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7. S
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S
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9.
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1. +3.2 × 10-19

1.2 2.5 × 105  

 F  =  qvB sin
v ⊥ B  F  =  qvB

F  = 3.2 × 10-19 C 2.5 × 105 m/s 1.2 T
           =  9.6 × 10-14 N
 9.6 × 10-14

2. 5.0 × 105

4.0 × 10-6

 F  =  qvB sin
v ⊥ B  F  =  qvB

4.0 × 10-6  = 1.6 × 10-19 C 5 × 105 m/s B
        B

6

19 5

4 10 N
(1.6 10 C)(5 10 m/s)

−

−

×
× ×

           =  5.0 × 107 T
 5.0 × 107

3. 2.0 × 106  
5.0 × 10-2 4.8 × 10-14

 F  =  qvB sin
v ⊥ B  F  =  qvB

q F
vB

q
14

6 2

4.8 10 N
(2.0 10 m/s)(5.0 10 T)

−

−

×
× ×

           =  4.8 × 10-19 C
 4.8 × 10-19
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4. 2.84 × 10-2

4.0  

  

         2 21 1
2 2

mv mu− q VΔ

                21
2

mv q VΔ

v
2q V

m
Δ

v
19 -2

31

2 (1.6 10 C)(2.84  10 V)
(9.1 10 kg)

−

−

× × ×
×

=

=

=

           =  9.9934 × 104 m/s
           F  =  qvB
               = 1.6 × 10-19 C 9.9934 × 104 m/s 4.0 T
           =  6.395 × 10-14 N
 6.4 × 10-14

5. 6.68 × 10-27 +3.20 × 10-19  
3 × 106 1.0

  

           r mv
qB

r 
27 6

19

(6.68 10  kg)(3 10  m/s)
(3.20 10  C)(1.0 T)

−

−

× ×
×

=

=

           =  6.26 × 10-2 m
 6.26 × 10-2
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6. 3.34 × 10-27  

+1.60 × 10-19 4 × 106  
10

  
FB

               
BF  2mv

r
qvB

2mv
r

B mv
qr

27 6

19

(3.34 10  kg)(4 10  m/s)
(1.60 10  C)(0.10 m)

−

−

× ×
×

=

=

=

=

           =  0.84 T
 0.84

7.  

      

Se

  I I  
B S

7



104 515

 

       

B

II

F

 

8. B  C D
A ABCD

       

AABB

CC D

4  
A  

 2
F A

7

8



1055 15

 

    

FF

FF
F

A 3 FB  FC FD

FB  =  FD FB + FD FC 
A  F FB + FC + FD A C

A A C
 A A C

9. P Q  

   

ss

P Q

S P Q  

S P Q  

 S P  
P P Q

S  
 P Q P Q  

P Q

8
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 P Q
 P Q

10. 800 20  
0.3 0.5  

  
M  =  NIBA cos

cos   =  
            =  1

M  = 20 0.5 A 0.3 T 800 × 10-4 m2

           =  0.24 N m
 0.24

11. 120 40
    2 0.25 60

  
M  =  NIBA cos
M  = 40 2 A 0.25 T 120 × 10-4 m2 1

2
⎛ ⎞
⎜ ⎟
⎝ ⎠

  
        =  0.12 N m

 0.12

9
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12. 3 × 5 20  

0.5  
5 5  

 

  
F  =  IlB sin

5
         F  =  IlB

F  =  (5 A)(5 × 10-2 m)(0.5 T)
           =  0.125 N

20  
5 20

                   F  =  (20)(0.125 N)
           =  2.50 N

3  

M  =  NIBA cos
0

        M  =  NIBA
M  = 20 5 A 0.5 T 3 × 5 × 10-4 m2

           =  7.5 × 10-2 N m
 5 2.5  

3  
7.5 × 10-2
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13. R
                 

R

i R t
         

2TTTTTTTTTTTTT0
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R
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13
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R i t
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14.  50 100

                
50
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50 0.8 V  

 100 50  
Vrms Vrms  =  Irms R 

 0

2
I

rmsI

Vrms  =  Irms R
                  

rmsV 0

2
I R

rmsV (0.8A) (100 )
1.414

Ω

             Vrms =  56.6 V
 V 56.6

15.
           

V

100

V 200
100

 Vrms

   Vrms  =  Irms R  0

2
I

rmsI

 
0I ( )rms2 V

R

0I

0I

200 2 V
100 Ω

2 2 A
           =  2.82 A

15
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 100
   2.82

16. 10
       

10

i  =  2 sin (100 )

 i  =  I0 sin
  =  2

          100  =  2
f  =  50 Hz

50
 

i v  =  V0 sin ( )
V0 V0  =  I0R

V0  =  
        V0  =  20 V

v  =  20 sin (100 )
 50

v  =  20 sin (100 )

16
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17. v t

1 2 3 4 5 60 t

v (V)

-200

200

4 5 64 5 64 5 6332211 4 5 64 5 6332211 4 5 64 5 633221111111 22222 33333
210 s

 200 V

                
rmsV 0

2
V

rmsV 200 V
2

           =  141.4 V
2 × 10-2 s

        f 1
T

f 1
0.02 s

           =  50 Hz
 200  141  

0.02 50

17
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18. i  =  20 sin 
i t i t  =  0 

2
π
ω

π
ω

3
2
π
ω

 
2π
ω

i t 

 i  =  20 sin t  =  0 
2
π
ω

π
ω

3
2
π
ω

 

  2π
ω

t  =  0A  20A  0A -20A 0A  

i  =  20 sin I0 20A 2π
ω         

 

20

-20

2 t

i

  i t  =  0 
2
π
ω

π
ω

3
2
π
ω

2π
ω

0A  20A  0A -20A  

0 A

18
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19.
            

100 V 220 V 100

 
2V

R
P IV

                 P1  =  P2

             
1IV

2
2V
R

(100 V)I
2(220 V)

100Ω
        I  =  4.84 A

4.84
 5

19
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20. +2e P v  
B v B Q  

      

v

B

P Q

4.79 × 107  
4.0 × 10-6 P Q

  P Q
2
T  

T 2 r
v
π r mv

qB          
T 2 m

qB
π

2
T m

qB
π

( )( )q m B
π

2
T

67(4.79 10  C / kg)(4.0 10  T)
π

−× ×
           = 1.64 × 10-2 s
 P Q 1.64 × 10-2

20
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21 1.67 × 10-27 1.60 × 10-19

v +x 6.68 × 10-5  
+y 20

v
  v +x  

        B y FB  
FB z

            y

z

x

B

BFB

v
p

          xz
v

                   r mv
qB

v
qBr
m

v
19 5

27

(1.60 10  C)(6.68 10  T)(0.20 m)
1.67 10  kg

− −

−

× ×
×

          

          

           = 1.28 × 103 m/s
 xz

1.28 × 103

21
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22. 9.10 × 10-31 1.60 × 10-19

v 4.0 × 105

4.0 0.50
          

4.0 cm

e
v

 B

  FE  
FB  

v

B

F F

22

22
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FE  

    FB

          FE  = FB

          qE  = qvB
             v 

v
 

E
B

54.0 10  N/C
0.50 T
×

=

=

           = 8.0 × 105 m/s

         v s
t

t
s
v

t
2

5

4.0 10  m
8.0 10  m/s

−×
×

=

=

=

           =  0.50 × 10-7 s
           =  50 × 10-9 s
           =  50 ns
 8.0 × 105

50

23. 1.67 × 10-27 1.60 × 10-19  
640  

 4.0

  m q V  

             21
2

mv qV
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         v

v

2qV
m

19

27

2(1.60 10  C)(640 V)
1.67 10 kg

−

−

×
×

           =  3.50 × 105 m/s

         r
mv
qB

B
mv
qr

B  
27 5

19 2

(1.67 10  kg)(3.50 10  m/s)
(1.60 10 C)(4.0 10  m)

−

− −

× ×
× ×

           =  9.13 × 10-2 T
 3.50 × 105

9.13 × 10-2

24. 10 6.0 x  
0.4 z

     

0 cmcm
6.0 cm
6.0 c0 cmc

y

xz

mg
III

B

24
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5.0 +x

9.8

   F  =  IlBsin  

         F  = IlB
F  =  (5.0 A)(6.0 × 10-2 m)(0.4 T)

           =  0.12 N
0.12

F +y
    y

xz

mg

I = 

B
F

 
a F = ma +y   

               F - mg  = ma
0.12 -3 kg)(9.8 m/s2)  =  (10 × 10-3 kg) a

                 a  =  2.2 m/s
 0.12

2.2

24
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25. 25 10  
k  

x 0.4

      
y

x

8.0 +x
1.0 k

  
   

x

mg

kx

25

25
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25 x1  

        W  = mg

             =  (25 × 10-3 kg)(9.8 m/s2)

             =  0.245 N

                 F  =  0
                  kx1  = mg

+x  

        FB  = IlB
        FB  = 8 A 0.10 m 0.40 T
             =  0.32 N

1
 
 

1 × 10-2  x1

x

mg

kx
I

I

mg

FBF

F

25
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FB  = mg + k (1 × 10-2  x1)

                  IlB  = mg + k (1 × 10-2  kx1
 mg = kx1

                  IlB  = k (1 × 10-2 m)
0.8 A 0.10 m 0.40 T  = k (1 × 10-2 m)

            0.32 N  = k (1 × 10-2 m)
          k  =  32 N/m

 
 
 

F  
x1

  

x x

F

x

F  = 0
F  = kx1 1

F x  

25
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 0x 1x 1x x

FF

 0x 1x

F

 0x

                    F  = 0
F F  = k (x1 x)

1
F  = k x

+x  
 

   1.0
                     FB  = k x
                     IlB  = k (1 × 10-2 m)

0.8 A 0.10 m 0.40 T  = k (1.0 × 10-2 m)
              0.32 N  = k (1.0 × 10-2 m)
            k  =  32 N/m
 k  32 

25
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26 15 x

B xy B x y
0.40 0.30 6.0 +x 

  l x I +x   

               y

x

B

6.0 AI 0.4 TxB

0.3 TyB

B xy
      Bx By B x y
      Bx  =  0.40 T By  =  0.30 T

By  

           F  = IlBy

           = 6.0 A 0.15 m 0.30 T
           = 0.27 N

F +z
0.27 +z  

Bx

      0.27 +z

26
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27 l 0.80  

I  
20 I

  l B I  
F

         F  = IlB

         F  = IlB
I

           I F
lB

I
( / )F l

B
20 N/m
0.80 T

           = 25 A
 I 25

28. 0.40 ABCDE  

     

60 60
B DA E

C

I

B

AB DE 10 BC CD 20
I 3  

28
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  l I B F  

 
           F  = IlB sin

AB DE B
                   FAB  = FDE

               =  0
BC  CD B

                   FBC  = FCD

               = IlB
               3(3 A)(0.20 m)(0.40 T)

2
⎛ ⎞
⎜ ⎟⎜ ⎟
⎝ ⎠0.12 3 N          

FBC FCD FBC FCD  
FBC FCD  

  

29. 0.40 ABCDE  

         

60 60
B DA E

C

I

B

I I

29
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AB DE 10 BC CD 20

3.0  
ABCDE

  l I B  
F

         F  = IlB
              = IlB 

F1 AB DE l1 F1

                      F1  = Il1B
F1 F1 y

        

I

B

I I

F F

F F

F2 F3 BC CD l2 F2 F3  

                      F2  = F3

              = Il2B
      F 2 F 3 BC CD  

F2 F3 x y x  
y –y

                      F2y  = F3y

              =  (Il2B)
              = I (l2  B

29
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               2

2
lI B⎛ ⎞
⎜ ⎟
⎝ ⎠

=
F

                   F  = F1 + F2y + F3y + F1

              =

              = I (l1 + l2 + l1) B
             F  =  (3.0 A)[(0.10 m + 0.20 m + 0.10 m)](0.40 T)

           = 0.48 N
0.48 ABDE

      0.48  ABDE y

30. 20 8.0  
2.0 10  

     

B

P

R

Q S

I

I

P R
Q S

  P R  
PSR  

PQR

30
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B

I

I

P R
                    MC  = NIAB cos
           = NI( 2) B
           = (20)(10 A)(3.14)(8.0 × 10-2 m 2) 2(2.0 T)(1)
           = 8.04 N m

Q S  
QPS  

QRS  
Q S  

Q S
    

B

I

I

30

30
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  P R 8.04
  Q S 0

31. abcd  

    

R

 

   
 
 

31
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brush  
slip rings

32. 200  50  
220

100  

   
1

2

ε
ε

1

2

N
N

R

P
2V

R
V 2

1

2

ε
ε

1

2

N
N

2

220 V
ε

200
50

          2  =  55 V

31



1335 15

2P
2

2

R
ε

100 W
2(55 V)

R
                            R  =  30.25 
  30.25

33. 230  
0.5

   

          P1  = P2

                P2  = I1V1

P2  =  (0.5 A)(230 V)
                                  = 115 W
  115 

34. 50 220
 

5  
200 100

   
    

V
V

R

R

N

N

34
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2

1

ε
ε

2

1

N
N

2

220 V
ε 100

200
          2  =  110 V

           V  = IR
            110 V  = I
            I  =  2 A

           P  = I 2R
          = (2 A)2

          = 200 W
  200
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1.
  

 
1 100  

 
0 100  

273.15 373.15

2. 1000
 1 1 1 

1000 

3. 1 2  

 2 1  
1  

 
 

450

4. 

 800
1 1 800  

4180 1
1 4180  
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5. 4186 2400

 

  
 

6. 2.256 × 106 

 1 100  
100 2.256 × 106

7. 1 0  

 1 0  
 

333 1
333

8. 100 1  

 1 100
 

2256 1
2256

9. 1  

  
 

1 100  
2256
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10.  

   
2256  

333  

11. 
   

12.  

  

 

  
BC DE

AB
BC
CD
DE
EF

13.

AB BC CD DE EF

CD 

-20

20

40

60

80

0

0 4 8 12 16 20 24

B C

D E

F

C)

AA

13 
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CD

50
-10

  
AB BC CD

55
BC

15. x

x
x

x 1 x 79  

   
x  

x
x x  

14.

AB BC CD

BC 

14 

จุดหลอมเหลว

-114 79

(°C)
ความรอนแฝงของ

การหลอมเหลว (J/kg)
ความรอนแฝงของ

การกลายเปนไอ (J/kg)
จุดเดือด
(°C)

1.04 x 105 8.54 x 105

A

B C

D

45

50

55

60

65

0 2 4 6 8 10

C)
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x 8.54 × 105  

x 1 8.54 × 105 

16. 
  

 

37  

17. 
   

18. 
   

rmsv 3 Bk T
m

19. 
   

20.  

  U   
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21. 

  W 
Q  

 Q U + W U W U = W 
U 

22. Q U + W

   
 

Q W = 0 Q U  
 

P  T  

Q  
W = 0 Q U  

U Q  
 

 
 

Q U  
Q = 0 W U  
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1. 
27 C,  –155 C,  115 C –78.50 C
450 K,  89 K,  172 K 4.20 K

 T  =  t + 273.15
T  =  (27+273.15) K    =  300.15 K
T 
T  =  (115+273.15) K    =  388.15 K
T   

t  =  T 
T  =  450 K t  
T  =  89 K t   
T  =  172 K t  
T  =  4.20 K t  

 300 K,  118 K,  388 K 194.65 K
177 C,  –184 C,  –101 C  –268.95 C

2. 1500 12

 Q  =  1500 J T  12 K
Q  =  C T             

1500 J  =  C (12 K)
C  =  125 J/K

 125
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3. 1.00 × 106  

2
 m  =  1.00 × 106 kg,  c  =  4186 J/kg K  T  =  2 C  2 K

Q  =  mc T
    Q  =  (1.00 × 106 kg)(4186 J/kg K)(2 K)

               =  8.37 × 109 J
 8.37 × 109

4. 4.00  
10

 m   =  m   =  m   =  4.00 kg
      T   = T   = T   =  10 C 10 K
      c   =  4186 J/kg K,  c   =  800 J/kg K c   =  390 J/kg K

Q  =  mc T
             Q   =  (4.00 kg)(4186 J/kg K)(10 K)

               =  1.67 × 105 J
Q   =  (4.00 kg)(800 J/kg K)(10 K)

               =  0.32 × 105 J
Q   =  (4.00 kg)(390 J/kg K)(10 K)

               =  0.156 × 105 J
 1.67 × 105 0.32 × 105

   0.156 × 105

5. 104 2  
10 

 Q  =  104 J,  m  =  2  kg  T  =  10 C  10 K
Q  =  mc T

104 J  =  (2 kg)(c)(10 K)
           c  =  500 J/kg K
 500
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6. m 60  

m
 
   

            =  138.5 K 

 138.5

7. 2.0 –5 100 

 2.0 kg
  

   

 Q mc= T1 1 1

 Q mc= T3 3 3

 Q m= L2 2

 Q m= L4 4
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   Q 
      Q  =  Q1 + Q2 + Q3 + Q4

           =  m1c T1 + mL2 + m3c T3 + mL4

   Q  =  (2.0 kg)(2100 J/kg K)(5 K) + (2.0 kg)(333 × 103 J/kg) +
        (2.0 kg)(4186 J/kg K)(100 K) + (2.0 kg)(2256 × 103 J/kg)
   Q  =  6.04 × 106 J
 6.0 × 106

 A C  
B  

A  
B C  

60  
60

A  
   100 2 120  

100 J/s × 120 s  =  12 000 J   
Q  =  mc T

12 000 J  =  (0.2 kg)(c

c    2000 J/kg K

8. 0.2  
100  

A B C

 

 
8

A B C

0

20

40

60

80

0 2 4 6 8 10

C)
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B  

100 6 360  
100 J/s × 360 s  =  36 000 J  

Q  =  mL
36 000 J  =  (0.2 kg) L

L  =  180 000 J/kg
 A

B
C

60 
2000

180 000

9. 50 20
100 1

Q1  =  mc1 T1

Q2  =  mL2

Q3  =  mc3 T3

Q4  =  mL4

Q
      Q  =  Q1 + Q2 + Q3 + Q4

           =  mc1 T1 + mL2 + mc3 T3 + mL4

   Q  =  (50 × 10-3 kg)(2.1 × 103 J/kg K)(20 K) + 
        (50 × 10-3 kg)(333 × 103 J/kg) + 
        (50 × 10-3 kg)(4.186 × 103 J/kg) (100 K) + 
        (50 × 10-3 kg)(2256 × 103 J/kg) 
           =  2100 J + 16 650 J + 20 930 J + 112 800 J
   Q  =  152 480 J
 152 480
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10. 4 300  

200
   P1  =  300 × 103 Pa,  P2  =  200 × 103 Pa V1  =  4 × 10-3 m3

P1 V1  =  P2 V2

300 × 103 Pa (4 × 10-3 m3)  =  (200 × 103 Pa) V2

            V2  =  6 × 10-3 m3

   6 

11. 27 60
–73

    T1 V1  =  60 m3 
T2  

            V2  =  40.01 m3

   40

12. 107 620 
307  

    T1 P1  =  620 kPa 
T2  

             P2  =  946.19 kPa
    946

P
T

1

1

P
T

2

2

)K15.380(
)kPa620(

K15.580
2P
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13. 

–5 35
100 25

   

 T1

T2  

           P2  =  1.15 P1

 T1

T2  

           P2  =  0.80 P1

   1.15
0.80

K15.373
1P

K15.298
2P

K15.268
1P

K15.308
2P

P
T

1

1

P
T

2

2

14. 1.0 27 1.0 

127 0.5
–73 2.0

   P1 V1 T1  
P1  =  1 atm,  V1  = 1 m3 T1   

P2 T2 V2

1

11

T
VP

2

22

T
VP

2V
1

11

T
VP

2

2

P
T
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T2  P2  =  0.5 atm

2V
K15.300

)m1)(atm1( 3

atm5.0
K15.400

             =  2.67 m3

T2  P2  =  2 atm

2V
K15.300

)m1)(atm1( 3

atm2
K15.200

             =  0.33 m3

   2.67
0.33

15. 27 1.8 × 10-2 
1.0 × 105

18 0.8 × 105  

   
T2 V2  =  1.8 × 10-2 m3 
P2  =  1.0 × 105 Pa
T2  P2  =  1.0 × 105 Pa

1

11

T
VP

2

22

T
VP

K15.300
)m108.1)(Pa100.1( 325

K291.15
)Pa108.0( 2

5 V

                  V2  =  2.18 × 10-2 m3 
   2.2 × 10-2
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16. 3

 

   P1 V1 T1

P2  =  3 P1 T2

1

11

T
VP

2

22

T
VP

1 1

1

PV
T

1 1

2

1(3 )(      )2
P V

T
2

1

T
T

3
2

   3
2

17. 2 × 10-3 17 2 

   P  = 2 × 1.013 × 105 Pa,  V  =  2 × 10-3 m3

T1  
PV  =  nRT

2 × 1.013 × 105 Pa (2 × 10-3 m3)  =  n (8.31 J/mol K)(290.15 K) 
             n  =  0.17 mol
   0.17
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18. 10 27

2.5 × 105

2
   m

n

       n  3(0.5 10 ) mol/kg
2g/mol

m m  

P  = 2.5 × 105 N/m2,  V  =  1 × 10-2 m3,  n  =  m (0.5 × 103) mol/kg
T  

PV  =  nRT
2.5 × 105 N/m2 (1 × 10-2 m3)  =  [m (0.5 × 103) mol/kg] (8.31 J/mol K)(300.15 K)

          m  =  2.0 × 10-3 kg
         m  =  2.0 g
   2.0

19. 0.2 1.0 × 1024  
2.0 × 10-26 600  

    
v1  =  v v2  =  –v
p  =  mv2  – mv1

                  = –mv – mv
                  =  –2mv

p  =  –2 (2.0 × 10-26 kg)(600 m/s)2

                  =  –2.4 × 10-23 kg m/s
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f
2mv

l

f
262(2.0 10 )(600 / )

0.2
kg m s

m

=

=

                   =  3.6 × 10-20 N

21
3

Nm v
V

P

P
24 26

21 (1.0 10 )(2.0 10 ) (600 / )
3 (0.2m 0.2m 0.2 m)

kg sm

=

=

                   =  3.0 × 105 Pa
   –2.4 × 10-23

3.6 × 10-20

3.0 × 105

20. 6.3 × 10-21  
2.4 × 1025

   kE   =  6.3 × 10-21 J  N
V

  =  2.4 × 1025 m-3

=

=

= 

              =  1.008 × 105 Nm-2

   1.0 × 105
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21. 0  

1
    

kE
2
3 TkB

kE
2
3  (1.38 10 23 J/K) (273.15 K)  

=

=

              =  5.65 × 10-21 J
    5.65 × 10-21

22. 0  
2

   

        kE
2
3 TkB

1kE
2
3

1BTk

2kE
2
3

2BTk

2

1

k

k

E
E

1B

2B

2
3
2
3

Tk

Tk

2T 2

1

k
1

k

E
T

E

=

=

=

=

=

2T 1T
1kE

1kE2
=

=  (2)(273.15 K)
                =  546.30 K
   546.30 273.15
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23. 280
     T  =  280 K  

1 MN  =  28 × 10-3 kg mol-1

=

=
=

=

= =

× =  mN 
1 × =  Mn

mN  =  Mn

           =

rmsv
3RT
M

rmsv 13 molkg1028
)K280)(molK/J31.8(3

kE TkB2
3
499.3 ms 1

kE
2
3 (1.38 10 23 J/K) (280 K)  

=

=

=

=

=

     

                 =  5.80 × 10-21 J
   499
     5.80 × 10-21
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24. 450
   T  =  450 K MNe  =  20 × 10-3 kg mol-1

rmsv
3RT
M

rmsv 13 molkg1020
)K450)(molK/J31.8(3

kE TkB2
3
749 ms 1

kE
2
3 (1.38 10 23 J/K) (450 K)  

=

=

=

=

=

    

                 =  9.32 × 10-21 J
   749
    9.32 × 10-21

25. 1.00 27
   n  =  1.00 mol T1  

U nRT
2
3

U

=

=

             =  3741.4 J
   3.74

26. 20 293  
20

20
   U =

R T  =  20 K n  =  1 mol

U
2
3 (1 mol) (8.31 J/mol K)( 20 K )    =

             =  249.3 J
   0.25
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27. a b  

P V

        
30

20

10

0 3 42

P (N/m2)

1
V (m3)

c

a

b

    a  b P  V  
U U2  – U1  

U  =  U2  – U1

= = =

= = =

3

3

      U  =  120 J – 45 J
           U  =  +75 J 
   75

28. 142 160

    Q  =  +142 J
W  =  +160 J
Q U + W

    U  =  Q – W
U  =  142 J – 160 J

                =  –18 J
   18

27 
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29. 1  

 
30

    Q U 
W  

Q U + W

    Q

Q 3
2

nR T

3 + 0
2

nR T=

=

n  =  1 mol T  
Q 3 (1 mol)(8.31 J/mol K)(30 K)

2
 =

                =  374 J
   374 

30. 

2100 400
1260 420

5000
    

U  =  Q – W
Q 

Q 
W

W
W

U  =  (+2100 J) – (+400 J)
                =  +1700 J

U  =  (+1260 J) – (–420 J)
                =  +1680 J
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U  =  (–5000 J) – (0 J)

                =  –5000 J
   1700

1680
5000

31. 10 500  

  
                   Q  =  mc T

Q  =  10 × 103 J ,  m  =  500 × 10-3 kg  c  =  449 J/kg 
10 × 103 J  = 500 × 10-3 kg 449 J/kg T Fe

T Fe  =  44.54 
Q  =  10 × 103 J ,  m  =  500 × 10-3 kg  c  =  390 J/kg 

10 × 103 J  = 500 × 10-3 kg 390 J/kg T Cu

T Cu  =  51.28 
51.28  44.54   6.74 

     
    6.7

32. 80 100
200 30

  t 
                   Q  =  mc T

                     Q1  =  m1 c1 t – T1 
                           =  200 × 10-3 kg 4.186 × 10-3 J/kg t – 30 
                           =  837.2 J t – 30 
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                   Q2  =  m2 c2 T2 – t
                         =  80 × 10-3 kg 900 J/kg 100 t)
                         =  72.0 J 100 t)

Q1  =  Q2

837.2 J t – 30   =  72.0 J 100 t)
       837.2 J t) – 25 116 J  =  7200 J – 72.0 J t)
              909.2 J t)  =  32 316 J
           t  

                   Q2  =  72.0 J 100 
              =  4641 J
    36

4.6

33. 120 150
250 98

500
   m 100 

               Q1  =  m1 c1 t
            Q1  =  20 × 10-3 kg 500 J/kg 150  – 100 
                   =  3000 J

               Q2  =  m2 c2 t + mL
            Q2  =  250 × 10-3 kg 4.186 × 103 J/kg 100  – 98 
                + m 2.256 × 103 J/kg
                   =  2093 J + m 2.256 × 103 J/kg
            Q1  =  Q2

      3000 J  =  2093 J + m 2.256 × 103 J/kg
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              m  =  0.4 × 10-3 kg

m  =  0.4 g
   0.4

34. 200 300 
70 0

    
 
 

4
1 T  =  0 
2 0  

0 T < 100 
3 T  =  100 
4 T  

 (1) T  =  0 
70 g 7 × 10-2 kg

Q1  =  mLf

Q1  =  (7 × 10-2 kg)(3.33 × 105 J/kg)
                       =  23 310 J

200 g 0.2 kg 0 
Q2  =  mc T
Q2   – 0)

                       =  54 000 J
Q2 > Q1  

 
1

3 4  T  =  100 
7 × 10-2 kg 100 



202 516

 
Q3  =  Q1 + mc T
Q3  =   23 310 + (7 × 10-2  – 0)

              =  52 612 J
0.2 kg

Q4  =  mcAI T
Q4   

              =  36 000 J
Q3 > Q4  

 
3 4

(2)  0 T < 100 

                       Q   =  Q
          Q1 + mc (T – 0)  =  mc  – T)
   23 310 J + (7 × 10-2 T  – T)

T  =  54 000 J T
              T
   65 

35. 27 1.0 
1.0

ที่

ก.
ข.
ค.
ง.

อุณหภูมิสูงและความดันต่ำ
อุณหภูมิและความดันสูง
อุณหภูมิและความดันต่ำ
อุณหภูมิต่ำและความดันสูง

127

127

-73

-73

0.5

2.0

0.5

2.0

ความดัน (บรรยากาศ)สภาวะ อุณหภูมิ (°C)
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   P1  =  1 × 1.013 × 105 N/m2 ,  V1  =  1 m3 
          T1  =  (27 + 273.15) K  =  300.15 K

          1

11

T
VP

2

22

T
VP

1 1 2

1 2

PV T
2V

T P

=

=

P2  =  0.5 × 1.013 × 105 N/m2 T2  =  (127 + 273.15) K  =  400.15 K

      2V
5 2 3

5 2

(1 1.013 10 N/m )(1 m ) (400.15 K)
(300.15 K) (0.5 1.013 10 N/m )

=

            =  2.67 m3

P2  =  2.0 × 1.013 × 105 N/m2 T2  =  (127 + 273.15) K  =  400.15 K

      2V
5 2 3

5 2

(1 1.013 10 N/m )(1 m ) (400.15 K)
(300.15 K) (2.0 1.013 10 N/m )

=

            =  2.67 m3

P2  =  0.5 × 1.013 × 105 N/m2 T2  =  (–73+ 273.15) K  =  200.15 K

      2V
5 2 3

5 2

(1 1.013 10 N/m )(1 m ) (200.15 K)
(300.15 K) (0.5 1.013 10 N/m )

=

            =  1.33 m3

P2  =  2.0 × 1.013 × 105 N/m2 T2  =  (–73 + 273.15) K  =  200.15 K

      2V
5 2 3

5 2

(1 1.013 10 N/m )(1 m ) (200.15 K)
(300.15 K) (2.0 1.013 10 N/m )

=

            =  0.33 m3
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36. 

300

    PV  =  nRT n , R T   
  PV  =  nRT V -1  

P V -1

     slope  =  nRT   n slope
RT

 =

   R  =  8.31 J/mol K  T  =  300 K

   n
379.17 Pa m

(8.31J/molK)(300K)
=

                    =  0.032 mol
    0.032

5( 10 Pa)Pความดัน
6 3( 10 m )V -ปริมาตร

1.00 1.50 2.00 2.50 3.00

815 545 405 320 272

5( 10 Pa)Pความดัน
6 3( 10 m )V -ปริมาตร

1.00 1.50 2.00 2.50 3.00

815 545 405 320 272

1.23 1.83 2.47 3.13 3.681 3 3( 10 m )V - -สวนกลับของปริมาตร

slope

55

3 3 3 3

(2.90 10 Pa) (1.00 10 Pa)
(3.6 10 m ) (1.2 10 m )- -

-
-

379.17 Pa m

1

P
V -=

=

=
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37.  0.1 27 

1.0  
32

   32  1 mol 32 × 10-3 kg
0.1 × 103 mol = 32 × 10-3 kg 0.1 × 103 =  3.2 kg

1 =  6.02 × 1023

0.1 × 103 =  0.1 × 103 × 6.02 × 1023 
                 =  6.02 × 1025 

27 1
T1   
P  =  1 atm  =  1.013 × 105 Pa

               PV  =  nRT
1.013 × 105 Pa V  =  (0.1 × 103 mol)(8.31 J/mol K)(300.15 K)

                  V  =  2.46 m3

   0.1 3.2 6.02 × 1025  
27 1 2.5

38. 207 303
1.01 × 105

 

 
 

   N
           PV  =  nkBT

1.01 × 105 Pa (207 × 10-3 m3)  =  N(1.38 × 10-23 J/K)(303 K)
            N  =  5.0 × 1024
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2 2

2 2

PV
N T

1 1

1 1

PV
N T

2P 1 1

1 1

PV
N T

2 2

2

N T
V

kB

V2  =  V1  
   T2  =  T1

             
2P 1 1

1 1

PV
N T

2 1

1

N T
V

             2P 1
2

1

P N
N

N2  =  2N1

2P 1
1

1

P (2N )
N

                  =  2P1

                  =  2(1.01 × 105 Pa)
P2  =  2.02 × 105 Pa

 
2  

 

   2P 1
2

1

P N
N

 

2.02 × 105 Pa
   5.0 × 1024

 
2.02 × 105 

2.02 × 105
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39. 200 20

20  

   
PV  =  nRT

     
P0 200 V  =  200 × 10-3 m3 n = 20 mol

P0 (200 × 10-3 m3)  =  (20 mol) RT a
     

P 220 V  =  (200 + 20) × 10-3 m3 n = 20 mol
P (220 × 10-3 m3)  =  (20 mol) RT b

(a)  =  (b)
             P0 (200 × 10-3 m3)  =  P (220 × 10-3 m3)

                P 0
10
11

P=
20

nv = 20 20 P 0
10
11

P= V = 20 × 10-3 m3

PV  =  nRT

20v n RT=

3 3
0

10 (20 10 m )
11

P - = c

     (c) / (a) 

                3 3
0

10 (20 10 m )
11

P -

3 3
0 (200 10 m )P -

20v n RT=

(20 mol)RT
=

n  =  1.82 mol
   1.8
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40. 2  

0.8

   =   =  1.5 PV

               

2 2 1 1
3
2

PV PV  [ ]-
2 2 1 1

3 3
2 2

PV PV  -
2 1E E-kE

kE

kE  

=

=

=

      P1  =  P , V1  =  V  P2  =  2P , V2  =  0.8V

kE  

 
3 (0.6 )
2

PV  

 0.9PV 

  

60% 

kE
k

1

100%E
E
0.9 100 %
1.5

PV
PV

 

3 (2 )(0.8 ) ( )
2

P V PV-[ ]=

=

=

=

=

=
   60

41. A B A 
B

A B 
A B

   

            kE B
3
2

k T=

     A B  
A B  

A B
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mA mB A B

         MA MB A B MA  =  MB

    จำนวนโมเลกุล
มวลของโมเลกุลของแกส

มวลของแกส
=

    A  AN A

A

M
m

=

B BN B

B

M
m

=

    

           
kE  =

    A =

B B
B

B

=

     A B
         

A

B

k

k

E
E

A
B

A

B
B

B

3
2
3
2

M k T
m
M k T
m

=

=         

mA mB 1B

A

m
m

< <

   A B
A B  
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42.  

 

   P1 V1 T1 N1  

1kE
P2 V2 T2 N2 

2kE
P2  =  2P1 T2  =  T1  

P2 V2  =  P1 V1 T
2P1 V2  =  P1 V1

2

1

V
V

1
2

=

PV  =  NKBT

 

 

  

1

1

N
V

1

B 1

P
k T

2

2

N
V

2

B 2

P
k T

N
V
N
V

2

2

1

1

1

2

P
P

1

1

2P
P

=

=

=

=

a

b

b a

                  =  2
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B
3
2

k TkE

1kE B 1
3
2

k T

2kE B 2
3
2

k T

1

2

k

k

E

E
2

1

T
T

c
 

d

    d c

                 =  1
   1/2

2

 1

43.  0.1  0.1 0.2 20  
 1.0 × 10-3 

    3.0 m/s   5.0 m/s   6.0 m/s   1.0 m/s
    3.0 m/s   4.0 m/s   4.0 m/s   2.0 m/s
    7.0 m/s   4.0 m/s   5.0 m/s   6.0 m/s
    2.0 m/s   4.0 m/s   5.0 m/s   3.0 m/s
    8.0 m/s   4.0 m/s   5.0 m/s   5.0 m/s

   
      v   =  (v1 + v2 + v3 + v4 + v5 + v6 + v7 + v8 + v9 + v10 + v11 + v12 + v13  

           + v14 + v15 + v16 + v17 + v18 + v19 + v20) / 20
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v   =  (3.0 m/s + 5.0 m/s + 6.0 m/s + 1.0 m/s + 3.0 m/s + 4.0 m/s  

          + 4.0 m/s + 2.0 m/s + 7.0 m/s + 4.0 m/s + 5.0 m/s + 6.0 m/s  
          +2.0 m/s + 4.0 m/s + 5.0 m/s + 3.0 m/s + 8.0 m/s + 4.0 m/s  
           + 5.0 m/s + 5.0 m/s)/20

              =   4.3 m/s
2vrmsv

            2v   =  (v1
2 + v2

2 + v3
2 + v4

2 + v5
2 + v6

2 + v7
2 + v8

2 + v9
2 + v10

2 + v11
2  

          + v12
2 + v13

2 + v14
2 + v15

2 + v16
2 + v17

2 + v18
2 + v19

2 + v20
2) / 20

2v   =  [(3.0 m/s)2 + (5.0 m/s)2 + (6.0 m/s)2 + (1.0 m/s)2 + (3.0 m/s)2  
          + (4.0 m/s)2 + (4.0 m/s)2 + (2.0 m/s)2 + (7.0 m/s)2 + (4.0 m/s )2  

          + (5.0 m/s)2 + (6.0 m/s)2 + (2.0 m/s)2 + (4.0 m/s)2 + (5.0 m/s)2  

            + (3.0 m/s)2 + (8.0 m/s)2 + (4.0 m/s)2 +(5.0 m/s)2 + (5.0 m/s)2]/20
              =   21.3 m2/s2

2vrmsv 22 /sm3.21 4.6 m/s= = =
 

v (m/s) n nv 2v nv 2 (m2/s2)

1.0 1 1.0 1.0 1.0

2.0 2 4.0 4.0 8.0

3.0 3 9.0 9.0 27.0

4.0 5 20.0 16.0 80.0

5.0 5 25.0 25.0 125.0

6.0 2 12.0 36.0 72.0

7.0 1 7.0 49.0 49.0

8.0 1 8.0 64.0 64.0

Nn 20 nv 86 m/s 2nv 426 m2/s2
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v 86 m/s
20

4.3 m/s 

v 2
2 2426m /s

20
21.3 m2/s2 

2vrmsv 22/sm3.21 4.6 m/s 

n

nv

n

nv 2

= = =

= = =

= = =     

       kE 2

2
1 vm

kE
2
1 (1.0 10-6 kg)(21.3 m2/s2)    

=

=     

             =  1.065 × 10-5 J

        P
3
1 m

V
Nv 2=

     m  =  1.0 × 10-3 g  = 1.0 × 10-6 kg
       V  =  0.1 m × 0.1 m × 0.2 m  =  2 × 10-3 m3

       N  =  20   2v   =  21.3 m2/s2

     P
6

3 3

1.0 10 kg1
3 2 10 m

(20)(21.3 2/s2)   
-

-

)(

( )
m=

             =  0.071 Pa
   4.3

4.6
1.1 × 10-5

0.07
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44. 1 60 2  

30
    1
         U nRT

2
3

=

UHe UAr

HeU
2
3  (1 mol) R (333.15 K)

2
3  R (333.15 mol K)

ArU
2
3  (2 mol) R (303.15 K)  

2
3  R (606.30 mol K)

=

=

=

=

       mixedU HeU +  ArU  

2
3 R (333.15 mol K) + 

2
3 R (606.30 mol K)   

2
3 R (939.45 mol K) 

=

=

=

         nmixed  =  (1 mol) + (2 mol)  =  3 mol

U nRT
2
3

=
          

T
nR

U

2
3=

Umixed nmixed

        

mixedT
R

R

)mol3(
2
3

)Kmol45.939(
2
3

=

        =  313.15 K



2155 16

 
    2
       

mixedT

313.15 K 

He He Ar Ar
3 3
2 2

n RT n RT+He Ar mixed
3 ( )
2

n n RT+

He He Ar Ar

He Ar

n T n T
n n

+
+

1(333.15) 2(303.15) K
3
+

=

=

=

=

=
   313.15 40

45. 240 50  

   Q U + W
W  =  Q  U
Q  =  – 240  J U  =  50 J
W  =  – 240 J – 50 J

             =  – 290 J 

    

46. 1 22.4 0
1.01 × 105 14.0  

    
W  =  P V
W  =  (1.01 × 105 Pa)[(14.0 m3 3)]

             5 J
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PV  =  nRT

nR
PVT

)Kmol/J31.8)(mol101(
)m0.14)(Pa1001.1(

3

35

=

=

        =  170 K

(เพราะ                      )

U

U

2
3  (1  103 mol) (8.31 J/mol K) (170.15 K – 273.15 K) 

–1.28  106 J   

2
3 nR T U

2
3 nRT= =

=

=

Q U + W
Q 5 5 J)

            6 J
   8.48 × 105

170 –103.15
 1.28 × 106

2.13 × 106
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17

1. 3 0.25 10 000
0.05

 Y
0

/
/

F A
L L

         F  =  10 000 N  =  104 N
         A  =  0.25 cm2  =  0.25 × 10-4 m2

L  =  0.05 cm  =  0.05 × 10-2 m
        L0  =  3 m

Y
4 4 2

2

10 / 0.25 10 m
0.05 10 m/3m

             =  2.4 × 1012 N/m2

 2.4 × 1012

2. 2 0.1
1000 7.0 × 1010 N/m2

 L Y
0

/
/

F A
L L

         F  =    =  1000 kg × 10 m/s2  =  104 N

        2rA
220.1 10

2
m3.14

             =  7.9 × 10-7 m2

        L0  =  2 m
         Y  =  7.0 × 1010 N/m2

10 27.0 10 N/m
4 7 210 N/7.9 10 m

/ 2mL
L  =  0.36 m

 0.36
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3. 3 10-6

1.5 × 1011 100  

 Y
0

/
/

F A
L L

     F  =  100 N
         A  =  10-6 m2

        L0  =  3 m
         Y  =  1.5 × 1011 N/m2

11 21.5 10 N/m
6 2100N /10 m

/ 3mL
L  =  2 × 10-3 m

 2 × 10-3

4. 

  
 

5.  

  

6. 4000 1.0 × 103

 =
=
=
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                   =  
                   =  (4000 kg)(9.8 m/s2)  =  3.92 × 104 N

  = =

=
         =   

              m  =  
4000 kg  =  (103 kg/m3) 

                =  4 m3

 3.92 × 104

4
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7. 0.5 1 
1.2 × 1011

2 × 1011 100
 

  
F  =  100 N 

A  =  0.5 mm2

 

L Y
0

/
/

F A
L L

F  =  100 N
      A  =  0.5 × 10-6 N/m2

         L0  =  1 m
      Y  =  1.2 × 1011 N/m2

11 21.2 10 N/m
6 2100N / 0.5 10 m

/1mL
L  =  1.67 × 10-3 m

L Y
0

/
/

F A
L L

F  =  100 N
      A  =  0.5 × 10-6 N/m2

         L0  =  1 m
      Y  =  2.0 × 1011 N/m2

11 22 10 N/m
6 2100N / 0.5 10 m

/1mL
L  =  1.0 × 10-3 m

  =  1.67 × 10-3 m – 1.0 × 10-3 m
          =  0.67 × 10-3 m
 0.67 × 10-3
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8. x 10 x 1 y 

1.5 20 y  
x y x 

y
  Y

0

/
/

F A
L L

x
Fx  =  mg  =  100 N

      Ax  =  (2r)2

          L0  =  1 m
Lx  =  1 mm  =  1 × 10-3 m

      Yx  =  x

      
xY

5
2

2

10 N / m
4 r

2 2

3

100N/ (2 ) m
1 10 m/1 m

r

y
Fy  =  mg  =  200 N

      Ay  =  r2

          L0  =  1.5 m
Ly  =  2 mm  =  2 × 10-3 m

      Yy  =  x

      
yY

2

3

200N /
2 10 m /1.5m

r

N/m
5

2
2

1.5 10
r

      

1
6

x

y

Y
yY

5 2 2

2 5 2

10 N/m
4 1.5 10 N/m

r
r

 x y 1 : 6
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9. 2 × 108

1.5 2000

 
        F

A
2 × 108 N/m2

          =  2 × 108 N/m2

        A
221.5 10 m

2
            =  1.77 × 10-4 m2

    8 22 10 N / m 4 21.77 10 m
F

        F  =  3.54 × 104 N
F  =  ma

T –   =  ma
       m  = 2000 kg

3.54 × 104 N 2000 kg × 10 m/s2   =  2000 kg × a
        a  =  7.7 m/s2

 3.54 × 104  
7.7 2

10. 1.5 0.05  
7.5 × 1010 5

 
1010

    

L  =  L0 + L
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Y
0

/
/

F A
L L

F  =    =  50 N
        A  =  0.05 mm2  =  0.05 × 10-6 m2

              L0  =  1.5 m
        Y  =  7.5 × 1010 N/m2

10 27.5 10 N/m
6 250N / 0.05 10 m

/1.5mL
L  =  0.02 m

  =  0.02 m
L  =  L0 + L

            =  1.5 + 0.02 m
            =  1.52 m

1010 N/m2

F
A

   A  =  0.05 × 10-6 m2

     10 210 N/m 6 20.05 10 m
F

        F  =  5.0 × 102 N
F  =  ma

T –   =  ma
5.0 × 102 N 50 N  =  5 kg × a

        a  =  90 m/s2

 1.52
90 2
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11.   

      

Δ
ΔP

       

)kg/m106.1()kg/m10(2.8
Pa)10(12.0)Pa100.21(

3333

22

33

2

kg/m102.1
Pa100.9

ghP
Δ
Δ gh

gh 33

2

kg/m102.1
Pa100.9

h
)m/s8.9)(kg/m102.1(

Pa100.9
233

2
0.0765 m  7.65 cm

 7.65

12. 1 2 2
5  
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   F  =  PA

P  =  A  =  r2 
F  =  r2

F  =  103 kg/m3 9.8 m/s2 4 m 3.14 1 m 2  =  1.23 × 105 N
W  =    =  

             =  +
              =  5 × 10-4 m2 2 m 3.14 1 m2 2 m   =  6.281 m3

W  =  (103 kg/ m3 6.281 m3 9.8 m/s2   =  6.16 × 104 N
 1.23 × 105

6.16 × 104  
 
 

13.  

  1.
  2.
  3.
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    1.
Pg  =  

 
1.

    2
  =  +

P  =  P  + 
P0 ,  

2.
    3.  

P
       P  =  P  + 

Pav

           
avP

2
1 ( วิผณรบมัสนัดมาวค ีท + ะนชาภนกีทณรบมัสนัดมาวค ) 

2
1 [( 0P + + ) ( 0 0P + gh )] 

avP
2
1 (2 0P + gh )  

avP
2
1 P  

 3.
 1 2

 13
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14.  

5 15  
105

          

5 cm

15 cm

     =  
         =  +
         =  P  + 

P0  =  105 Pa,    =  13.6 × 103 kg/m3,   =  9.8 m/s2

          =  B =  10 cm  =  0.1 m
=  105 Pa  + 13.6 × 103 kg/m3 9.8 m/s2 0.1 m

                  =  1.133 × 105 Pa
 1.133 × 105

15. 25
800 6000  

 780  
 80

         

A B

 14

 15
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   F
    W 

A  =  B
         =  F + 80 cm

          
A

W
a
F +  gh 1

W  =  = 6000 kg 9.8 m/s2 =  5.88 × 104 N
         A  =  =  800 cm2  =  8.0 × 10-2 m2

      a  =  =  25 cm2  =  2.5 × 10-3 m2

  =  =  780 kg/m3

1
    

22

4

m100.8
N1088.5

23 m105.2
1 F + (780 kg/m3)( 9.8 m /s2)( 0.8 m ) =

              F  =  1.82 × 103 N
 1.82 × 103

16. 1  
1000 800

   1 cm3 10-6 m3  
 

10-6 m3

=  
                  =  mw   =  w

                  =  1000 kg/m3 10-6 m3 9.8 m/s2

                  =  9.8 × 10-3 N
=  

                  =  moil   =  oil

                  =  800 kg/m3 10-6 m3 9.8 m/s2
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                 =  7.84 × 10-3 N
 9.8 × 10-3 7.84 × 10-3  

17. 0.5 800  
 1000

    
=  

                  mwood   =  mw

           wood wood   =  w w

     wV
w

wood
woodV 3

33

m/kg1000
)m5.0)(m/kg800( 0.1 m3= = =

w  =  0.5 m 2 
(0.5 m)2   =  0.1 m 3

                 =  0.4 m
=  0.5 m  × 0.5 m  × 0.1 m =  0.025 m3

0.025 m3

=    =  1000 kg/m3 0.025 m3 9.8 m/s2 =  245 N
245 N

           F + mwood   =  FB

           F + wood   =  w

              F  =  w

                     =  1000 kg/m3 800 kg/m3 0.5 m3 9.8 m/s2

                   =  245 N
 0.4

245
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18. 0  

1 1 0
 mmHg

   0 1 1 mm  
1 mm  

 2 mm

=  
P   =  P0 + P 2 mm

        P   P0  =  P 2 mm

2 mmHg
    2

19. 
            

   C  
B  

=  P0 +
P0  =  1.013 × 105 N/m2 ,   =  13.6 × 103 kg/m3   =  15.0 × 10-2 m

C
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=  (1.013 × 105 N/m2) + 13.6 × 103 kg/m3 9.8 m/s2 15.0 × 10-2 m

       =  (1.013 × 105 N/m2) + 0.19992 × 105 N/m2

       =  1.21 × 105 N/m2

 1.21 × 105

20. 1.03 × 103  

   =   × 
F  =  PA
F

       P A
A  =  1 m2

P  =  + 1
             =  P0 + 
             =  1.013 × 105 Pa  + 1.03 × 103 kg/m3 9.8 m/s2 1 m
             =  1.114 × 105 Pa

        F  =  1.114 × 105 Pa 1 m2 =  1.114 × 105 N
1 =   × 

Fav  =  PavA 
Fav  1

        Pav A
A  =  1 m2

avP 2
นถงับรณทกีความดนัสมัวบรณทผีิความดนัสมั

=  + 0
                =  1.013 × 105 Pa

=  1.114 × 105 Pa

avP
2

)Pa10114.1()Pa10013.1( 55

1.064  105 Pa
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F  =  1.063 × 105 Pa 1 m2 =  1.064 × 105 Pa

 1.114 × 105

1.064 × 105

21. 1 × 10-3

2 × 10-4

   A1v1  =  A2v2

A1v1  =  A2v2

A1  =  1 × 10-3 m2 , A2  =  2 × 10-4 m2 , v1  =  v
1 × 10-3 m2 v =  2 × 10-4 m2 v2

            v2  =  5 v
 5

22. 900
100

900  
1.2

   900 N/m2 =  900 N/m2

         
1P + 1

2
2
1v 2P + 1

2
2

2v

21 PP
1
2

( 2
1

2
2 vv )    1

 =  P1

=  v1  =  100 m/s
 =  P2

=  v2

=    =  1.2 kg/m3

1 900 N/m2 1
2

(1.2 kg/m3)( 2
2v – 1002  m2/ s2) 

                 v2  =  107.2 m/s
 107.2
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23.  

 

     

25  
  800

600  
  200  

   
320 

600 kg

200 kPa

 320
7.35 × 10-3

24. M 3.0 × 10-3 N 1.0 × 10-3 
M 0.3

N
  t M N

M

23 
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=  
t
V

MMvA

         = 3.0 × 10-3 m2 0.3 m/s =  9.0 × 10-4 m3/s
N

           AMvM  =  ANvN

3.0 × 10-3 m2 0.3 m/s = 1.0 × 10-3 m2 vN

               vN  =  0.9 m/s
 9.0 × 10-4

N 0.9

25. 20 a 
A A B 

8 4
         

   a
     

1P + 1
2

2
1v + 1gh 2P + 1

2
2

2v + 2gh

P1 a
          P2 =  
           =  1.013 × 105 Pa
          v1 a
          v2 =  20 m/s
          =  103 kg/m3

1  =  2

     

        1P + 1
2

2
1v 2P + 1

2
2

2v 1

25 
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     1 v1 a v1

     A1v1  =  A2v2 2

A1  =  A  =  
22

2
m108

22

2
m104       A2  =  B  =  

        v2  =  =  20 m/s

2
22

2
m108 v1  =   

22

2
m104 20 m/s

                    v1  =  5 m/s
     1
     

1P + (
1
2

)(103 kg/m3 )(5 m /s)2  ( 20 m /s)21.013 105 Pa ) + (
1
2

)(103 kg/m3 )(
                 P1  =  2.888 × 105 Pa
 a 2.9 × 105



288 517

  

26. 2.0 × 1011

m 0.1  
0.5 m

  m F  =  

Y
0

/
/

F A
L L

Y  =  2.0 × 1011 N/m2

            A
23

20.5 103.14 m
2

                =  1.96 × 10-7 m2

          L  =  0.1%
                

0
0.1
100

L

                =  10-3 L0
2 7 2

3
0 0

m 10m/s /1.96 10 m
10 /L L

11 22.0 10 N/m

           m  =  3.9 kg
 m 3.9

27. 2.7 × 103  
7.5 × 107  

  F
A

  =  7.5 × 107 N/m2

F  =  
                    =  mg
                    =  g

  =  Al
l

F  =  g
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7 27.5 10 N/m

3 3 22.7 10 kg/m 10m/sA l
A

                 l  =  2.8 × 103 m
 2.8 × 103

28. 5
F1 F2  

0.02 F1 F2

1010

  F1  =  F2 F

Y
0

/
/

F A
L L

Y  =  1010 N/m2

         A  =  5 mm2  =  5 × 10-6 m2

                   L0  =  
                  L  =  0.02% 
             

0
0.02
100

L

            10 210 N / m
6 2

0 0

/ 5 10 m
0.02 /
100

F

L L

         F  =  10 N
 10

29. 
17.3 10 139.5  

        x y

F

W
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  O

  =  
                    W × x  =  F × y

               F y
x W=     1

F L r -2

    
y
x

3
1

W  =  mg  =  139.5 × 10-3 kg 9.8 m/s 2   =  1.367 N

1 1.256 m
3
1 1.367 N

              
 0.363

30. 25 5
 0.1  

     

  

            1P + 1
2

2
1v 2P + 1

2
2

2v

           21 PP
1
2

( 2
1

2
2 vv )     1

P1 P2

        v1 v2

 =  A1v1  =  A2v2

           0.1 m 3/s     
4

1
2
1 vd

4
2

2
2 vd

2

30 
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2

     
1v 0.1 m3/s)( 2

1

4
d 22

3

)m1025()14.3(
s/m1.04 2.038  m /s 

2v 0.1 m3/s)( 2
2

4
d 22

3

)m105)(14.3(
s/m1.04 50.955  m /s 

21 PP
1
2

( 2
1

2
2 vv )

1
2

(103 kg/m3) 22 )s/m038.2()s/m955.50(

1

             =  1.30 × 106 Pa
 1.30 × 106

31. 
 

            

  

31
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P1 , P2

            v1 , v2

        1

        2

v1  =  0 
       

1P + 1
2

2
1v  + 1gh 2P + 1

2
2

2v + 2gh

1P  + 0 +   1gh 2P + 1
2

2
2v + 2gh

( 21 PP ) + )( 21 hhg
1
2

2
2v

02P + )( 21 hhg
1
2

2
2v 1

1
   (2 1.013  105 Pa) + )m10)(s/m8.9)(m/kg600( 23 1

2
(600 kg/m3) 2

2v
               v2  =  29.5 m/s
 29.5




