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Wave Mechanical Model of the Atom 
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E = h        (26) 

h

 
(h = 6.6252 x 10-27 erg.sec.) 
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h = ho + ½m2       (27) 
 (1/2m2)    

(2) = 
o    

            

o 

 

c 

Compton effect  
   (1922)      

         

          

         

X

           

          X
 

 
  تشتت أشعة أكس: (10)شكل 
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(10)h

  (M) )h(     ` ,   

        (d)  

(` - ) 

d = 
mc

h2  sin2 /2      (28) 

mC

(3)d

 

 

 
          





(1929)





 

 = 
m

h        (29) 

(m)


 

     

  (r)

2r2r = nn 
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 = 
m

h  

 2r = 
m

nh       (30) 

 
mr = n.h/2      (31) 

 

        

 

 
  موجات دى بروجلى: (11)شكل 



 

          

  

           



         

(11) 
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     (12a)   

(12b) 



 

 
  جهاز طومسون: (12)شكل 
P  =  

 G = (10-6 cm) 
   M =             

P.C. 

 

 
        

          

 



p.q

h 
p.q > h       (32) 
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 p       q 

 



 

 

 

a        (O)   



 

q = 



sin2

`       (33) 

q`

        

  (h/ 

 

 

 
  تشتت الضوء بالإلكترون: (13)شكل 

 

 OX OY13

       `    (h/`
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OX 


h  + 

'
h


 sin        (34) 

OY

 


h  - 

'
h


 sin        (35) 

 (32) (33)      

      (34) (35)  

 

P = (

h  + 

'
h


 sin ) - (

h  - 

'
h


 sin ) = 
'
h2


 sin      (36) 

(33)(36) 

p.q = 
'
h2


sin  . 



sin2

`  = h 

         

(h) 
p.q > h       (37) 

 

 
       

           

 



 

 = A sin 

x2       (38) 
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   x      



(38) 

dx
d  = 


A2  cos 


x2      (39) 

(39) 

2

2

dx
d   = — 2

2A4


  sin 

x2      (40) 

 

   = A sin 

x2   

(40) 

2

2

dx
d   = — 2
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        (41) 

m

 
K.E. = ½m 2      (42) 

 m       

(42)(m) 

K.E. = ½
m

m 22        (43) 

 

m = 

h        (44) 

(44) 

m22 = 2

2h


       (45) 
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(43)(45) 

K.E. = 
m2
1  2

2h


      (46) 

(41) 

2 = — 

2

2

2

dx
d

4

       (47) 

2(47)(46) 

   K.E. = — 
m2
1  

2

2

4
h  . 2

2

dx
d   

K.E. = 



m8
h

2 . 
dx

d2      (48) 

E

 

K.E. = (E – V) = -
 m8

h
2

2
  2

2

dx
d      (49) 

 

2

2

dx
d   + 2

2

h
m8  (E – V)  = 0    (50) 

 

    

  z, y, x    (50)

 

2

2

dx
d   + 2

2

dy
d   + 2

2

dz
d  + 2

2

h
m8  (E – V)  = 0               (51) 

   E

 V
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EV

(E - V) 

         

    , , r r  

         x 

x(x-
y) (14)

 

 
  إحداثيات قطبية: (14)شكل 

 
(r, , ) = R (r) () ()    (52) 

 

 
           

 |*|* 



2   

2

  2         
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(15)1S

    (16-i)



(16-ii)

2r 

 
 دوال (b) احتمال الكثافة الإلكترونية (a)السطوح العقدية لذرة الهيدروجين : (15)شكل 

  .هى علامات تدل على الصنف) -(، (+)الموجة الإلكترونية 
 

 

 
  (1s)التمثيل البيانى ذى البعدين لاحتمال التوزيع لذرة الهيدروجين للدالة الموجية :(16)شكل
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 (16-iii) 

      (15-a)  

   (16-iv)     



 

  (16-v) (16-vi)    

       10%  

50%

   90%       

 

(x)

        (x) 





 

         

 

 

 
        



          

 



   

(17) 
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 حركة الإلكترون فى صندوق أحادى البعد الموجات الإلكترونية ومستويات الطاقة (17):شكل 

  .المسموح بها
 

— 
m8

h
2

2


 2

2

dx
d    + V(x)  = En   (53) 

          

 
o < x < a 

         

 
(x) =  x < o 
(x) = o   o < x < a          (54) 
(x) =   a < x 



 
(x) = o x < o  , x > a          (55) 

 

— 
m8

h
2

2


 2

2

dx
d   = En           (56) 
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En

 

2
n

2

h
Em8  = 2            (57) 

 

2

2

dx
d   = -2            (58) 

(58) 

1 (x) = sin x          (59) 
2 (x) = cos x          (60) 

 
 (x) = A sin x + B cos x        (61) 

       A B  

 

(61) 



a<  x <o 

 
(x) = o  x < o          (62) 
(x) = A sin x + B cos x   o < x < a 
(x) = o     a < x 



  

x = ox = a 

 

ox
lim


 (A sin x + B cos x) = B = o         (63) 

ax
lim


 (A sin x + B cos x) 

= A sin a + B cos a= o                 (64) 

o b e i k a n d l . c o m



 47 

(B)(64)

 
A sin a = o          (65)  

(65)A 



  

 
Sin a = o             (66) 

 

a = n n = 0,  1,  2,  3           (67) 
 n = o      

n = n = -

nn = 1, 2, 3, 4 
(67) 

 
2a2 = n22           (68) 

(57) 

2 = 2
n

2

h
Em8          (69) 

(68)(69) 

En = 2

22

am8
hn          (70) 

  (18)     

(En)(a) 

 
E(atomic units) 
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  .لومية للإلكترون السالب فى مجال البروتون الموجب طاقة الوضع الكو(18):شكل 

         

         

 

         

(C=C-C=C) 

  (70)        



 

 

 
 

         



m

 u m
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r =   , V = o   

   V = -   r = o   
         Ze

 V = -Ze2/r    (18) 

 

( 2

2

x
  + 2

2

y
 + 2

2

z
 )  + 2

2

h
u8  (E + 

r
ze2

)  = o      (71) 

 

2 + 2

2

h
u8  (E + 

r
ze2

)  = o        (72) 

2 

2 = 2

2

x
  + 2

2

y
 + 2

2

z
  



r(14)

(71) 

2r
1  

r
 (r2 

r
 ) + 

22 sinr
1

2

2


  + 

sinr
1

2 
  (sin  


 )  

2

2

h
u8  (E + 

r
ze2

) +  = 0        (73) 

r 

(r, , ) = R (r)  ()()       (74) 
Rr

(73) 
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2

2


  + m2 = o         (75) 

sin
1  


  (sin  


 ) - 

2

2

sin
m   +   = o       (76) 

2r
1  

r
 (r2 

r
R

 ) — 2r

 R + 2

2

h
u8  (E + 

r
ze2

)  R = 0    (77) 

m(75)

          

m = 0, 1, 2 

   m  (76)    

 =  l  (l   + 1) 

 
l  = |m| , |m| + 1, |m| + 2 etc. 

 |m| m    (77)

(n)n = 1, 2, 3, ...  

(73) 

E = — 22

422

hn
ezu2         (78) 

u    

         

 

        

     0, 1, 2, 3  

f, d, p, s 

(19)d, p, s 
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  السطوح المحددة للأوربتالات المختلفة: (19)شكل 
 

Quantum Numbers 
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256



 

 

(i) 



    

           

   (n)  n     

n... , 3, 2, 1 

      

 

    

2 

         n 

 

n(1)n = 1

k

2n2 

   1, 2, 3, 4, 5, . . . . (n) 

      K, L, M, N, O       
(2n2)  2  8  18  32 50  

   n = 1, 2, 3, 

      1    
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  دوال الموجة الإشعاعية للذرات أحادية الإلكترون: (1)جدول 
n 0 1 2 
1 2e-/2        -- -- 
2 (½ 2 ) (2 - )e-

/2 
(½ 6 )e-/2 -- 

3 (1/9 3 ) (6 - 6 
+ 2)e-/2 

(1/9 6 ) (4 - 
2)e-/2)e-/2 

(1/9 30 ) 2e-

/2 

 r
nh

me8
2

22










      

(ii)Azimuthal quantum number 





  = o = (n - 1)

        

        n   

(n - )  

n(n = 2) 2(0)(1) = 
0 

 

r = infinityr

(1)

(n -  = 2 - 1 = 1)

       (15)  

n = 1n = 2 

 

 n = 1  = 0  1s    
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2
h)1(           (79) 

h 

 (iii)Magnetic Quantum Number  

           

 

m(2 + 1)

-, 0, + 

(S)m = 0,  = 0

p d  f 



 

(iv)Spin Quantum Number 





+1/2-1/2(,) 

 

Pauli`s Exclusion Principle 
        

 

   

 



2n2n = 28
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s = +½ m = 0 l = 0 n = 2 
s = -½ m = 0 l  = 0 n = 2 
s = +½ m = 0 l  = 1 n = 2 
s = -½ m = 0 l  = 1 n = 2 
s = +½ m = +1 l  = 1 n = 2 
s = -½ m = +1 l  = 1 n = 2 
s = +½      m = -1  l  = 1 n = 2 
s = -½      m = -1 l  = 1 n = 2 

 

 

 
          



p

½½ (-

pII, I 

 
 px py pz  px py pz  
         
 (I)  (II)  

(I)(px)

       (II)    



pz    px py

III 

 
       

(III) 
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Screening rule 
   

 



ns(n-1)d6s, 5p, 5s

4f 

 
  نظام ملئ الأوربتالات بالإلكترونات: (20)شكل 

 

 
        

           

 2n2   

          

         

 
1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p < 6s 
< 4f < 5d 
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 (20)

 

       

(2)

 



  (d)  

Au, Pt, Ag, Pd, CuCr

Mo



 



d10, d5d(5)(10)

 

d9, d8, d4 

          

5s2, 4d4 
         
 4d  5s  

      5s  4d 

 
         
 4d  5s  

4d

 

        

(21) 

o b e i k a n d l . c o m



 58 

 
 

  .تقسيم العناصر فى الجدول الدورى إلى أربع أقسام: (21)شكل 
 

(1)                  s- 

(2)                  p- 

(3)                  d- 

   (4)                f 
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 .ترتيب الالكترونات فى الذرات: (2)جدول 
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  :(2)تابع جدول 
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 -1







400  A

6.60 A 

-2 
-3gm1cm / sec0.1

 
 -4 
a   b 

c 

-5gm1.3 x 106cm 
/ sec1.0 x 103 

-6

 

-7

 

-8

 

-9 

  a bc 

-10 

-11M3n18 

-12 

  a    

b  
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cSP 

-13 
Ca , Mn , Br , S , Ar 

-14 
(i)   1S2 , 2S2 , 2P6 
(ii)  1S2 , 2S2 , 2P6 , 3S2 , 3P6 , 3d5 , 4S1 
(iii) 1S2 , 2S2 , 2P6 , 3S2 , 3P6 , 3d10 . 4S1 
(iv) 1S2 , 2S2 , 2P6 , 3S2 , 3d7 , 4S 
(v)  1S2,2S2,2P6,3S2,3P6,3d10,4S2,4P6,4d10,5S2,2P6,5d1,6S2 

-15a 

b

 
n = 3; L = 2; m = +2 
n = 3; L = 2; m = -1 

c

m 

-16 

in 

iiL 

iiin 

ivL 

vn 

-17

 

a1S1 

b1S2 

c2S22P3 

d3S 1 
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