
V

+
=  1-ms 534.3

14.07.0
)248.5(2

=
+

=  

 

(1): V
m

mm
v

1

21 +
=  534.3

7.0
14.07.0



�

�
�
�

� +
=  » 4.2 ms-1 (�à�Â ) 

 
�™�Í�ä �”  
 

21

2
mm

U
V

+
= 1-ms 8981.0

2.37.0
)573.1(2

=
+

= . 

 

V
m

mm
v

1

21 +
= 8981.0

7.0
2.37.0



�

�
�
�

� +
=  » 5.0 ms-1 (�à�Â ) 

 
�°�°
×�i�R�ä	1�h�f�ý
"�°�°�µ�Ç�h�f	1  1/3 �”���œ�p�’	ë	¥
Þ�v  20% �–�•
"�‚
a�µ
�Ç	1���f�º���U�Ö�h�f���ß�µ�Ç�“
a�:�Ä �–  
 

�y  10-15�” (a) �–�í	<�«�����ï�I�Ð�’	ë  
v �°�{�+���V	" �– (b) �œ�p�I�o�°	"�^�é
	z���¤�x�3 �”���r�h�›�´ �– (c) �]�o�°
	"�m�¨�{�@�ã��  d �´�o�°	"�‰�° �–  
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5.9 �2�B�x�3  
 

�µ�ï�f�š
� �š  
 
x �‰�f �š  ,22211111 coscos qq ffi vmvmvm +=  

y �‰�f �š  .222111 sinsin0 qq ff vmvm +-=  

 
�ï�h�š
� �š  
 

.2
2
12

2
12

2
12

2
1

22112211 ffii vmvmvmvm +=+  

 
�+�s �”�b	5 1m , 2m , iv1  �— q1�–
��h�£  fv1 , fv2  �— q2	1�Þ �–  

 
��������  5.8 
 
2 ���f
Œ�Û	1�(�W�^�é���¤���3 �”�>�Q�(�W
a	c�i�· �–�ž�Ô  (�È	z�x�3
a�%�x ) 2 �(�W�‡
�x�3	õ���Ð	¿	4�±�{�‰�r �–  
 
���4�ï�f�š
� �”  
 

ffi vmvmvm 211
���

+=  

ffi vvv 211
���

+=  

3 �@�f�¶�+ �?�á�n �–  
�‡�?�á�n�m �”���4XR�•�s	ó �š  
 

fcos2 21
2
2

2
1

2
1 ffffi vvvvv ++=   (1) 

 
���4�h�f�š
� �š  
 

2
2

2
1

2
1 2

1
2
1

2
1

ffi mvmvmv +=  

2
2

2
1

2
1 ffi vvv +=     (2) 

 
(1) – (2): 0cos2 21 =fff vv  

o90=f  (�à�Â ) 
 

�y  10-16�” 2 	"�^�é	z�%�x���¤�x�3 �–	"�Y���f  
m2 (�x�3�>�Q ) 	c�i�· �–  

�y  10-17 �á�e�ž�Ô  2 
Œ�u���f�(�W	z
���¤�x�3	õ �”�Ð 90o �±�{�‰�r �”
���
�Š�>�Q�(�W	c
a�i�·���x�3	z�%�x
�ž�Ô�i
��� �–  

�/�Þ�/�Þ�/�Þ�/�Þ  [MSOffice1]:  
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��������  5.9 
 
2 �8�g	C�‡�+	z���¤�x�3�m�x�3��
Œ�‘ �”	ž�x�3	õ�™�‡�+�¦ �–	s�Ç���f  mA 
a  83 kg�”�:
�c�Ð�’	ë  vA = 6.2 km/h �’	ë�{�ß �–�£�£�®���f  mB is 55 kg�”�:�Ð�’	ë   vB = 7.8 km/h �{
�ç�–  
(a) �£  2 	C�x�3	õ	1�e�u�’	ë   V

�
 �›  

(b) �£�x�3	›�—�x�3	õ  2 �8�g	C	1���¨�’	ë �–  
(c) �£ �8 �g 	C�‚ �x �3 �Ö�� �3 	1 �ï �h �• �â �º


÷�–  
 
(a) �ï�f�š
� �š  

qcos)( Vmmvm BAAA +=   (1) 
qsin)( Vmmvm BABB +=   (2) 

(2) ̧  (1): 

AA

BB

vm
vm

=qtan 834.0
)2.6)(83(
)8.7)(55(

== , so q = 39.8o » 40o (�à�Â ) 

 

(1): 
o8.39cos)5583(

)2.6)(83(
cos)( +

=
+

=
qBA

AA

mm
vm

V = 4.86 km/h » 4.9 km/h (�à�Â ) 

(b) �x�3�l�•�â���¨	1�’	ë �–�¬�Ð  V = 4.9 km/h �— q = 40o �l�õ�x�3	›	õ �– (�à�Â ) 

(c) 	c�ï�h  22

2
1

2
1

BBAAi vmvmK +=  = 3270 kg km2/h2. 

�È�6�ï�h  2)(
2
1

VmmK BAf +=  = 1630 kg km2/h2. 

�º
÷  %50
3270

32701630
-=

-
=

-
=

i

fi

K

KK
 (�à�Â ) 

 
6 �‡�‡�‡�‡  X-Y ��
ÿ�B
��:	1�������ï�±�Ó��
ÿ�B
��:	1�������ï�±�Ó��
ÿ�B
��:	1�������ï�±�Ó��
ÿ�B
��:	1�������ï�±�Ó  
 
6.1 �O�•�†�¤  

t
m

F
vtv

t
m
F

vtv

y
yoy

x
oxx




�

�
��
�

�
+=



�

�
�
�

�
+=

)(

)(  

  (6.1) 

2

2
 

2
1

)(

2
1

)(

t
m

F
tvyty

t
m
F

tvxtx

y
yoo

x
oxo




�

�
��
�

�
++=



�

�
�
�

�
++=

  (6.2) 

�]	c
º�Y  (x0, y0, vx0, vy0) �b	5�´ �”�B
ê�O���†�¤�ñ���4�Í�Z�ö�`�|�@ �–  

�y  10-18�” 2�8�g	C	s�Ç  (A) �—�£
�£�®  (B) �‰���Ð
ú�ï�Ö	d �”���7
�B�±� 
Ž �”���+�Y�d	z���¤�x
�3�–�x�3	õ�Ð�’	ë  v �—�á	ë �ð�+
�¦���ï �–�!���¨�•�y�¬�B �–�x�3
	›���¨�M�é�B�‡�B�y�m �–  
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�+�š�ù�à �š�0�´�:	z �È
��É�:�”�]���ï�±�{�•�â�´ �”���¨� �±�{	1�•�â �–  
 
6.2 	h�†	d
ÿ	1�¹�ï���ï  
 
	"�Y�ý�9  Y–�±�{�B	1
ù�:���4 �”�7�¼
S  

gtvt
m

F
vtv

vt
m
F

vtv

yo
y

yoy

ox
x

oxx

-=


�

�
��
�

�
+=

=

�

�
�
�

�
+=

)(

)(   

   (6.3) 

�™�Í�’	ë�—  

22

 
2

 

2
1

2
1

)(

2
1

)(

gttvyt
m

F
tvyty

tvxt
m
F

tvxtx

yoo
y

yoo

oxo
x

oxo

-+=


�

�
��
�

�
++=

+=

�

�
�
�

�
++=

  (6.4) 

�™�Í�ï�œ  
 
�]	c
º�Y   (x0, y0, vx0, vy0) �b	5�´ �”�B
ê�O���†�¤�ñ���4�Í�Z�ö�`�| �–  
 
 
 

~ �Y ~ 
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���ö�`�‚���ö�`�‚���ö�`�‚���ö�`�‚  
 
1 �˜�´  
 
1.1 
��!�ý��   

·  ���é�`�W	1�`�µ�‰�{�¢�š  
·  �–���¢�š	1�`�µ�‰�{���é�`�W  
·  ���é�`�µ�K�¢�Í�¢��
ÿ�B�+�š  

 
 

 
 
1.2 ���4�˜�´���„	"�ï	1�]  

É	"�ï�ï�Í�˜�´	1��  / �ó�”�O�&�˜�´	1	"�O so 
a�% / 
ä�–  

É	"�ï�ï�Í�˜�´	1�ó  / ���”�O�&�˜�´	1�]�O si 
a�% / 
ä�–  
f = �¢�O  (�!���˜�´	1	"�� �”�á�˜�´  / �ß�˜�´	1�¢�O��
a�%  / 
ä�–  
 

fss io

111
=+   (O.1) 

 

 
 
1.3 ���4
ú
ÿ�´���„	"�ï	1�]  

É	"�ï�ï�Í�´	1��  / �ó�”�O�&�´	1	"�O so 
a�% / 
ä�–  

É	"�ï�ï�Í�´	1��  / �ó�”�O�&�´	1�]�O si 
a�% / 
ä�–  
f = �¢�O  (= R/2�!�m R 
a
ú	1�ê�‰ �”�ß�´  / �á�´  	1�¢�O��
a�%  /
ä�–  
 

fss io

111
=+   (O.2) 

 
1.4 �Ë�U
÷  
 

M = si/so  (O.3) 
 

F 

F 

�%�˜�´  

F 

F 

�%�˜�´  

F F

Positive lens

F FF F

Positive lens

F F 


ä�˜�´  

Virtual Object

Virtual Image

Virtual Object

Virtual Image

RRR

�%�˜�´  

� 	"  

� 	"  
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1.5 �`
N	ë  
�Õ���+�`�š���A�†�{�¬�¶�±�{�Ç�t�` �”
 ���ê�‰
a r 	1
ú�ï�´ �”�!�`�h
a���A

�‰�	 �”
�
  ���ê�‰
a   a 	1�½
ÿ�è�´	1�h�f�º
a

2

2

2

4
1

4


�

�
�
�

�==
r
a

r
a

I
p

p
�–�™�Í�+

�ê�‰
a   a �O�&�`�- d 	1�˜�´ �”
 �!	1�h�f
L

2



�

�
�
�

�µ
r
a

�–  

 
�•�y�¬�B �”�]	1�`���7�¬�Í�˜�´	1�U�[�I�`
�	1	4�‰ �–   
 
 
 

 
 

	�	�	�	�  
 
�s�  �š�+�4�¡�ï	1�(�W �”�!�m�!���(�W�V�!
Œ�Ê�(�W�¶�P�s	1
Œ�ï�µ�• �–   
 
1 	��ï�±�Ó  
 
1.1 ��
ÿ	�  
 

)cos(),( tkxAtxW w-=    (W.1) 
 
�˜���+�â
ÿ	��{   x-�W�é�^ �”���u
Œ
ÿ
a�+��
ÿ �”���W �š  
 

k
c

t
k

kctx -=-=
w

w /)(   (W.2).  

��
ÿ	��‡	<�t	1�’	ë  
k

v
w

=   (W.3). 

�!�m  
l
p2

ºk , �— l  
a	�	o   (W.4).  

 
),( txW  �u
a�´�t   t �—�ï�œ x 	1�L�Z�$�G �”�!�m	<�t�L�Z
a	�	o  

l  , 
 

),(),( txWtxW l+=   (W.5a), 
 

�—�´�t�L�Z
a �³  
w
p2

ºT   (W.5b) 

 
�‚  ),(),( TtxWtxW +=   (W.5c) 
 

ZZ

Bright

Dim

Bright

Dim

Bright

Dim

rr

xx

AreaArea
ÿ�è  

�`  

��  
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1.2 
ú
ÿ	�   
 

)cos(),( tkrAtrW w-=    (W.6) 
 
���”�u
Œ
ÿ
a�+
ú�ï  
 

�g�â  (�â�° ) 	��š  )()(),( 0xxfvtxftxW -=-= , �!�m  

vtx =0 , �— v 
a�é�^�’	ë �–  )( 0xxf -  
a�+�$�G �”  )0(f 
a�}

���–  
 
1.3 	�
N	ë  
 
	�
N	ë
a�¡�ï�p�´�t���A  
 

2

0

22

0

22

2
1

)(cos
1

),(
1

),( AdttkrA
T

dttrW
T

trWI
TT

� =-� =>=º< w  (W.7) 

 
(�ù�à  cos2q = (1 – cos2q)/2) 
 
2 	��e�ë  
 
�7 2�!�-�Ö��	1	�
Œ��  

)cos( 1111 fw +-= tkrAW , )cos( 2222 fw +-= tkrAW ,  
 

�¤�ã�:
û �š  21 WWW +=   (W.8) 
 

�4  Eq. (W.7) 
S 21
2

2
2

1
2 2 WWWWW ++= , so 

 

fcos2 21
2
2

2
1

2 AAAAW ++=><   (W.9), 
 
�!�m
Œ�ï�•   1212 )( fff -+-º rrk   (W.9A). 
 


Œ�˜  
2
2

2
1

21

min
2

max
2

min
2

max
2 2

AA
AA

WW
WW

I
+

=
><+><
><-><

º   (W.10).  

 
�]  A1 = A2�” I  
S�È�U��  ‘1’. 
 

�e�ë
��2�7�¼�â�«
a
à�)�Ó�•  12 rrr -ºd  �”�—�“	4
w	1
Œ�•
��2 �–

���W �”�Õ���+�`�µ�%�C�+�3�Â �”�7�#�+
ÿ�¬�«	1�˜�t	�  (
¦�å�¢�ï ) �V
�#�2
ÿ�¬�«	1�˜�t	�  (�8�å�¢�ï ) �p�t	1�Ó�•
a    2nd, �!�m  n 
a�‰�t
÷
�—  d 
a�3�Â	1	¦	ë �–�‡�#�+
ÿ�˜�t�m�¶
Œ�˜��   p, �¬�Ð��
Œ�ï  �•
a

p
l
p

f -=
nd2

 

t = 0 t = t1

xx0 x1

t = 0 t = t1

xx0 x1

r1

r2

r1

r2

n, d
1

2
n, dn, d

1

2
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�i�=�‚�i�=�‚�i�=�‚�i�=�‚  
 
 

1 �=�[�=�[�=�[�=�[  
 

�È�=�[ �É�•	"
û�f�o�Ç
ü�	
"�+�Š	1�Â�Ü �”�=�[�V�+�!�ý��	1�:�$�°�¦  --- �=�: �–  

 

1.1 �„�)�s	ó�„�)�s	ó�„�)�s	ó�„�)�s	ó  
 

�•
"�3�Ê�‡�=���‚�m�Ç
ü	1�#�+
º�s	ó �” 2�!
Œ�O r �”�‰��
a q1 �— q2 	1�=�[�p�t	1�i�=�:
"  

r
r
qq

kF ��
2

21
12 =   (E.1) 

 

�!�m  k 
a
D�G �”  r�  
a�â�ï�@�f�7�=�[ 1 
��{�=�[ 2	1�±�{ �”  12F
�

 
a�7�=�[ 1���4�Í�=�[ 2	1�: �–  
 
�=�[	1
��¾�Q�7�â�ï  = �„�)  (C) 
 
1�„�)
Œ�Û�Í�‡�œ
��=
L
L�•	1�„�µ�B �” 1
ž�*�ƒ�–���!�j�Š
ÿ	1�=�[�G�> �–  
 
�� 
S �ù �à 	1 
" �= 
L �I �= �[ 	1 �Â 	• �b �‡ �¼ �s �  �m �– k 	1 
� �¾ �Q �7 �â �ï 
a

229

0
/.1099.8

4
1

CmNk ´==
pe

, 

 

�¨     2212
0 ./1085.8 mNC-´=e . 

 
   
�™�Í�•�=�[ �”�!�:�è�é�¤�ã�s	ó  
 

�=�=
¹¹ 1

3, ||4
1

j
ij

ij

ji

oij
ijneti r

r

qq
FF

�
�

��

pe
  (E.2). 

 
 

�ù�à�„�)�s	ó�V�„�¶�§�:�s	ó �” r
r
mm

GF ��
2

21
12 =  	1
Œ�ÿ�¤ �”�!�m	1�È�U�‰��
"�=�[�ñ�Ð
"�%�H�ñ
"


ä�”�Ö���f�•
D
"�%��	1 �–�7�Í�„�)�s	ó �V�„�¶�§�:�s	ó	1
Œ�ÿ�¤ �”�ñ�˜�Ð�†�‡�„�)�s	ó�m�„�à�+���è
�õ�–���• �”   

 

�+�A�=�[�x��
E�=�(�W�.�§�¨
ˆ���:
Œ�Û�Í�x�B�¬�¶�=�[�Ÿ�ƒ�m�‡�!�m�¨	õ�¬���p�¯�4 �–  

 


É�+
E�(�W�˜�‡�Í�+�A�=�[�x�ƒ �”	ž�x�"�¶���Z�ö�i�=�:�Í�(�W�B �–  

 

 

q1

q2

r
�

q1

q2

r
�
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���š  

  

 

 

    

 

 

   

 

�y�B 2�(�W�‡�P�s�ï�œ �š�ï�Í�:	1�š�B�(�W	1�=�[
a q1 = 8q �”�—�ï�Í x = L �B�(�W	1�=�[
a q2 = -2q �–�£

�+�š  (	z�¤
û�› ) �ñ�����†�Ë�B�+���W �–�¼����
"�y�s�k
"	z�y�s	1 �–  

 

1.2 
ú	#�„�ï
ú	#�„�ï
ú	#�„�ï
ú	#�„�ï  

 
   
É�+	n�F�¶���f�=�[ Q �”�‡�u
Œ
ˆ��	1
c		�@�= �[
2���ß�+�!���ñ�h�›�&�!�Ô�=�[	1�ï�œ �”�H�	
"	n
�F	1	d
ÿ �–�™�Í
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