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1. 
 

90

 

 

2. 400 700  

 =f
v 3 × 108 m/s

  =  400 nm

        =f
v  

=f
8

9

3 10 m/s
400 10 m

                =  7.50 × 1014 Hz
  =  700 nm

        =f
v  

          
=f

8

9

3 10 m/s
700 10 m

                =  4.29 × 1014 Hz
 4.29 × 1014 7.50 × 1014
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3. 384 000  

 =
v
st

=t 
3

8

384 000 10 m
3 10  m/s

                    =  1.28 s
  1.28

4. 8.61

 s  =  vt 
8.61

8.61 × 365 × 24 × 60 × 60  
271 524 960

s  =  (3 × 108 m/s)(271 524 960 s)
                    =  8.15 × 1013 km
 8.15 × 1013

5. 

 18.5
   

(m)

(Hz)

310 210 110 010 -110 -210 -310 -410 -510 -610 -710 -810 -910 -1110 -1210 -1310 -1410 -1510-1010

810 910 1010 1110 1210 1310 1410 1510 1610 1710 1810 1910 2010 2110 2210 2310710610
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  6  

n  >  1 

n  =  1

        

n=1

n=2
n=3
n=4

 n

4.  

 
Ekmax

hf W-

5.  

 

6.

 
W  =  hf0  

Ekmax
hf W-
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7.

V0VV
EkE mak xaa

=  eV0VV EkE mak xaa
hf W-

8.

EkE mak xaa
ff

WW EkE mak xaa
hf W-

maxaa

9.

h
mv

9
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1. 3.62 × 10-19

   
hf hc

  =  3.62 × 10-19 J , h  =  6.626 × 10-34 Js  c  =  3 × 108 m/s
193.62 10 J

34 8(6.626 10 Js)(3 10 m/s)

9549 10 m
549nm

 

2. 
      

-5.00 eV
-4.00 eV

-2.00 eV

E1

E3

E2

3  

  
1.00 2.00 3.00  

 
  3

      

-5.00 eV
-4.00 eV

-2.00 eV

E1

E3

E2

2

2
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   hf hc

1.00
34 8(6.626 10 Js)(3 10 m/s)191.00 1.6 10 J

61.24 10 m
1.24 μm

2.00
34 8(6.626 10 Js)(3 10 m/s)192.00 1.6 10 J

9621  10 m
621 nm

   3.00
34 8(6.626 10 Js)(3 10 m/s)193.00 1.6 10 J

9414   10 m
414 nm

 1.24 621  
  414 

3. 25  

 rn  =  a0 n2  
a0 rn  =  25a0 n2  =  25 n  =  5  

 n  =  5
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4. 3
 

-5.00 eV
-4.00 eV

-2.00 eV

E1

E3

E2

  

 

  
E2 E3 1.00 3.00  

 
1242 nm 414 nm

     34 8

19

(6.626 10 Js)(3 10 m/s)
1.00 1.60 10 J

hc 1242 nm

34 8

19

(6.626 10 Js)(3 10 m/s)
3.00 1.60 10 J

hc 414 nm

       

-5.00 eV
-4.00 eV

-2.00 eV

E1

E3

E2

 414 1242

5.  
n  =  1 n  =  3 n  =  6 n  =  3 

  

ni  =  1 nf  =  3

4

4



896 19

 
             

             
0.97547

 

            
f c

f
8

9

3 10 m/s
102.52 10 m

152.9263 10 Hz
ni  =  6 nf  =  3

             

 

            f
c

f
8

9

3 10 m/s
1093.5

150.27435
10 m
10 Hz
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 n  =  1 n  =  3  

2.9263 × 1015

n  =  6 n  =  3
0.27435 × 1015 

6. 2.5 × 10-7 2.1

 
maxkE

hc WWhf
   

maxkE
hc W

2.8695 eV

9191(7.9512 10 J) (3.3600 10 J)

8
9143

7

3.0 10 m/s
6.626 10 J s 2.1eV 1.60 10 J/eV

2.5 10 m

194.5912 10 J
19

19

4.5912 10 J
1.60 10 J/eV

 4.6 × 10-19

2.9 

7. 
   

( )f

sV ( )

 

7
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sV
h Wf
e e

h
e

 

8. A , B C 1.035 2.070 
4.140

3

  
W 0hf

A 0f
W
h

150.25 10 Hz
19

34

(1.035eV)(1.60 10 J/eV)
(6.626 10 Js)

0f
W
h

150.50 10 Hz
19

34

(2.070eV)(1.60 10 J/eV)
(6.626 10 Js)

0f
W
h

151.00 10 Hz
19

34

(4.140eV)(1.60 10 J/eV)
(6.626 10 Js)

maxkE hf W

maxkE seV

seV hf W

sV
h Wf
e e

B

C

     h
e

y Vs
W
e

A

sV 1.0V

sV 2.1V

W
e

1.035eV
e

W
e

2.070eV
e

B
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C          sV 4.1VW
e

4.140eV
e

     f0 y

    

(          ) f

-1.0 V

-2.1 V

-4.1 V

 
sV ( )

A CB

 1510
1.000.500.25

 0.25 × 1015 0.50 × 1015 1.00 × 1015

9. 8.15 × 1014

     
ธาตุ

แบเรียม 2.6

อะลูมิเนียม 4.2

เงิน 4.6

ทองคํา 5.3

ฟงกชันงาน W(eV)

8 
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8.15 × 1014 Hz E  =  hf
E 34 14(6 626 10 Js)(8.15 10 Hz).
E 195 40 10 J.

       

19

19

5 40 10 J
1 6 10 J/eV
.
.

E 3 38eV.

 
 

 

10.  1.10 × 10-19  
600  

   hf  =  W + Ekmax

c  =  f Ekmax

2
max2

1 mv

hf  =  W + Ekmax

hc 2
max2

1mvW

  =  600 nm  =  6.00 × 10-7 m W  =  1.1 × 10-19 J
hc 2

max2
1mvW

  
34 8

9

(6.626 10 Js)(3.00 10 m/s)
m01006

21391
max(1.10 10 J) (9.11 10 kg)

2
v1

vmax vmax  =  6.97 × 105 m/s
hc

seVW

  19 19(1.10 10 J) (1.60 10 C) SV
34 8

9

(6.626 10 Js)(3.00 10 m/s)
600 10 m
Vs Vs  =  1.38 V

 6.97 × 105

     1.38
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11.   
3.50  

 

  hc
E

       
34 8

19

(6.626 10 Js)(3.00 10 m/s)
3.50 1.60 10 J

3.55  10 7 m 
355 nm 

355
 355 

12.  3.3 × 10-19

1 5.0 × 10-7

2 4.0 × 1014

   
W 0hf h

Wf0

W  =  3.3 × 10-19 J

f0
19

34

3.3 10 J
6.626 10 Js

5.0 1014 Hz 

1   =  5.0 × 10-7 m

f c
m100.5

s/m1000.3
7

8

 6.0 1014 Hz   

2 4.0 × 1014
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 5.0 × 1014

1  5.0 × 10-7

2 4.0 × 1014  

13.  30
   f c

   =  30 × 10-12 m

f
m1030

s/m1000.3
12

8

1.0  1019 Hz

E  =  hf

             E  =  (6.626 × 10-34 Js) (1.0 × 1019 Hz)
             E  =  6.626 × 10-15 J
                  15

19

6.626 10
1.6 10 /

J
J eV

             E  =  41.4 KeV
 1.0 × 1019

 6.626 × 10-15 41.4

14.  24.8

   E  =  hf  
h
Ef

 =  24.8 × 103 eV  =  (24.8 × 103 eV) (1.60 × 10-19 J/eV)

 f
3 19

34

24.8 10 1.60 10 J
6.626 10 Js

c
f

18 Hz 5.98   10

8

18

3.00 10 m/s
5.98 10 Hz

0.10 nm 1.00  10 10 m  

 5.98 × 1018 0.10 



96 619

15.   5.3

   W  =  hf0
             

h
Wf0

W  =  (5.3 eV) × (1.6 × 10-19 J/eV)  =  8.5 × 10-19 J

f0
19

34

8.5 10 J
6.626 10 Js

1.3 1015 Hz 

3.8 × 1014 9.5 × 1014  
1.3 × 1015

 

16.   

   
         h

mv
 

6.68 × 10-27 1.67 × 10-27  
   9.10 × 10-31  

  

17.  0.20  

   

p h

  =  0.20 nm  =  0.20 × 10-9 m ,  h  =  6.626 × 10-34 Js

p
346.626 10 J.s

0.20 910   m
         p  =  3.31 × 10-24 kg m/s
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E h c c

p  =  3.31 × 10-24 kg m/s c  =  3 × 108 m/s

E
34

8
9

6.626 10 kg m/s
3 10 m/s

(0.2 10 m)
             =  9.94 × 10-16 J

  E  =  6.2 keV
6.2

E
2

2
p
m

m

p  =  3.31 × 10-24 kg m/s m  =  9.11 × 10-31 kg

E
224

31

3.31 10 kg m/s

2 9.11 10 kg
             =  6.01 × 10-18 J

  E  =  37.6 eV
37.6

 3.31 × 10-24

6.2 37.6

18.   
 9350  

   E  =  hf 

E hchf

h  =  6.626 × 10-34 Js , c  =  3 × 108 m/s   =  30 × 10-12 m

E
34 8

6

(6.626 10 Js)(3 10 m/s)
9.35 10 m

         E  =  0.213 × 10-19 J
  E  =  0.133 eV
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  2.13 × 10-20 0.133
  2.13 × 10-20 0.133

19.   
  -13.6  

  
        

ke2

r 2 mv
2

r
2mke

2 2 2m v r
r

F cF

21
2
ke
r

kE

kE

21
2
mv

1

            pE
2ke
r

2

1 2
            Ep  Ek 3

E
              E  =  Ek + Ep

                  Ek 4

                  1
2 pE 5

E  
4 5 Ek E  =  13.6 eV  

Ep  =  2E
  13.6
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20. 0.0500
5.30

4.20 × 105 1 1 

  hf
             k maxE hf W

2
max

1
2
mv hf W

hf 2
max

1
2
mv W

m  =  9.11 × 10-31 kg ,  v  =  4.2 × 105 m/s
W  =  (5.30 eV)(1.6 × 10-19 J/eV)  =  8.48 × 10-19 J

hf

          hf   =   9.28 × 10-19 J
I  

I E
tA

E  =  ItA
I  =  0.0500 W/m2  t  =  1 s  A  =  1 cm2  =  10-4 cm2

E  =  (0.0500 W/m2)(1s)(10-4 m2)
         E  =  5.00 × 10-6 J

E  
E  =  nhf

E  =  5.00 × 10-6 J  hf  =  9.28 × 10-3 J
5.00 × 10-6 J  =  n 9.28 × 10-3 J)

         n  =  5.39 × 1012

1 1  
    5.39 × 1012 

    5.39 × 1012 
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21. 320 2.30  

    

320 hcE hf

h  =  6.626 × 10-34 Js  c  =  3 × 108 m/s    =  320 × 10-9 m

E
34 8

9

(6.626 10 Js)(3 10 m/s)
320 10 m

         E  =  6.212 × 10-19 J
E  =  3.88 eV

      =  1.58 eV   
1.58 

  1.58

22.  f  
 (Vs) ( f )

       

3.6 × 10-19

  
E   =  hf  W

            eVs  =  hf  W

22
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sV
h W
e e
f

W
e

W
e

  =  2.5 V

W  =  e (2.5 V)  =  (1.6 v C)(2.5 V)  =  4.0 × 10-19 J

 

23. I0  
E  

f  

  

2I0 E f
I0

      2 E f
  
        E   =  hf  W

 
 

2I0  
 

2 

23
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        E   =  hf  W

h x  

        E   =  0

              0  =  hf0  W
             

h
Wf0

x
2

     Wnew  =  2W f   =  2f0 x
2 x 3 

 2
3 3 2  

2

24. f
Vs

   
12.0 9.5 8.2 5.5

3.00 2.10 1.60 0.50

14( 10f Hz)

(V)Vs

f Vs f Vs

  Vs f 
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8.0 x 1014 Hz

3.0 V

f ( x1014 Hz)

  Vs (V)

3.0

2.5

2.0

1.5

1.0

1 2 3 4 5 6 7 8 9 10 11 12 13

0.5

-2.0

-1.5

-1.0

-0.5

0

eVs + W  =  hf
                  

sV e
W

e
hf

=  
e
h

y  =  
e
W

4.0 × 1014 Hz f0  =  4.0 × 1014 Hz

Hz100.8
V0.3
14

3.75  10-15 Vs 

=  
e
h  =  3.75 × 10-15 Vs

h = 3.75 × 10-15 Vs 1.60 × 10-19 C =  6.0 × 10-34 Js

– 1.5 V
e
W   =  

W  = 1.5V 1.60 × 10-19 C =  2.4 × 10-19 J  =  1.5 eV
 4.0 × 1014

   6.0 × 10-34 2.4 × 10-19 1.5

24 



104 619

 
25.  

300
  1.67 × 10-27

  
                  

eevm
h

e 1

me  =  9.11 × 10-31 kg ve
V

         
2
1 2

eevm eV

)kg1011.9(
2
1 31 2

ev )V300)(C1060.1( 19

                  ve  =  1.027 × 107 m/s
me ve 1

        
e

34

31 7

6.626 10 Js
(9.11 10 kg)(1.027 10 m/s)

             =  7.082 × 10-11 m

                   
HHvm

h
H 2

mH  =  1.67 × 10-27 kg vH
V

     
2
1 2

HHvm qV

2
H

27 )kg1067.1(
2
1 v )V300)(C1060.1( 19

        vH  =  2.398 × 105 m/s
mH H 2

                  
H

34

27 5

6.626 10 Js
(1.67 10 kg)(2.398 10 m/s)

e

H

11

12

7.082 10 m
1.655 10 m
42.8 H

1.655  10 12 m  

e
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h
p

p 2 k2mE  
Ek  =  qV

V 
        

H

e

p
p

H

e

2
2

k

k

m E
m E

H

e

m
m

e /
/
h p
h p

e

HH

        e

H

42.8

27

31

1.67 10 kg
9.11 10 kg

e 42.8 H

 42.8
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5. 
  

6.  

  

7. 2
  
 1.
 2.

 
20

1.
 

2.

 
 

3. 
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4.  

  
 

5. 

 

6. 3  1  2 3 1  
 

     
รังสีจากกลอง

ตะก่ัว

ผานกระดาษได1

ผานกระดาษไมได2

ผานกระดาษได3

ไมเบนในสนามแมเหล็ก
เบนในสนามแมเหล็ก
เบนในสนามแมเหล็ก

การทะลุผาน การเบน
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 1  

2  

3  

7. 

 4 2
 1

 

8. 
 

  

2
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9. Po216

84
212
82Pb 198

79 Au 198
80 Hg

Po216
84

212
82Pb Po216

84 4
198
79 Au

198
80 Hg 198

79 Au 1
216 212 4
84 82 2Po Pb + H4

2 e
198 198 0
79 80 1Au Hg + e0

1 e 

10. 60 (60
27Co 60

60 (60
28 Ni

60 60
60

 60 60 0
27 28 1Co Ni + e0

1 e

60 1e

11.
6 2

A B C
   

A
B

C

11
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B

2

12. 6

2 3

2
     3 2

3

13. 1

1/2 0.5

14.

15.
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16.

17.

HHeB 1
1

4
2

10
5 HHeNa 1

1
4
2

23
11

HClHe 1
1

35
17

4
2 HCaHe 1

1
40
20

4
2

HeHBe 4
2

1
1

9
4 HHBe 2

1
1
1

9
4

13
6C 26

12Mg 32
16S

37
19 K 6

3Li 8
4Be

18.
235

235

19.

20.
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21.

22.

23.
2

       1.
        2. 2 3

24. 3
1

         2

         3

25.

25
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26.

h
p

27.

28.

29.

30.



232 620

 
31. 2

32.
1

1 u 1.66 × 10-27

1 u 931.5
1 1.6 × 10-19

1.007825 u
1.007276 u
1.008665 u

0.000549 u
1 3.15 × 107

A 6.023 × 1023

1 3.7 × 1010

1.  

7 7
3Li 7.016005 u

39 39
19 K 38.963710 u

114 114
48Cd 113.903361 u
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 7
3Li 3 3  

4

    m  =  [Zmp + (A Z)mn + Zme mLi-7

    m  =  
       =  0.042130 u

       E  =  0.04213 u 931.5 MeV/u)
           =  39.244095 MeV

A 7

       39.244095 MeV
7 nucleons

E
A

        =  5.606299 MeV/nucleons
39
19 K 19 19  

20

    m  =  [Zmp + (A Z)mn + Zme mK-39

    m  =  
       =  0.347834 u

       E  =  0.347834 u 931.5 MeV/u)
           =  324.0074 MeV

A 39

       E
A

324.0074 MeV
39 nucleons

           =  8.308 MeV/nucleons
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114
48Cd 48 48  
66

    m  =  [Zmp + (A Z)mn + Zme mCd-114

    m  =  
       =  
       =  1.044129 u

       E  =  1.044129 u 931.5 MeV/u)
       =  972.606635 MeV

A 114

             E
A

972.6061635 MeV
114 nucleon

               =  8.53 MeV/nucleons
 7 0.042130 u 39.24 MeV  

      5.606 MeV
39 0.347834 u 324.0 MeV  

      8.308 MeV
114 1.044129 u 972.6 MeV  

      8.53 MeV

2. 60 60
28 Ni 526.80  

60
 EB

60
28 Ni m

      EB  =  m (931.5 Mev/u)
526.80 MeV
931.5 MeV/u

m

               =  0.565539 u
M 60

28 Ni
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        m  =  60

28 Ni M
   0.565539 u  =  28 1.044129 u M
      M
               =  59.930841 u

 60
28 Ni 59.930841 u

3. 24 24
12Mg 8.26 

24
 24 A 24

24
       E  =  8.26 MeV/nucleon)(24)
       =  198.24 MeV

       E  =  m)(931.5 MeV/u)

        198.24 MeV
931.5 MeV/u

m

       =  0.212828 u
 24 0.213 u

4. 210 
    210 A 0

82 Z 1Pb X + e

A Z
X

 210 A 0
82 Z 1Pb X + e

210  =  A + 0
          A  =  210

          Z  =  83
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X 210

83Bi 
       X
 A 210 Z 83  

X

5. 238 238
92 U  

238 8  
6  

238 
 4

2 He  
2 4 0

1e  
1 238  

8 6  
Z A

     Z
         =  82

82
     A
         =  206

206

  82 206

6. 238 238
92 U

206 206
82Pb

8
 1 4

2 He A  
  4 Z 2 1  

0
1e Z 1

238 8
 2
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=  8 × 2  =  16

238 8
=  92 – 16 =  76

206 206
82Pb 82
206

   82 – 76  =  6
6

6

 6

7. 232 
    232 A1 A2 A3 A4 A5

90 Z1 Z2 Z3 Z4 Z5Th Ra Ac X Y Rn...

A1 A5 Z1 Z5 X Y
 2 4  

1  

   232 228 228 228 224 220
90 88 89 90 88 86Th Ra Ac X Y Rn...

90 88 Th Ra  
X Y

  A1 228          A2 228          A3 228  
   A4 224          A5 220
   Z1 88             Z2 89             Z3 90  
   Z4 88             Z5 86
   X Y

8. 
20 3

200  
50
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3
20

0
3
20

 0 

1 17
20

 0 
3 17
20 20

 0 

2 0 0
17 3 17
20 20 20

N N 0

2

20
17 N

t N 020
17 N

t

 a

50

50 1 1
2 2

 200

1/2T  
0

2
N

2 1/2T 200  

501 1
2 2

200

1/2T a

1/2T 0

2
N  

a
      

2
0N

0

2/1

20
17 N

T

 
2/1

17
20 T

2

17
20log2/1T log 2  

2/1T
17log20log

2log

2/1T 4.265 
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50
                 t  =  2 1/2T  
         =  2(4.265)  =  8.5 
 3

20
9 50

9.  

   
0 2 4 6

116 96 80 69

8

58

10

50

12

44

เวลาวัดจากเร่ิมตน (นาที)

กัมมันตภาพท่ีวัดได (ตอวินาที)

20  

 t  =  0 s A0 = 116 s-1

t  =  1/2T
0

2
A

A A -158 s
-1116 s

2
 

58 8
8

20
                   A 0

tA e a

1
2

ln 2
T

 

        ln 2
8 min

b

t  =  20 min b a
        

A (116 s 1)( 
ln 2( )(20min)

8mine )  
 

            =  (116 s-1)(e -(0.693)(2.5) )
            =  (116 s-1)(e -1.7325 )
            =  (116 s-1)(0.176842)
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            =  20.5136 s-1

  8 20  
20.5

10.  10 2 60  
1
4

 

  10 2  
2
10

  =  0.2

1/ 2T 0.693

1/ 2T 0.693
0.2

  

            =  3.5
 

0 t  =  nT
        

N 0

2n

N

1
4                 0

2n

N0

4
N

        n  =  2
t  =  nT

            =  2(3.5)
            =  7

10 7 1
4

   7
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11. 60 60
27Co 0.1  

60 60 5.26

   60 1/2T
ln 2 

1/2T   =  5.26
        

1/2

ln 2
T

0.693
5.26 year

0.693
(5.26 365 24 60 60) s
4.2  10 9 s 1

60 A 0.1 mCi  =  3.7 × 106 Bq
A  =  
A  =  3.7 × 106 Bq ,    =  4.2 × 10-9s-1

3.7 × 106 s-1 = 4.2 × 10-9s-1

          =  8.81 × 1014

  =  6.023 × 1023 mol-1

60 1 6.023 × 1023 60
60 × 10-3 kg

60 8.81 × 1014 m
                   m

14 3

23

(8.81 10 )(60 10 kg)
6.023 10

118.78 10 kg
88.78 10 g  

    60 8.78 × 10-8
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12. 222 222

86 Rn 3.82 222 1.0  

   222 1 222 6.023 × 1023 
222 1

          N
23 6

3
(6.023  10 )(1 10 )

222 10
kg

kg
        =  2.71 × 1018

1
2

ln 2
T

1/2T   =  3.82
           

1/2

ln 2
T

0.693
(3.82 24 60 60) s

A  =  
   =  2.71 × 1018  

           A 180.693 (2.71 10 )
(3.82 24 60 60) s

        =  5.69 × 1012 s-1

        =  5.69 × 1012 Bq

     5.7 × 1012

13.  6 31
32

 

   t t  =  n 1/2T

0

    N 0
31 ( )
32

N

      t
N 0N N

0 0
31 ( )
32

N N

N 0
1 ( )
32

N a
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N 0

2n

N

0
1 ( )
32

N 0

2n

N

0
52

N 0

2n

N

a
 

n  =  5
t  =  n 1/2T

t  =  6 h , n  =  5
6  =  5( 1/2T )

               1/2T   =  1.2 h
           (1.2 h)( 60min

1 h
) 

                      =  72 min

72

14.  X 8 × 1013 10 Y 
30 X Y

   X 10 1/2T   =  10
t 30 3 X
t   =  3 1/2T

       N 0

2n

N

  =  8 × 1013 n  =  3
         

N
13

3
8 10

2
              =  1 × 1013

X 1 × 1013

Y 8 × 1013  1 × 1013  =  7 × 1013  
   30 X 1 × 1013

Y 7 × 1013
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15. 135 135

54Xe 9 10  
135 e-0.77 0.463

  0 135
135

N 0
tN e=

        
0

N
N

te

1/2

0.693
T

1/2

0.693
T

0.693
9 h

a

               =  0.077 h-1

t  =  (0.077 h-1)(10h)
               =  0.77

t a
        

0

N
N

0.77e

             =  0.463
               =  0.463 0

   135 0.463

16. 10 0  
  t

0

N
N

 0, 10, 20, 30 40

0

N
N

40

0

N
N

  =  0.40
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  t  =  0
0

N
N

1

0.51
20

N
N

0.251
40

N
N

0.1251
80

N
N

0.06251
160

N
N

 

       t  =  10

       t  =  20

       t  =  30

t  =  40

0

N
N

t
      

1.011 001.01 011 001 01 011 001 0

0.500 550.50 50 500 550 50 500 550 5

0.250 20.2550.250 25000 20 2550 250 2500 20 2550 25

0.1250 125000000 212255125212255125000.00.... 2212255. 5125125

20222222222222222000000000 4044404440404000000000000000101111110000000000 3033333333000000000

0.4400 400 44400 40.40 40 4

t = 12.5 ht

NNNNNNNNNNN///////NNNNNNNNNNNNNNNNNNNNNN NNNNNNNNN/////// 000000NNNNNN

t tttttttttttttttttttttttttttt (h)h(hh)( )(h)(h)h(hh)(h)(h)h(hh)(h)h(hh)(h)h(hh)(h)h(hh)(h)(h)(h)

0

N
N

  =  0.40 12.5

   1,  0.5,  0.25,  0.125 0.0625

12.5



246 620

 
17. 44 44

19 K 20 44 44
20Ca  

44 10.0
44

44
1 44
1 44

44
  44 1 44 g 6.023 × 1023

44 10 × 10-6 kg
          N

kg1044
)kg1010)(10023.6(

3

623

               =  1.37 × 1020

A  =  

200.693 (1.37 10 )
20 60 s

1/2

ln 2
T

N0A0

               =  7.91 × 1016 Bq
1 60

            t  =  3 × 20
               =  3 1/2T

n
        N 0

2n

N

n  =  3   =  1.37 × 1020

          N
20

3
1.37 10

2
               =  0.17 × 1020

1
2

ln 2
T 1/2T 20

0.693
20 60 s
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20 A  =     

                A 200.693 (0.17 10 )
20 60 s

=

                    =   9.82 × 1015 Bq
1 1

    0.17 × 1020

1.37 × 1020 – 0.17 × 1020 =  1.20 × 1020

           =
20

20
0.17 10
1.20 10

1
7

2 1 3 1/2T
                N 3

0

2
N

8
0N

         
CaN

8
0

0
N

N
8
7 N0 

                 0

0

8
7
8

N

N 7
1

  44 1.37 × 1020

44 7.91 × 1016

1 44 9.82 × 1015

1

7
1
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18. 125 125

53 I 60  
125 4 125

  75
  

0

2n

AA

A0 125
     A t

A 0
25 ( )

100
A

0

2n

AA

0
25 ( )

100
A 0

2n

A

                  n  =  2
t  =  n 1/2T

125
                   t  =  n 1/2T

1/2T   =  60  n  =  2
  t  =  2(60 d)
        t  =  120 d
  125 120

19. 238 238
92 U 1 4.5 × 109

238
   238

92 U  1 238 u  =  238(1.66 × 10-27 kg) 
238
92 U 1

                 N
27

1
238(1.66 10 )

           =  2.53 × 1024

   238
92 U 4.5 × 109

1/2

0.693
T
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1

9
0.693 s

4.5 10 365 24 3600
           =  4.883 × 10-18 s-1

A  =  
A  =  (4.883 × 10-18)(2.53 × 1024 s-1)

           =  1.24 × 107 s-1

  238
92 U 1.2 × 107 1.2 × 107

20. 230 230
90Th 0.1 7.20 × 104  

230
  230 1 230

6.023 × 1023

230 0.1
                 N

23 3(6.023   10  )(0.1   10  g)
(230 g)

                    =  2.62 × 1017

 A  =  
1/2

0.693
T                  

A
1/2

0.693 N
T

A  =  7.20 × 104 Bq   =  2.62 × 1017

      47.20 10 Bq
1/ 2

0.693
T

17(2.62 10 )

                  1/2T   =  2.52 × 1012 s
                  1/2T   =  8.0 × 104 year

  230 8 × 104
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21. 45 45

20Ca 45 45
21Sc

45 20  100
  13.14 45 ln 0.657 0.42
  A0

45
20Ca 

        A t 
A 0

tA e

1/2T 0.693

A 0
tA e t 100 A

20 A0 13.14
        13.14 mCi (100 d)(20 mCi)e

(100 d)e 0.657
(100 d) ln (0.657)

0.42
3 14.2 10  d a

1/2T 0.693

a 1/2T 3 1

0.693
4.2 10  d

                =  165 d

   45 165

22. 198 198
79 Au 2.7 50  

198 10 – 15
e-0.1069 0.8986 e-0.16035 0.8518

  A0  t  =  0 
    0  t  =  0
     198

79 Au
198
79 Au t A0  =  0

   N 0
tN e=

1/2

0.693
T

2.7



2516 20

 

                 
0.693

2.7day (24 60 60)s
=

           =  2.97 × 10-6 s-1 a

  =  1.069 × 10-2 h-1 b

a A0 50 A0  =  0

   =
10

6 3.7 10  Bq50 10  Ci
1 Ci

6 1
0(2.97 10  s )N

               0  =  6.23 × 1012 c

N 0
tN e=  

t1  =  10 h 198
79 Au 1 

b c
          = 6.23 × 1012 e(-0.1069)

          = 6.23 × 1012 0.8986
          =  5.598 × 1012

t2  =  15 h 198
79 Au 2

b c =2N 5

          = 6.23 × 1012 e(-0.16035)

          = 6.23 × 1012 0.8518
          =  5.307 × 1012

198
79 Au

                  1 2  =  2.91 × 1011

   2.9 × 1011
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23. 224 224

88Ra 3.5 2.4 × 102  
21 224

  A0 224
        A 224 t 

21 224 3.5

         =
1
2

t
T

21 d
3.5 d

               =  6
t  =  n 1/2T

           =

=

A 0

2n

A

A
2

6

(2.4 10  Bq)
2

A0 n

               =  3.75 Bq
               =  1.01 × 10-4 
   224 1.0 × 10-4

24. 14 14
6C 5730 14 2.00  

14
  A =  6.023 × 1023 mol-1

14  1 14 g 6.023 × 1023

14  2 × 10-6

           =N
23 6(6.023   10  )(2   10   g)

(14 g)
               =  8.60 × 1016

A  =  

1/2

0.693
T

A
1/2

0.693 N
T

1/2T   =  5730 year
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        1/2T   =  (5730 × 365 ×24 ×60 ×60) s 
               =  1.807 × 1011 s

1/2T   =  1.807 × 1011 s   =  8.60 × 1016 A  =  

           =A 16
11

0.693 (8.60 10 )
(1.81 10 s)

               =  3.29 × 105 Bq

   14 3.29 × 105

25. 80
25

   t A 0
tA e   

t 25
           =

=

A 0
25

100
A

A 0

4
A a

1
2

ln 2
T

=
0.693

80 year
b

A a b  
             

=

=

=

=

0

4
A 0.693

80 year
0

t
A e

4
0.693

80 year
t

e

ln 40.693
80 year

t

t 80 year (1.3862)
0.693

               =  160.02 year
   160 
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26. 4 9 12
2 4 6He Be C X X

   

A X 
4 + 9  =  13
12 + A 

13  =  12 + A 
           A  =  1

Z X 
2 + 4  =  6

6 + Z 
6  =  6 + Z

           Z  =  0
  X 1 0 

X 1
0n 

   X 1
0n

27. 33 1 33 1
16 0 15 1S + n P + H

  0.533 33
16S 32.97146 u 33

15 P  

  
33 1 33 1
16 0 15 1S + n P + H

= 33
16S + 1

0n
               =  32.97146 u + 1.008665 u
               =  33.980125 u

= 33
15 P + 1

1H 
               =  33

15 P + 1.007825 u
m

   m  =
               =  33.980125 u 33

15 P + 1.007825u
             =  32.9723 u 33

15 P
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E 0.533 MeV

  E  = m 931.5 MeV/u

        0.533 MeV  =  [32.9723 u 33
15 P 931.5 MeV/u

33
15 P  =  32.97173 u

   33
15 P 32.97173 u

28. 235
  9.0 × 1012

  E  = m c2

E  =  9.0 × 1012 J ,  c  =  3.0 × 108 m/s
9.0 × 1012 J  = m 3.0 × 108 m/s 2

        m  =  1 × 10-4 kg
               =  0.1 g

  0.1

29. 1 4.0
235

2.0 × 104 235
1 235 173.20 MeV

  2 × 104 × 4 GJ  =  8 × 1013 J
235  

  173.20 MeV
173.20 × 106 eV  × 1.6 × 10-19 J/eV =  2.77 × 10-11 J

235 235 u
2.77 × 10-11 235 235 u

8 × 1013 235
     

=
13

11
(235 u)(8 10 J)

2.77 10 J
6.787  1026 u

               =  (6.787 × 1026 u)(1.66 × 10-27 kg/u)
               =  1.127 kg

  235 1.1



256 620

 
30.  

0.025 u 1000
  

           E  = m 931.5 MeV/u

           E  =  0.025 u 931.5 MeV/u
           E  =  23.288 MeV

E  = 23.288 × 106 eV  × 1.6 × 10-19 J/eV
               =  3.73 × 10-12 MeV

n 1 1000

=n -12

1000 J/s
3.73 10 J

 

               =  2.68 × 1014

   2.7 × 1014

31. 
            9 2 10 1

4 1 4 1Be + H  Be + H
9 9

4Be 9.012183 u  
10 10.013535 u

  E m
E  = m 931.5 MeV/u

m1

   m1  =  9.012183 u + 2.014102 u 10.013535 u + 1.007825 u)
        =  4.925 × 10-3 u

m1

           E  =  4.925 × 10-3 u 931.5 MeV/u
               =  4.59 MeV

   4.59
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32. 1
        2 2 4

1 1 2H + H  He
2
1H 2.014102 u

4
2 He 4.002604 u

  m
        =m 2 4

1 2H He
2m m

               =  2 2.014102 u  – 4.002604 u
               =  0.025600 u

E m
           E  = 0.025600 u 931.5 MeV/u
               =  23.8464 MeV

E  =  23.8464 × 106 eV × 1.6 × 10-19 J/eV
               =  3.82 × 10-12 J

2 2 2.014102 u   =  4.028204 u 

4.028204 × 1026 u 1.66 × 10-27 kg/u =  6.69 × 10-27 kg
6.69 × 10-27

   3.82 × 1014 J 1 kg 'E
         

='E
12

27

3.82 10 J 1 kg

6.69 10 kg
 

               =  5.71 × 1014 J
   1
   5.7 × 1014

33. 

1  1 1 2 0
1 1 1 1H + H  H + e + e
2 1 3
1 1 2H + H  He + 
3 3 4 1
2 2 2 1He + He  He + 2 H + 

2 
3 
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1 
2 
3 

4
2 He

1
1H  , 2

1H  , 3
2He  , 42 He 1.007825 u, 2.014102 u, 

  3.016029 u 4.002603 u
  m

E1 1 m1

    m1  =  1.007825 u + 1.007825 u  2.014102 u  0.000549 u
         =  0.000999 u

       E1  = 0.000999 u 931.5 MeV/u
         =  0.930 MeV

E2 2 m2

    m2  =  2.014102 u + 1.007825 u  3.016029 u
         =  0.005898 u

       E2  = 0.005898 u 931.5 MeV/u
         =  5.49 MeV

E3 3 m3

    m3  =  3.016029 u + 3.016029 u 4.002603 u + 2 × 1.007825 u)
         =  0.013805 u

       E3  =  0.013805 u 931.5 MeV/u
         =  12.86 MeV

E  
3 3

2He 2 1 
2 2
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        E  =  2E1 + 2E2 + E3

         =  2 0.930 MeV) + 2 5.49 MeV) + 12.86 MeV
         =  25.7 MeV

   1 0.930
2 5.49
3 12.86 

25.7

34. 1 3.20 × 1010  
235  

200  
235 1

  m 235  
1

235 m n
        =

=

n
23(6.023 10 atoms/mol)

235 g/mol
m

 
21 1(2.56 10 )  gm

200
E n n

        E  = 200 × 1.6 × 10-13 J m 2.56 × 1021 g-1]
3.20 × 1010

   3.20 × 1010 J  = 200 × 1.6 × 10-13 J m 2.56 × 1021 g-1]
       m  =  0.390 g

   235 0.390
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35. 10

239 3.3 × 10-11 1 5 
 

239
239 239.052163 u

  10 
 1 10 10 × 106

10 × 106 1
5

1 5 10 × 106

1
   5 10 × 106 24 × 60 × 60 s =  4.32 × 1012 J

239 1 3.2 × 10-11 J

         =
12

11

4.32 10
3.2 10

231.35 10

1 6.023 × 1023 239
239 1.35 × 1023

         =
23

23

(239 g)(1.35 10 )
6.023  10

53.6 g  

   239 53.6

36. 
241
95Am  

241 

  241 241 95
241 4 241 – 4  =  237

2 95 – 2  =  93 
93  

24 241 237 4
95 93 2Am Np + He
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  241 237 4
95 93 2Am Np + He

 
count rate  

 
 

37. 
3.90 × 1026  

  1 3.90 × 1026

c  3.0 × 108

E  =  mc2

3.90 × 1026 J  = 3.0 × 108 m/s 2

          m  =  4.3 × 108 kg

   4.3 × 108 kg

38. 

  9.1 × 10-31

 
E  =  mc2

c 3.0 × 108

           E  = 2 × 9.1 × 10-31 kg 3.0 × 108 m/s 2

               =  1.6 × 10-13 J

           =E
13

19

1.6 10 J
1.6 10 J/eV

               =  1 × 106 eV
               =  1 MeV
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   1.67 × 10-27

 
    E  =  mc2

           E  = 2 × 1.67 × 10-27 3.0 × 108 m/s 2

               =  3.0 × 10-10 J

           =E
10

19

3.0 10 J
1.6 10 J/eV

               =  1.878 × 109 eV
               =  1878 MeV

  
    1.6 × 10-13 1 MeV

    3.0 × 10-10 1.9 GeV

39. X 2 Y 3 Y 
X Y

  A  =  

1/2T 0.693

A
1/2

0.693 N
T

X 2 3A Tx

Y A T

X  =

=

3A
X

0.693 (2 )N
T

A
Y

0.693 ( )N
T

1

 Y 2
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1 2 =X

Y

T
T

2
3

    X 2
3

Y

40. A 12 B
20 B C  

B A B
  A  =  

  1/2T 0.693

 A
1/2

0.693 N
T

AA A AB B

A A
          B B

B B AB = B

A B AB  =  AA

        =

=

=

=

A

B

A
A

A A

B B

N
N

1 A(20h)
(12h)

N

BN
A

B

N
N

12h
20h
3
5

  A B 3
5

41. 3 A   B C A
B B C 3  

(t
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    N

t

N

tAA
B

C
B

C

A

N N

tt

C B A CBA
NN

  3  

 
 

 
C 

C  

 
3

  

42. 222 222
86 Rn

214 214
83Bi  

   1 4
2 He A 4  

Z 2 1  
0
1e Z

222 222
86 Rn 21 214

83Bi

222 – 214  =  8

      2 8  =  2 × 4
2

2 × 2  =  4

41
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86 – 4  =  82 83  

214 
214  

1  1 
2  

1

   222 214
2 1

43. 4
2 He 4.002603 u +2e  

1.5 × 107 165 165
67 Ho

165
  m Q1 v  

Q2  
d 

        
165
67 Ho

v

d

d
      =

=

=

=

kE pE
21

2
mv 1 2Q Qk

r

r 1 2
22 Q Qk

mv

d

=d

9191229

27 7 2

2(9 10  N m /C )(2 1.60 10 C)(67 1.60 10 C)
(4.002603 1.66 10  kg)(1.5 10  m/s)

144.13 10 m

      4.1 × 10-14
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44. 3.2 × 109  

5.2  
2 × 10-4

1

900
  1  

A 3.2 × 109 1  

               =  3.2 × 109

E1

E  =  5.2 MeV
E  =  5.2 × 106 × 1.6 × 10-19 J

1 E
            E  =  1

                = 3.2 × 109)(5.2 × 106 × 1.6 × 10-19 J)
                =  2.66 × 10-3 J

            Q  =  mc T
m  =  2 × 10-4  c =  900 J/kg K 1

         Q  = 2.66 × 10-3 J 60
Q  =  mc T

2.66 × 10-3 J 60 = 2 × 10-4 T 
          T  =  0.9 K 0.9 C

   2.66 × 10-3

1 0.9 C
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45. t  =  nT =A 0

2n

A  
 = 0

2n

m
m A0 m0

   A t  
A

             A 0
tA e

1/2

ln 2
T

t  =  nT
             =

ln2
0

nA e
ln 2

0

n

A e

1/2
1/2

ln 2( )

0

nT
TA

=A

=A

A e
      
     

eln x  =  x  
=A 0

2n

A  
m t m0

=m 0
tm e

t  =  nT

             = 0

2n

m
m  

46. 235 235
92 U  

200  
800 25  

235
  W 235

25 0.25
            W  = 200 × 1.60 × 10-13 J)(0.25)
                =  8.0 × 10-12 J

P
             P  =  800 × 106 W
                =  800 × 106 J/s
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n

             =

=

=

=

n
P
W

6

12

800 10  J/s
8.0 10  J

18 1 3600 s 24 h(100 10  s )
1 h 1 d

24 18.64 10  d

    235 8.64 × 1024

47. 235 235
92 U  

236 236 *
92 U

         235 1 236 *
92 0 92U + n  U
236 98  

98
42Mo 136 136

54Xe 2  4 
235  

235
92 U  98

42Mo 136
54Xe 235.043925 u  97.905405 u 

135.907220 u
   E E  

m
          E  = m 931.5 MeV/u

      235 1 236 * 98 136 1 0
92 0 92 42 54 0 1U + n  U Mo Xe 2 n + 4 e

 

       m  = 235.043925 u + 1.008665 u
                   97.905405 u + 135.907220 u + 2 × 1.008665 u
              =  
              =  0.222635 u



2696 20

 
          E  = m 931.5 MeV/u

E  = 0.222635 u 931.5 MeV/u
               =  207.384503 MeV
  235 207 MeV




