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1
1
2
3
4
5

 1.       
 2.   
 3.    
 4.       
  



2    3 1 

  3 

 (solid)  (liquid)  (gas) 

1.1

 

1  
 

1 1 
 (density : �)

 4 

 (plasma) 

� �
m
V

P �
F
A

P � Pa��hg



4    

     � �
m 
V

          (1.1)

  �        (kg/m
3
)  

   m      (kg)

   V      (m
3
)

  1.1 

  m � �V

     W � mg � �Vg          (1.2)

 1.1 

 (kg/m
3
)  (kg/m

3
)

22,650

22,610

21,450

19,300

19,250

19,050

13,580

12,023

11,340

10,490

  8,960

7,870

7,310

4,507

3,500

2,700

1,740

1,025

1,000

   917

   790

   730

 (relative density)

 4  1,000 

      �
 4ºC

        (1.3)

� �
m
V

 

 (g/cm
3
) 

W � mg � �Vg�  

 �
4ºC

  

5 1 

 1.1  0.5  2.59�10
�5

  m � 0.5 kg  V � 2.59�10
�5

 m3 

     � �
m 
V

       �
0.5 

2.59�10
�5

       � 19,305 kg/m
3

  19,305          

 1.2  10 cm  7,900 

 4  1000 

 10 
2

   V � 0.1
3

� 1�10
�3

 m
3
 ,  � � 7,900 kg/m

3
    g � 10 m/s

2

     W � �Vg

       � (7,900)(1�10
�3

)(10)

       � 79 N

      �
 4ºC

       �
7900
1000

    �    7.9

  79  7.9         

1  
 (pressure)

     P �
F 
A

          (1.4)

  P       (N/m
2
)

   F       (N)

   A      (m
2
)

P �
F 
A
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      1  (Pa) � 1  

      1  (bar) � 1�10
5
  ( )

      1  (atm) � 1.013�10
5
 

       � 760  (mmHg)

      1  (torr) � 1 

   

   1.2

1.2 

     

     
 

 1.  

 2.  

 3.    

 4 

  m  A 

 �   
  1.3

1.3 

y2 y1

h

mg F1 � P1A

F2 � P2A

7 1 

  1.3  y2  y1

y2�y1  A(y2�y1)  F1  F2

      �F � 0

      F1 � F2�mg

      F1�F2 � mg

      P1A�P2A � �Vg

      (P1�P2)A � �A(y2�y1)g

      P1�P2 � �(y2�y1)g

  P2  Pa  P1 � P 

h � y2�y1

      P�Pa � �hg

  P � Pa��hg          (1.5)

  P     (N/m
2
)

   Pa    1.013�10
5

   h     (m)

  1.5  P  (absolute pressure)

�hg  (guage pressure : Pg)

      Pg � �hg          (1.6)

 1.3  2 

 1�10
3

 1.013�10
5

 10 
2

   h � 2 m,  � � 1�10
3
 kg/m

3
,  Pa � 1.013�10

5
 N/m

2
    g � 10 m/s

2

  Pg � �hg

       � (1�10
3
)(10)(2)

       � 2�10
4
 N/m

2

  P � �hg�Pa

       � (2�10
4
)�(1.013�10

5
)

       � 1.213�10
5
 N/m

2

    2�10
4

 1.213�10
5

   

P � Pa��hg�   

Pg � �hg�
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 1.4  2�10
6

 1.1�10
3

1.013�10
5

 10 
2

   P � 2�10
6
 N/m

2
,  � � 1.1�10

3
 kg/m

3
,  Pa � 1.013�10

5
 N/m

2
    g � 10 m/s

2

     P � �hg�Pa

      2�10
6

� (1.1�10
3
)h(10)�(1.013�10

5
)

      (1.1�10
4
)h � (20�10

5
)�(1.013�10

5
)

      (1.1�10
4
)h � 18.987�10

5

      h � 172.6  m

    172.6           

 1.5  0.5 

 1�10
3

 10 
2

   h �  0.5 m,  � � 1�10
3
 kg/m

3
    g � 10 m/s

2

     P � �gh

       � (1�10
3
)(10)(0.5)

       � 5�10
3
 N/m

2

    5�10
3         

 

 1.4

  1.4  A  (PA � 0) 

B  PB � �gh 

  Pavg �
PA�PB

2
    �    

0��gh
2

Pavg �
�gh

2
      (1.7)

 

 2 

1.4

PA

PB

h

A

B
Pavg �

�gh�

2
 

9 1 

 1.6  200  2.5�10
8

 1�10
3

 10 
2

   L � 200 m,  Favg � 2.5�10
9
 N,  � � 1�10

3
 kg/m

3
    g � 10 m/s

2

     Favg �
�gh

2
L

2

      2.5�10
9

�
(1�10

3
)(10)h

2
(200)

2
      2.5�10

9
� 10

6
h

2

      h2 � 2.5�10
3

      h � 50 m

    50          

  P �
F 
A

  Pavg �
Favg

A

  Favg � PavgA

  Favg �
�gh
2

 (hL)

Favg �
�gh

2
L

2
   (1.8)Favg �

�gh�
2
L

2

Favg

h

L

  x �
h 

sin

  Favg � PavgA

  Favg �
�gh
2

 (xL)

  Favg �
�gh
2

hL
sin

Favg �
�gh

2
L

2 sin
   (1.9)Favg �

�gh�
2
L

2 sin

Favg

h
x

L
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 1.7  50 3

60  20 

 1�10
3

 10 
2

   L � 50 3 m,  � 60º,  h � 20 m,  

� � 1�10
3
 kg/m

3
    g � 10 m/s

2

     Favg �
�gh

2
L

2 sin

       �
(1�10

3
)(10)(20

2
)(50 3 )

2 sin

       �
(1�10

3
)(10)(20

2
)(50 3 )

2 3
2

       � 2�10
8
 N

    2�10
8          

1  
 (U-tube)

2 

 2 

 1.5 

1.5

60º

P1 � P2 P1 � P2 P1 	 P2

P1P1 P1P2 P2 P2

11 1 

  2 

 2 

 2 

 1.6  x  x 

 2

1.6 2

  1.6 

 (A)  (B) 

      PA � PB

      Pa��1gh1 � Pa��2gh2

  2 

     �1gh1 � �2gh2        (1.10)

 1.8 

 1�10
3

   � � 1�10
3
 kg/m

3
,  h � 3 cm � 0.03 m 

  h � 5 cm � 0.05 m

     PA � PB

      � gh � � gh

      � (0.06) � (1�10
3
)(0.03)

      � � 500 kg/m
3

           

Pa

h1 h1

A B

h2

h2

�2 �2

�1 �1

Pa Pa Pa

�1gh1 � �2gh2

6 cm

3 cm
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 1.9  2    

 1,000  
  800 

  0.15   

   �  � 1�10
3
 kg/m

3
,  �  � 800 kg/m3    d � 0.15 m  

 

     PA � PB

      � gh  � � gh

      � (h �d) � � h

      (800)(h �0.15) � (1�10
3
)h

      800h �120 � 1,000h

      200h  � 120 

      h  � 0.60 m

  h  � h �d

       � 0.60�0.15     �     0.75 m

    0.60  0.75         

1  
   

  

 1.  (manometer)   
   

  

 

h
h

d

13 1 

1.7 

  1.7  P 

   
 

      P��gy1 � Pa��gy2

      P � Pa��gy2��gy1

      P � Pa��g(y2�y1)

  y2�y1 � h

     P � Pa��gh

   

 A  B 

 1.10 
  

 80    

 1.013�10
5
  

 13.6�10
3
  

 10 2

   h � 80 cm � 0.8 m, Pa � 1.013�10
5
 N/m

2
,  

�Hg � 13.6�10
3
 kg/m

3
    g � 10 m/s

2

     P � Pa��gh

       � (1.013�10
5
)�(13.6�10

3
)(10)(0.8)

       � 2.101�10
5
 N/m

2

    2.101�10
5
         

h

y2

y1

A

P

B

h

A B
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 2.  (barometer)  

  

   

   1.8  
  760   

  1.8    
 

 

      Pa��gy1 � �gy2

      Pa � �gy2��gy1

      Pa � �g(y2�y1)

   y2�y1 � h

     Pa � �gh

    
   (mmHg)  

  (bar)  1   100   
 760   1,013.25 

 1.11    
 720   13.6�10

3
   

 10 2 

   h � 720 mm � 720�10
�3

 m,  �Hg � 13.6�10
3
 kg/m

3
    g � 10 m/s

2

     Pa � �gh

       � (13.6�10
3
)(10)(720�10

�3
)

       � 0.979�10
5
 N/m

2

    0.979�10
5
        

y2

h � 
760mmHg

Pa Pa

y1

1.8 

15 1 

 

 

 100 

 10.7 

  (Blaise Pascal) 

 (Pascal’s law)

 (hydraulic) 

 1.9

1.  0.5  600 

2.  5 

3. 
 10 

 2 

4.  103 

 20 

5. 
 1.013�10

5

MA  � 
W
A   �  

A
a   �  

R
2

r
2   �  

D
2

d
2
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1.9

  1.9  F  a  P 

 A 

 W 

       � 

     F
a �

W
A

         (1.11)

  1.11  r  d 

 R  D 

      F
r
2 � W

R
2

     F
r
2 � W

R
2          (1.12)

      F

d
2

2 �
W 

D
2

2

     F
d

2 � W
D

2         (1.13)

  1.11 

     W
F

�
A
a          (1.14)

W

F A

P

P
a

F
a �

W
A

 

F
r
2 � W

R
2  

F
d

2 � W
D

2 

W
F

�
A
a  

17 1 

   W
F

   (mechanical advantage : MA)  1.12-1.14 

     MA    �   
W
F

�
A
a     �    

R
2

r
2     �    

D
2

d
2        (1.15)

 
 1.10

1.10

  1.10  F�  F 

     M � M

      F� � F�L

      F �
F�L

�

  F  1.14 

      W�
F�L

�
A
a

     W
F�

�
A
a

L
�

           (1.16)

MA    �  
W
F

�
A
a    �   

R
2

r
2     �   

D
2

d
2  

W

F

L
F�

�

A

a

W
F�

�
A
a

L
�
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 1.12   100 

 10  1,000 

   A � 100 cm2 � 100,  a � 10 cm2    m � 1,000 kg  

 

     F
a �

W
A

      F
a �

mg
A

      F
10 �

(1000)(10)
100

      F � 1,000 N

  1,000            

 1.13  
 10 : 1 

 800 

   
A
a �

10
a     W �

800 N 

 

 a 

 A  cm
2

 m
2

mg

F A

a

W � 800 n

F A

a

19 1 

     F
a �

W
A

  A
a �

W
F

      10
1

�
800
F

      F � 80 N

  80           

 1.14   0.5  0.05 

 100 

   R � 0.5 m � 100,  r � 0.05 m    F � 100 N

     F
r
2 � W

R
2

      100
(0.05)

2 �
mg

(0.5)
2

      100
0.25�10

�2 �
m(10)
0.25

      m � 1,000 kg

  1,000           

 1.15   4  48 

 10 

   a � 4 cm2,  A � 48 cm
2
   F� � 10 N

     
W
F�

�
A
a

L
�

      W
10

�
48
4

10�30
10

      W
10

� 48

      W � 480 N

  480            

W

F

30 cm
10 cm

F� � 10 N

A

a
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 (buoyant 

force : FB)

 

 1.11 

 1.1

1.  14  2,000 

2.  80  1,000 

 10 

3.  1 

 120 

 5 

21 1 

1 .11

mg

FB

mg

FB

 1.1 

  

1.  1                    2.   1 

3.  1                     4.   1 

  

1. 
   W

2. 
  
  
  

3. 
   T

4.  FB  T�FB � W 

5. 
  

6. 
  
  

T

W

FB



22    

  1.1 

 

  h  A �

 1.12

1 .12

  1.12  P1  F1

 A 

      F1 � P1A

      F1 � �gh1A

1. 
2. 
3. 

h

A

F1 h1

h2

F2
�

23 1 

  P2  F2  A 

      F2 � P2A

      F2 � �gh2A

  F2�F1

      FB � F2�F1

      FB � (�gh2A)�(�gh1A)

      FB � �gA(h2�h1)  �  �gAh

   V � Ah

    FB � �Vg         (1.16)

  FB   

   �    

   V    

  1.17  1.2  (FB) 

 (mg � �Vg) 

  (Archimedes) 

(Archimedes’s principle)

 1.16   325 

 1�10
3

 10 2

   V � 325 cm
3

� 325�10
�6

 m
3
,  � � 1�10

3
 kg/m

3
    g � 10 m/s

2

     FB � �Vg

       � (1�10
3
)(325�10

�6
)(10)

       � 3.25 N

  3.25            

FB � �Vg�  
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 1.17   0.5   2,700  

   

 1�10
3
   10 2

   m � 0.5 kg,  �Al � 2,700 kg/m
3
,  �  � 1�10

3
 kg/m

3
    g � 10 m/s

2

 
      
       �Al � m 

V

       2,700 � 0.5 
V

       V � 1.85�10
�4

 m
3

    T�FB � mg

      T�� Vg � mg

      T�(1�10
3
)( 1.85�10

�4
)(10) � (0.5)(10)

      T�1.85 � 5

      T � 3.15 N

    1.35           

 1.18   1,000    1  

 4  

   �  � 1,000 kg/m
3
  1   4    

 V  � 4 
5

V

     FB  mg

      � V g  � Vg

      (1,000)(4 
5

V)  � V

      �   800 kg/m
3
 

    800         

mg

T

FB

25 1 

 

1 
 (surface tension : )

 1.13

1.

2.  14  3 

 4  1,000 

3.  0.5 

0.46 

4.  920  1,000 

5.  800 

  F � L

  Fv � rv
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   (surface tension force)  

    

     

   

  1.14

1.14

1 .13

27 1 

 

 1.15

 

  �
F
L
             (1.18)

 

  F � L             (1.19)

  F      (N) 

        (N/m)

   L      (m)

  L 

1 .15

�
F
L

F � L 

F   �   L

 2 

F   �   

F   �   L

 ( )

F   �   

F   �   L

 2 

F   �   2L

LF L

F

F

r

F

r
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  (capillary effect)  (capillary tube)  

    

 (cohesive force)    
     (adhesive force) 

   

  1.16

1.16

  1.16   

   

 

    

 

 
    (viscosity) 

    

    (viscous force) 

   (Sir George Stokes)  

   (Stoke’s law)  
  

 

 

29 1 

     Fv � rv         (1.20)

  Fv      (N) 

        -  (N·s/m2) -  (Pa·s)

   r       (m)

   v       (m/s)

 

 1.17

 

 (terminal velocity : vt)

      FB�Fv�W � 0

      ��Vg�Fv � mg

      �� 
4
3

3
g� rvt � �

4
3

3
g

     vt �
2r

2
g(����)

9
        (1.20)

  ��    

   �     

Fv � rv 

- 2
 (dyne·s/cm2)

 (poise : P)  (Jean Louis

Maria Poiseuille)  1 N·s/m2 � 1 Pa·s � 10 P

1.17

FB

W

Fv

vt �
2r

2
g(����)�

9
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 1.19   1.5 -
14  3 

   � 1.5 Pa·s,  r � 7 mm � 7�10
�3

 m    v � 3 m/s

     Fv � rv

       � �10
�3

)(3)

       � 0.594     �     0.6 N

    0.6         

 1.20   2 

 7.8�10
3

 1.3�10
3

 0.833 -

   r � 2 mm � 2�10
�3

 m,  � � 7.8�10
3
 kg/m3,  �� � 1.3�10

3
 kg/m3    � 0.833 Pa·s

     vt �
2r

2
g(����)

9

       �
2(2�10

�3
)
2
(10)(7.8�10

3
�1.3�10

3
)

9(0.833)

       � 6.94�10
�2

 m/s

  6.94�10
�2         

1.

2. 
3.  3  6.32�10

�2

4.  1.4 

 6.4�10
�3

5.  600 

 7.2�10
3

 1 

 0.05 

31 1 

 

  
       

  
 

dynamics)    
  

 

 
  

  

 

 

   
 

P1�
1
2�v

2
1��gh1  �  P2�

1
2�v

2
2��gh2
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1 
 
(streamline)

 

 1.18

1.18

  A1

v1  A2  v2  1.19

1.19

  1.19  A1  (V1)  A1v1

 A2  (V2)  A2v2 �

 A1  A2

      m1 � m2

      �V1 � �V2

      � � �

    A1v1 � A2v2         (1.22)

v1

v2

�1

�2

A1v1 � A2v2 

33 1 

  (equation of continuity)

 (m
3
/s) 

     Q � Av         (1.23

 1.21   4 

 1  4 

   v1 � 4 m/s    A2 �  A1

     A1v1  A2v2

      A1(4)  (1
4

A1)v2

      v2  16 m/s

    16        

 
  (Daniel Bernoulli)  (Bernoulli’s 

Principle)

 1.20

1.20

Q � Av 

v2

v1

�2

�1
h1

h2
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  1.20  A1  A2

     P1�
1
2

�v
2
1��gh1 � P2�

1
2

�v
2
2��gh2        (1.24)

  P      (Pa)

   �      (kg/m
3
)

   h      (m)

   v      (m/s)

  (Bernoulli’s Equation)

 1.22   4 

 16  3�10
5

 10
3

   v1 � 4 m/s,  v2 � 16 m/s,  P1 � 3�10
5
 N/m

2
,  � � 10

3
 kg/m

3

h1 � h2

     P1�
1
2

�v
2
1��gh1 � P2�

1
2

�v
2
2��gh2

      3�10
5
�

1
2

(10
3
)(4)

2
� P2�

1
2

(10
3
)(16)

2

      P2 � 1.8�10
5
 N/m

2

  1.8�10
5         

 
 

 �

 h 

  A1

 A2

P1�
1
2

�v��
2
1��gh� 1 � P2�

1
2

�v��
2
2��gh� 2

35 1 

  P1

v1  h1  P2

 v2  h2  1.21

 

P1�
1
2

�v
2
1��gh1 � P2�

1
2

�v
2
2��gh2

  A2		A1

 v1 � 0 

v2

 v  h1�h2 � h 

 P1  P0

      P0�0��gh1 � P0�
1
2

�v
2
��gh2

      v
2

� 2g(h1�h2)

     v � 2gh          (1.25)

  1.25 

 h 

 
1.22 

v � 2gh  

1.22

h1

h

h2

A2

A1

1.21
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 1.23

  1.23 

 1.23   900 

 100 

 1.2 

  P1�P2 � 900 N/m
2
, v1 � 100 m/s 

 h1 � h2

     P1�
1
2

�v
2
1��gh1 � P2�

1
2

�v
2
2��gh2

      (P1�P2)�
1
2

�v
2
1 �

1
2

�v
2
2

      (900)�1
2

(1.2)(100)
2

�
1
2

(1.2)v
2
2

      v
2
2 � 11,500 m/s

      v2 � 107.2 m/s

    107.2        

1.23

37 1 

1.  0.2  4 

2. 
6  3 

3.  0.4  5 

 0.2  1 

 1�10
5

4.  1 

 20 

5.  100 

 800 

 1.6 
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1.  6 

2. 
3. 

 

1. 

2.  (polyethylene terephthalate : PET)

3. 

4. 
5. 

39 1 

Knowledge

 
      � �

m 
V

 
      P �

F 
A

 
      P � Pa��hg

 

  Favg �
�gh

2
L

2
      Favg �

�gh
2
L

2 sin

 

      �1gh1 � �2gh2

 

 

      MA    �   
W
F

�
A
a     �    

R
2

r
2     �    

D
2

d
2

 
 

      FB � �Vg
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Process

 1. 

-

 2. 

3. 

4. 

 5. 

Attribute

1. 
2. 
3. 

 
 

      F � L

 

 
 

      Fv � rv

  4 

 

 

 

      P1�
1
2

�v
2
1��gh1 � P2�

1
2

�v
2
2��gh2

41 1 

1. 5�15�30 

 2.0 

2.  80  1.03�10
3

3.  600 

 15 

  3.1 
  3.2. 

4.  M  5.0  1�10
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