























2

4 2

Z
N( )

sin .E
2

 
 
 
 







21
K m v

2  

 
  
 

0 0

1 (2e)(Ze)
U .

4 r


 

2

0 0

1 (2e)(Ze) 1
. m v

4 r 2  
 

2

0 2
0

1 4Ze
r

4 m v 


 

2 4

2 2 4
0

QntZ e
N

(8 )r E sin
2


   
 



21
mv

2

1
Ze
1
m 2

1

v



N t 2N Z
4

1
N

sin
2




2

1
N

E
 Þ

4

1
N

v


2

2
0

Ze cot
2

b
1

4 mv
2

 
 
 

  

b 0

0 cot
2




cot 90 cot 90 180
2 2
 

        







2

2
0

mv 1 (Ze)e
r 4 r






nh
I mvr

2
  









2
n

n

mv

r

2

2
n

KZe

r

n n
nh

mv r
2




 n
n

nh
v

2 mr




2 2 2

2 2 2
nn

n h Kze
m

r4 m r
 




2 2

2
n

n h

4 mr
2Kze


2 2

n 2 2

n h
r

4 m Kze


 
2 2

n 2 2

n h
r

4 mKe z


 




2 2

n 2 2

h n
r

z4 mKe
 




2 2

n
2 2

0

h n
r

1 z
4 m e

4

 
  


0

1
K

4

   
  




2 2

0
n 2

h n
r

zme


 

2

0
2

h

me




2

n

n
r 0.529 Å

z
 


2

n

n
r 0.529 Å

1
 

Bohrradius 0.529Å 53pm 

2

n

n
r 0.529 Å

z
  2

4
r 0.529 Å

3
 

2 2
n

2
n n

mv KZe
r r



n n

nh
mv r

2






2 2
n

2
n n n n

mv Kze 2
r mv r nhr


 

 


2

n

2Kze
v

nh


 2
n

0

1
v 2 z e

4
    




2

n
0

e z
v

2 h n
 



2

0

e
2 h

 6
n

z
v 2.189 10 m / sec

n
  

6
n

1
v 2.189 10 m / sec

n
  

1 2 3

1 1 1
v : v : v : :

1 2 3


1
v

n

 
 

 

 1 2 3v : v : v 6 : 3 : 2

6
1v 2.189 10 m / sec 

1v 1
c 137

  

( )

1v

c

 
  
 

1v 1
c 137

  

e
2m

24 1eh
9.27 10 JT

4 m
  





n
n

n

2 r
T

v




n
n

n

v
f

2 r




2

n
0

e z
v

2 h n
 



2 2
0

n 2

h n
r

zme


 


2 2

n 2 2
0 0

e z me z
f

2 h n 2 h n


  

   


4 2

n 2 3 3
0

me z
f

4 h n





2

n 3

z
f

n


 n
n

n

v
f

2 r




 n
n

n

v
f

r


 n 2

z z
f

n n
 

2

A n

z n
v andr

n z

    
  



2

n 3

z
f

n


3

n 2

n
T

z




n n nE K U 

2 2
n

2
n n

mv Kze
r r

 
2

2
n

n

Kze
mv

r



2

2
n

n

1 1 Kze
mv

2 2 r



2

n
n

1 Kze
K

2 r


1 2
n

n

kq q
U

r


1q ze  2q e 

 n
n

K ze ( e)
U

r
  



2

n
n

Kze
U

r




2 2

n
n n

1 Kze Kze
E

2 r r

 
    

 


2

n
n

1 Kze
E

2 r
 


2

n
0 n

1 1 ze
E

2 4 r


  



2

n
0 n

1 ze
E

8 r


 


2 2
0

n 2

h n
r

Zme


 


2
2

n 2 2
0 0

1 ze
E me z

8 h n


   

 




2 4

n 2 2 2
0

mz e
E

8 h n







4 2

n 2 2 2
0

me z
E

8 h n


 



31m 9.1 10 kg 
19e 1.6 10 C 

2
12

0 2

C
8.85 10

N m
  


34h 6.62 10 


2

19
n 2

Z
E 13.6 1.6 10 Joule

n
    

19{ 1eV 1.6 10 Joule} 


2

n 2

z
E 13.6 eV

n
  

n 2

1
E 13.6 e.V

n
   n n n2K 2E U  

n 2

1
E 13.6 e.V

n
  

1n 1,E 13.6e.V.  

2

13.6
E 3.4e.V.

4


  

3

13.6
E 1.51 e.V.

9


  



4

13.6
E 0.85 e.V.

16


  

5

13.6
E 0.54 e.V.

25


  

13.6
E 0


 











2 1n n

hc
E E 



4 2

n 2 2 2
0

me z
E

8 h n

    
  

2

4 2

n 2 2 2
0 2

me z
E

8 h n


 




1

4 2

n 2 2 2
0 1

me z
E

8 h n


 



4 2 4 2

2 2 2 2 2 2
0 2 0 1

me z me z hc

8 h n 8 h n

      
    


4 2 4 2

2 2 2 2 2 2
0 1 0 2

hc me z me z

8 h n 8 h n
   

  


4

2 2 2 2
0 1 2

hc me 1 1

8 h n n

 
  

    


4 2

2 3 2 2
0 1 2

1 me z 1 1

8 h c n n

 
  

    



4

2 3
0

me
R

8 h c




7 1R 1.09737 10 m 

 2
2 2
1 2

1 1 1
Rz

n n

 
  

   


2 2
1 2

1 1 1
R
n n

 
  

   

1
(wave number) 




2 2
1 2

1 1
R
n n

 
   
  




c

 





2 2
1 2

1 1
RC

n n

 
   
  



n(n 1)
2




2 2
2

1 1 1
R
1 n

 
    

   

4
3



7
2 2

max

1 1 1 1 1
R 1.1 10

1 41 2

   
           

 max 1212Å 

7
2 2

min

1 1 1
R 1.1 10
1

 
      

min 912Å 

2 2
2

1 1 1
R
2 n

 
    

   

2 2
max

1 1 1
R
2 3

 
    

 max 6568Å 

2 2
min

1 1 1
R
2

 
    

 min 3636Å 



2 2
2

1 1
R
3 n

 
   
  

2 2
max

1 1 1
R
3 4

 
    

max 19747Å 

7
2

min

1 1 1 1
R 1.1 10 0

93

   
            

min 8202Å 

2 2
2

1 1 1
R
4 n

 
    

   



2 2
max

1 1 1
R
4 5

 
    

max 40477 Å 

2 2
min

1 1 1
R
4

 
    

min 14572Å 

2 2
2

1 1 1
R
5 n

 
    

   

2 2
max

1 1 1
R
5 6

 
    


max

1
74563Å

 2 2
min

1 1 1
R
5

 
    

 min 22768Å 

2 1 2 1(n n )(n n 1)

2

  

975Å 



12400
(Å)

E(eV)
 





2

2

13.6Z

n

1
12

E
E 52.224eV

n
 

1 1
2 2

E E
1.224 eV

n (n 1)
 



1E 54.4eV 

2

1 2

13.6Z
E 54.4eV

1
  



1 2
1

13.6
E eV

n
 

1E 0.85eV 
2
1

13.6
0.85

n
  1n 4 

2
2

1
E 13.6 1

n

 
   
  

E 10.2eV 

2
2

1
10.2 13.6 1

n

 
  
  

Þ 2n 2

2 2
2 1

1 1 1
R

n n


 
  

   

7
2 2

1 1 1
1.09 10 4860Å

2 4

 
      

   



34 8

19

hc 6.32 10 3 10
E

12.5 1.6 10





  
 

  

7
2 2

1 1 1
(1.097 10 )

2 4

 
     

71
0.306 10 



 74.9 10 m  
8

7

c 3.0 10

4.9 10


  

 
146.12 10 Hz  

2 2

1 1 1
R
(1) n

 
  

   

7 7

max

1 1 1
1.097 10 0.283 10

1 4

 
       

 7
max 1.2154 10 m 1215Å   





 7

max

1 1 1
1.097 10

1

 
     

7
min 0.911 10 m 911Å   

n(n 1)
2




1
2 2

E
E 3.40eV

(2)
  



mv
r

Be


nh
mvr

2




nh
r

2 Be


 2

nhBe
v

2 m




21 nhBe
K mv

2 4 m
 



2e evr
M iA ( r )

T 2

 
    

  2

e nh nhBe nhe
2 2 Be 4 m2 m


 

U M.B 
nheB
4 m

nheB
E U K

2 m
  



hc
10.2eV



h
'

21 hc
mv 10.2eV

2 '
 




21
mv

2

hc
10.2eV

'





h 10.2
eV

' c




10.2
m eV

c
  

10.2
cm

 

10.2
cm



1 2

Mr mr
r ,r

M m M m
 

 

2
2

1 2
0

1 Ze
mr

4 r
 



2
2

2
0

Mr 1 Ze
m
M m 4 r

 
 

2
3 2

0

Ze
  r

4
 



Mm
 

M m




1 2

nh
L I I

2
    


2 2
1 2

nh
mr Mr

2
   


2 2 2 2

2 2

M r Mm r nh
m

2(M m) (M m)
   

 
2

2

mMr nh
(M m)

2(M m)


 



2 nh
  r

2
 



2 2
0

2

n h
r

 z e





2 2 2
0

n n2

n h n
r r

zz e


  

 



2

0

Ze
PE

4 r





2 2 2
1 2 1 2

1 1 1
KE I I (I I )

2 2 2
      

 2 2 2
1 2

1
mr Mr

2
  

2 2 2 2
2

2 2

1 M r m r
m M

2 (M m) (M m)

 
   

   

 
2 2

2 2
2

1 mMr 1 mM
M m r

2 2 M m(M m)

 
      

2
2 2

0

1 1 Ze
KE r

2 2 4 r
   



2
3 2

0

Ze
r

4

 
     





2 2 2 2 4

2 2 2 2 2
0 0 0 0

Ze Ze Z e Z e
E

8 r 8 n h 8 n h

  
      

   

2 4 2 4 4 2

n 2 2 2 2 2 2 2 2 2
0 0 0

Z e mZ e me Z
E

8 n h 8 n h m 8 h n m

      
           

2 2

n 2 2

z Z M
E 13.6 eV 13.6 eV

m M mn n

   
               

2

2

13.6 Z
eV

m n1
M

 
   

 

4 2

2 2 2 2
0 1 2

hc me z 1 1 1

m8 h n n1
M

 
   
      

 

M

R
R

m
1

M




R



Þ
4 2

2 2 2 2
0 1 2

hc me z 1 1 1

m8 h n n1
M

 
   
      

 

Þ
2

0
2 2
1 2

R Z1 1 1

m n n1
M

 
  
      

 



mu
mu 0 (M m)V V

M m
    



2 21 1
K mu (M m)V

2 2
   

21 Mm
K u

2 M m

 
    



2 r n  

h
mv

 

h
2 r n

mv
  

nh
mvr

2












1
e



0I1
I

x e
   

3

1
 



1/2x x

1/2x/x

1/2
0

0.693 I 1
x

I 2

          

x
0I I e

x 1.73 0.578

0

I
e e

I
   

1

0

I 1 1
e 37%

I e 2.718
   

0
10 10

I2.303 2.303
log log 6

x I 10
    
 

2.303 0.7781
0.198 /mm

10


 





2
max

min

1 hc
eV mv h

2
   



2
max

min

1 hc
eV mv h

2
   



 min

hc 12400
Å

eV V(involts)
  



3h
10 eV






3

1242eV nm
1.24nm

10 eV


  

1

V V


V 2V



max min
min

hc hc
K eV

eV
    





K K

hc
E 


hc
E

 


K



K L

a(Z b)  



2 2
1 2

1 1
CR .(Z b)

n n

 
    
 
 

2
2 2
1 2

1 1 1
Rz

n n

 
  
   

1n 1 2n 2


3RC

(Z b)
4

  

 a(Z b)  

3RC
a ,[b 1forK lines]

4  


2 2
1 2

1 1
cR .(Z b)

n n

 
    
 
 



0

0

c
c

c
aZ a 

 x
x

c
aZ a 



0

0

c x

x c

Z 1

Z 1

 


 

x178.9pm Z 1

143.5pm 27 1








22
2
2

2

2

2
23
2

2

2

2

3

hc



41.24 10

13.6 228







3
kT

2



–19

–23

13.6 1.6 10

1.5 1.38 10

 

 



 
 

 

5
6

 
 

 

5
6

 E 

  

E 
5
6

  

5
h (h 13.6eV)

6
   



12400
1215

h
13.6eV

6


 


(13.6 10.2) 6eV

h
 

 





E

 
41.24 10

13.6


E


4124 10

13.6 4



z
n

2n
z

v
r

6 2

10 3

2.19 10 Z

0.529 10 n








1 2

hc hc


 

2

1
1
n

 
 

 

1240 1240
108.5 30.4

 
 

 

2

1

n

1
13.6 4

Þ



1
1–

4

 
 
  2 2

1 2

1 1
–

n n

 
 
 
 

2

1

Z  2
1

2z
2 2
1 2

1 1
–

n n

 
 
 
 



1
1

4

 
 

 

p
m

E 1
.

c m

19

8 24

10.2 1.6 10

3 10 1.67 10





 

  

C
Å

1
2

1
2

–27 2

–19

(1.67 10 ) (3.25)

1.6 10

 



HE

E
–85.5 10

10.2




E
2

1 1
1 3

 
 

 

hc
E

 


12400
13.6 8

E
c

2P
2m

2

2

E

2mc
2

3

8 26

6.4 10 1.6 1
J

3 10 2 (9.3 10 )

  
     





1
2

2

2 0
0

v1
mv (2m)

2 2

 
   

 

2
0

1 1
.mv .T

4 2




min

hc


min
hc
KE

 
1 1
–

V 1· 5V

 
  
 

1
3V


4

–2

1.24 10

3 26 10



 



E
2 2
1 2

1 1

n n

 
 
 
 



1 1
1 4

 
 

 













