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  (work)  
   

 
  

  1.1  1.2

W = FS cos � 
 ( F )  ( S )
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 1.1 

 1.2 

 (work)    

  F   S  
 F   F   (scalar product)  

     W � F � S   �  FS cos � (1.1)

   W      (J)  (N�m)

   F      (N)

   S      (m)

   �   

S

S

S

F

F

F

F

F

F

S
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   2   
1. (scalar product) 
  A  B   �  A  B  0 � � � 180�

A�B = |A||B|cos �

2. (vector product)

  A  B   �  A  B  0 � � � 180�

A�B = C
  C  C  |C| = |A||B|sin �

  (1.1)   
0   cos 0� = 1   (1.1) 

    W  =  FS (1.2)

   
    

 1.3

 1.3

   180  
cos 180� = 	1   (1.1) 
    W  =  	FS (1.3)

     
   90  

 cos 90� = 0    

S

F
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     (James Prescott Joule; 1818 1889)    
   

  
 . . 1833   

   . . 1840  
  

 
  

  
  

 
 

  

F F

S A                                                                                                    B

5

 
  W  �  FS cos �   

  �  
  

 1.
 

 1.4 



F

A B

� F�

S�

A B

F� F�

S�
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   1.4 

    W � F� S   
     � FS cos �
     � FS cos 0� 
     � FS(1)

     � FS

    W � FS        

 2.

 1.5 

   1.5  
     

    W � F � S   
     � FS cos �
     � FS cos 90� 
     � FS(0)

   W � 0 

 3.

 1.6 

  F    1.6  
  F  F 

 
 

 1.7  F 

  1.7  F1  
    F2  

  
   F1  F1S cos �   F1  S   0   

 cos 0�  �  1  1.7  F1 �  F cos �  F1       
    WF1  � F1S cos 0�

    WF1  � (F cos �)(S)(1)

   WF1  � FS cos �

  F2  S   90   cos 90�  �  0  1.7 F2 �  F sin � 

  F2       
    WF2  � F2S cos 90�

    WF2  � (F sin �)(S)(0)

   WF2  � 0   
   F    1.7 
    WF � WF1


WF2

             WF � FS cos �
0

    WF � FS cos � 

    
 

     
 S   1.8  

  

F2 = F sin �

F1 = F cos �
�

F

7



 1.8 

    
    

 ( ) 
  S   mg 

 0  (� � 0�) 
    Wmg � FS cos �
     � (mg)(S)(cos 0�)

     � mgS

   F    
  F   180�  (� � 180�) 

    WF � FS cos �
     � (F)(S)(cos 180�)

     � 	FS

  F   
                  � 
  F   
               � mgS
(	FS)

  F � mg     
           � mgS
(	mgS)

               � 0  
                      FS � mgS   

     F  
   1.9

F

mg

F

mg

S
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 1.9 

           
 F   mg 

 
  F   F   mg  

 1.9  F   0   F  
    WF � FS cos �
     � (F)(S)(cos 0�)

     � FS                   
    mg   F   180  

    mg  
    Wmg � FS cos �
     � (mg)(S)(cos 180�)

     � mgS(	1)   
     � 	mgS   
 
     �  F 
   
     � FS
(	mgS)

  F   mg  

    �W �  (�F)(S) cos �
  �F     
     S      �F

         �      �F 

F

mg

F

mg

 S   
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    �W �  (�F)(S) cos �
    �W �  (F	mg)(S) cos 0�

    �W �  (F	mg)(S) (1.4)

   
  

 
  

   
 

  
 

     �W �  F1S1
F2S2
...

   �W �  FiSi
i = 1

n

 (1.5)

1.1   50   30   
 10   
  

   F cos 30�  0  
  F sin 30�  

W  �  FS  �  (F cos 30�)(S)  �  �50
3
2 �(10)  �  250 3   �  4.3�102 J              

   4.3�102  

F sin 30

F cos 30

F = 50 N

30

S = 10 m

10

 1.2

        

 

F

m

30�

 20  
 30   

 2 2  5   
 3
3

 

mg sin 30�

mg 

mg cos 30�

30�

m = 20 kg

a = 2 m/s
2

N

f
� = 

�3
3

F

   1    

            �F � ma

    F	mg sin 30�	f � ma

    F	mg sin 30�	�mg cos 30� � ma

    F	(20�10�0.5)	��3
3

�20�10�
�3
2 � � 20�2

    F	100	100 � 40

    F � 240 N

  S � ut

1
2

at2

    S � 0
�12�2�52 �
    S � 25 m

      W   �  F�S  �  240�25  �  6�103  J

   6    
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 1.3   1   0.5 
 100   2  

 . 
 .   

     m � 1, W � 10 N, �  �  0.5, F  �  100 N   S  �  2 m
  . 
   WF � FS   WF

               WF � 100(2)  �  200  J
    200       

 .  
                    Wf �   	fS   
   f   �   �N  
    Wf � 	(�N)(S)  
            � 	(0.5�10)(2)

     � 	10  J
              	10        

                     
        

   
 

  
  

   F    x1  x2  1.10

f

1 kg F = 100 N

2 m

N N

0.5
mgmg

fk
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 1.10          
             
  F   x1  x2  

     ( F )  
 ( x )  1.1

 1.1  (F)  ( x )

        1.1   (x � 0)  
   F    x  

                
  F1  � 0    
       x        
  F2   � F 
   x  

   Fav � 
F1
F2

2
  �  

0
F

2
  �  

F

2
 

  x   
 x 

F

x
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F

xF1

F2

 (m)

 (N)

m

x1 x2



  W � F S

    W �
F
2

x            

          W � 
1
2

Fx

  1.1 
                                 

  F 
 x    

     F � kx

  k   (N/m)

  W �
1
2

Fx              

      W �
1
2

(kx)x

  W  �
1
2

kx2 (1.6)

 1.4   2   12   
10  

   2   0.02   12  
 12  

 

  F   � kx

          k �
F
x

  k � 
12
0.02

  �  600 N/m

   10   0.10   

       W �
1
2

kx2

                              W �
1
2

(600)(0.10)2

     � 3.0 J

    3.0   

W  �
1
2

kx2
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 1.5   100   0.75     
 0.30  

         100   0.75  
  

      F � kx

        k � 
F
x

 

    k � 
100
0.75

  N/m

     W � 1
2

kx2

     � 1
2

�
100
0.75

�(0.30)2

     � 6.0  J
       6.0    

  
     
   

    
 

 1.    
 

       

  

 1.2              

15

F

S
 (m)

 (N)



  x  
 

                         � �

     � FS

   S 
       W � FS cos �  ;   �  �  0�

               W � FS

  

 2.     
   L0  

 F  x  1.11

    

 1.11 

    0  F 
  x   F  x 

 1.11 
  

               � 1
2

� �

     � 1
2

(x)(F)

     � 1
2

Fx
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 (N)

 (m)

F

x

L0

L0

L0

F

F

 3.   
  

  1.3  �S   Fi 
 �Si   Fi  �Si 

 

 1.3 

   i � 0  i � n  

         W � 
i 0

i n

Fi Si  (1.7)

   �Si 
  �Si   

    W � lim
s 0

Fi Si
i = 0

i = n
 

     W �  
0

Sf

FdS (1.8)

  W  F  0  Sf  
 F   W  �  

0

Sf

FdS  F 
 0  Sf

  F  0  Sf 
    W � FSf

   
 (1.8)  (dot product) 

                    W �  
0

Sf

F�dS

 

Fi

 �Si Si

0

F

S

 �S1 �S2 �S3

 �Sn

0

F

S

F1
F2 F3

Fn
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 1.6  5    
  3  

 

     2   
 2   20   1  

 	10 
  2    
            �F � ma

    20 � 5a

    a � 4 m/s2

          S � ut

1
2

 at2

     � 0

1
2

 (4)(2)2

     � 8  m
  20  8 
    20  
  W1 � FS  
   � 20�8

   � 160  J
   1      
            �F � ma

                  	10 � 5a

  a � 	2  m/s2

  2  1  1  
  v � u
at

  v � 0
(4)(2)  
   � 8  m/s

F (N)

t (s)

20

10

0

	10

1 2 3
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                S � ut

1
2

 at2

   � (8)(1)

1
2

 (	2)(1)2

   � 8	1

   � 7  m
  	10  7 
        	10  
                W2 � FS  
   � 	10�7

   � 	70  J
        �W � W1
W2

   � 160	70

   � 90   
    90   

 1.7  8   x  
 x    20  

 1    �  8  kg    2 
  1  2
  F1 � 0 N, F2 � 10 N, S1 � 10 m   F1 � 10 N, F2 � 0 N, S2 � 10 m

     Fav1
 � 

F1
F2

2
     Fav2

 � 
F1
F2

2

   � 
0
10

2
   � 

0
10
2

   � 5 N   � 5 N
     W1 � Fav1

S     W2 � Fav2
S2

   � (5)(10)   � (5)(10)  
   � 50  J   � 50  J
                 W1
W2 � 50
50  � 100 J

    100    

F(N)

10

0
10      20

x(m)
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 2 
          �

1
2

� �

   �
1
2

�20�10

   � 100  J  
   100    

FS

1.  F   m  
 S    F  

    2.   F   150   5   2  
 F     

F  150 N

5 kg

20

5 kg

F = 150 N

4.   

S
mg

5.   F   
 ABCD 

D

A

C

B

S3

S4

S1

 3.   F  150   5  
  2   F

 
 

F

F
F

F

S2
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6.   F1  S   F1

 F2  F1  
 F1  F2 

 

7. 
8.    2 

 

     
     

 P = W
t  = Fv

  
 

 
 

 
 

    
  

   1.12

F1

S

F2

S
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  10 

 5

 1.12 

    1.12      F 
 S    2

  (power : P)   
  (J/s)  (watt : W)  

   W  t  

                            �        

                       Pav �
W
t

(1.9)

  �W  �t    �t

     

                                      P � 
W
t

  �  dW
dt

  (1.10)

  100   10    100/10 �  10  
 100   10    100/(10�60) � 0.17  

    10   
 

  F  S  

                  �W � F��S

         Pav �
W
t

F F

F F

S

S
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   Pav � F�
�S
�t

  

    Pav � Fv (1.11)

     (horsepower : hp)  1  (1 hp) 
 745.7    746 

 1.8  10   
0.1  600  

     

   P   � W
t

   � fk
S
t

   � fv

   � �Nv

   � 0.1(600)(10)

   � 600  W
    600  

 1.9    
 10   10  

  
  W � 1

2
�(10
2)�15

   � 90  J

  P � 
W
t

 

   � 
90
10

 

   � 9  W
   9  

   
   

15

10

5

2 4 6 8 10

F (N)

S (m)

�  0.1 mg  600 N

v  10 m/s

fk�

N

24

1.  
2.  . . 1976   

 562  (2,500 )   2  
   . . 1957   

  6,270  (27,900 )  1  
   2

  2  

3.   5   4   20  

4.   2,000   4 2   8

 
5.   

 20  

6.   200   36   100

  (  1  746 )

7.   1,000   10   20  
 5  

8.   m  100  
 1   
 30�  

 1

�3
 m

30�

F (N)

S (m)

150

100

50

0
5 15 2510 20 30
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  2    

   
Ek = 1

2
 mv2  

  
 Ep = mgh    

Ep = 1
2
 kx2   

   
 

  

   
 

  
   

   
  

 
 

 1.13  

        
   (energy)    

    
 

   
2      (kinetic energy) 

  (potential energy)
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     (kinetic energy : Ek)  

   1.14  

 

 

      

 1.14 

  
 

  
 m   1.15

 1.15  m 

  1.15  m  2   F � ma  
  F  t  v 

v = 0

v

mm F F

v

a

S

u � 0
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                      W � FS

          F   �   ma            
   W � maS

   FS  maS  S  
   m 

 
        v2 � u2


2aS              

   v2 � 0
2aS            

                        S � 
v
2

2a
 

   W � FS

   W � ma
v
2

2a

    W � 1
2

mv2        

           Ek � 1
2

mv2 (1.12)

    
   

  m  u  1.16  
 m 

 1.16 

 
    v2 � u2


2aS                                                 
                                    0 � u2


2aS

    a � 
	u2

2S
  

          �F � ma

     f � m
	u2

2S
  �  	mu2

2S

m
f

u

S

v � 0

28

    

           f � 
mu2

2S
   
       Wf � fS

     �
mu2

2S
S

     �
1
2

mu2

  u � v  Wf �
1
2

mv2

  (Ek) 

                           Ek �
1
2

mv2        

   1
2

mv2   m  v
   kg�m2/s2  kg�m/s2

� N  kg�m2/s2
� N�m � J 

 
   

   
 

 
  

   
  

   
 

  m  A  F  B 
  vA  vB  S  1.17

1.17 S

 

  S
A B

m m

vA vB

FF
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           v2  � u2


2aS       

                           a � 
F
m

      

                   v2    � u2

2

F
m

S    
    1

2
m     

    1
2

mv2    � 1
2

mu2

FS

                        FS  �
1
2

mv2
	
1
2

mu2

               W  �
1
2

mv2
	
1
2

mu2 (1.13)

                      W � Ek2	 Ek1   �  �Ek (1.14)

  W   F      
                 Ek1      
              Ek2    
              �Ek    

  (1.14) 
   

    
 F  m  f  

 F	f   

 1.1
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   1.      1  2.             1 
3.                      4  4.         1  
5.            1  6.    1 

    7.     1  8. 
9.    1 

     1. 
 

 
 60  

 60  

2.   
           

   
  

3.  1   1  
  

4.  
50   50

   

5.  2, 3  4   

60 .   
 

 50 cm

 50 cm
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 6.  F   
  F  �  mm

m + m
g  m   m� 

7.  F�S   (F�S) 

 (v2)  F�S  v2 

 
( )

m�

(kg)

m

(kg)

F

(N)

S

(m)

v

(m/s)

v2

(m/s)2

F�S

(J)

1

2

3

4

5

 1.   
 2.  
 3.   

 4.  
 5.   F�S  v2 

    
 (FS)  (v2)  

1.4 (FS) (v2)

FS (N�m)

v2 (m2/s2)

32

  1.4  
    FS �  v2

                                   FS � kv2 (1.15)

   k  
           k   (F)  (m)  

 (v)  
 (1.14)

    W � �Ek

         W �   1
2

mv2
	
1
2

mu2 

   u � 0,        FS  � 1
2

mv2                         

      � FS

v
2  

     � 

1
2
mv

2

v
2

     � 1
2

m         

    k  �   1
2

m    
 (1.15) 

     FS � 1
2

mv2

 1.10   10   50   
 . 
 .  

 .  

  
            u �  0
            g � 10  m/s2

 S �  50 
         v2 � u2


2gS

                 v2 � 0
(2)(10)(50)

                                   � 1,000 
                 v � 10 10  m/s

10 kg
u = 0

50 m
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     W � 1
2

mv2
	
1
2

mu2

            mgh � 1
2

mv2
	0

                          (10)(10)(50) � �12 �(10)(v2) 

                 v2  � 1,000   

                 v � 10 10  m/s

   10 10  m/s 
 .     
        
                                           Ek � 1

2
mv2

   Ek   � �12 �(10)(1,000) 

     � 5�103  J
   5  
                                                                        

 1.11   1   5   
  3 2  10  

  10 
    

                    

   
 F   

 10  

F

t = 10 s

u = 5 m/s

a = 3 m/s2

v = ?

1 kg

34

    v � u
at

                    v � 5
(3)(10)

     � 35  m/s

  10      
                                  Ek � 1

2
mv2

                                    Ek � �12 �(1)(352)

     � 6.125�102  J
   6.125�102  
      
  10     2 
   1   

 
             �F � ma

          �F � (1)(3)

     � 3  N           
  10  
                                 S � ut


1
2

at2   

                      S � (5)(10)

1
2

(3)(10)2  

     � 200  m        
     
                                  W � FS

           W � (3)(200)  �  600  J    
          600        

   2     
  
                                    W � �Ek  �  Ek2 	 Ek1

    W � 1
2

mv2
	
1
2

mu2  

    W � 1
2

(1)(35)2
	
1
2

(1)(5)2

    W � 612.5	12.5

    W � 600  J                                                                  
   600   
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  1.18

 1.18 

  1.18  
    

 
    

(potential energy : Ep)    
 (gravitational potential energy)  

  
    

 

     
  

 
  

  
 (elastic potential energy)  1.19

 

S

F F
F F

mg mg

mg mg S

 1.19 
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 1.  (potential energy)  

    1.20

 

 1.20 

  m  F  (mg)  
  h 

   1.21 
    W � F�S

     � FS cos 0�

     � FS

  S � h  F � mg

   W � mgh  
      

  1.21  m  F

  1.21   h  mgh  
  h   

   

h

F

mg

m

m

h
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   h  
 mgh   (Ep)     

                                    Ep � mgh (1.16)

   Ep    2 2 (kg�m2/s2)  J  
                h        (m)   
             m       (kg)

           g    2 (m/s2)

 1.2

 

  
 

         

1.   2.  
3.   4.  
5.   6.  

1.  

 
 

 
 

h

F�
  v

S  
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2.  (S)  (h) 

3.  3   

4.  FS  h  FS  y  h  x 

1.    
2.    

3.   FS  h   (0, 0) 
4.   
5.     

   
  

  
 

        
   

  
2.  (elastic potential energy)   
    

   
  

   
  

  
    

     1.22
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 1.22  

  
 (F)  (x)     

 

 1.23  F 

 1.5 

  1.23    
F  x  F  x  

  
    F  �  x    

    F   � kx                                     

            k     (N/m)  
             x     (m)

F (N)

x (m)

m

m

x

F

40

   
   

   
                            Ep  �  W  �  Fs

    Ep � 0 + F
2

(x)

    Ep � F
2

x

   Ep � 1
2

kx2      (1.17)

  (1.17)   F  x   
  

 

 1.12   10   200   5   

    

   5   
 

              S � ut

1
2

gt2

    S � 0

1
2

(10)(52)

    S �  125  m
   �  200	125  �  75  m

h = 200 m

u = 0 m/s

m = 10 kg

t = 5 s, S = ?

Ep = ?
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                               Ep    � mgh

                            Ep    � (10)(10)(75)

    Ep � 7,500  J
    7.5�103   

 1.13  2   12    
10  

   2   12  

                            F � kx

         k � 
F
x �

12
0.02

    k � 600  N/m

 
                 Ep  �

1
2

kx2

    Ep �
1
2

(600)(0.1)2

    Ep � 3.0  J
     3.0                      

1. 
           
            
  2.  

3. 
  

 m 
   

 

h1

h2

h3

 

m
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4.  m  A   h1  F  mg  B 
 h2  A  B 

5.  

B

A

h1

h2

m

m
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   1.24

1.24  
                  
    

   
  

   
   

  
    

     1.25

     

 1.25

 = 0

 = 0

v = 0, hmax

vmax , h = 0

50%      

50% 
h

m

  

m

(1)

(2)

v1
s

h1

h2

v2
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  1.25  m   h1

 v1  S  h2  v2 
 (1)  (2)  v1

  v2 
  (2)  v2

�u2

2gS

     v2
2

�v1
2


2gS

    v2
2

�v1
2


2g(h1	h2)                
      1

2
m  

            1
2
mv2

2
�
1
2
mv1

2

mgh1	mgh2   

              1
2
mv1

2

mgh1  � 

1
2
mv2

2

mgh2 (1.18)

  (1.18)   h2  2    
  

     
 

 1.3

 

  
 

        

1.   1  
2.    1 
3.    1   
4.  
5.    1 
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 1.   1  
   

2.   

3.  �   �  � 
 ( )  

4.  2 3      �  h1� h2, ...  
5.    

 

  a� �� �� �� �  � 
  a  �  

1.     
2.         
3.    
4.     
5.     
�.   

�.    

 

 

�

h

�

�� ��

� ���� �������������������� �� ��

� �

4�

      
 

    
 

    1.2� 

 

 1.26 

        1�2�    x  
1�2�      

  
  1�2�   

  
 

    1
2
mv1

2 + 1
2
kx1

2  � 1
2
mv2

2 + 1
2
kx2

2  (1.1�)

     
  

   
    

   
    

m

m

m

�� = 0, �� = 1
2

 mv2

�� = 1
2

 �x2, �� = 0 

x = 0

x

�

v = 0
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