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� ا���ء 1- 1   -  1      � �������  :  �)�د�& %��$# "�! ا 
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********************************************************************************  

        2-1(  �+�,�:                         
3 3

3 3( ) ( )
. .

H O CH COO
H O CH COOσ λ λ+ −

+ −   = +     

3 :      و.�� أن 3H O CH COO+ −   =     

 

3                               :و��� 
3 3( ) ( )

H O
H O CH COO

σ
λ λ

+
+ −

  =  +
  

********************************************************************************  

      1S: 23 ا��	��ل )   3-1

 
2

3 31
3 2 3

3 3

3,5.10
0,897666 0,9 / 0,9.10 /

( ) ( ) 3,49.10 4,09.10
H O mol m mol L

H O CH COO

σ
λ λ

−
+ −

+ − − −  = = = ≈ =  + +
  

  2S : 23 ا��	��ل 
2

3 32
3 2 3

3 3

1,1.10
0,28 / 0, 28.10 /

( ) ( ) 3, 49.10 4,09.10
H O mol m mol L

H O CH COO

σ
λ λ

−
+ −

+ − − −  = = = =  + +
  

********************************************************************************  
  .�+	,د �>;& ا��:,م ا�+27�8 23 آ# �5 ا��	����5  )4-1

    
3

31 1
1 2

max 1

0,9.10
0,018 1,8%

5.10
f f

H Ox

x c
τ

+ −

−

  = = = = =      ،    1max 1 1.x c V=1:    و 3 11
.f f

x H O V+ =    

2

3
3 2

2 3
2max 2

0,28.10
0,056 5,6%

5.10
f f

H Ox

x c
τ

+ −

−

  = = = = =       ، 2max 2 2.x c V=2 : و 3 22
.f f

x H O V+ =    
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? <��& �>;& ا��:,م ا�+27�8
********************************************************************************  
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f

éq éq

x
CH COO H O

V
− +   = =     

[ ]3 3
f f

éq

cV x x
CH COOH c c H O

V V
+−

 = = − = −    

  :        �D.�& ا���ازن 
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3 3 3

3 3

.
éq éq éq

éq éq

CH COOH H O H O
K

CH COOH c H O

+ +

+

      = =
 −  

  

   :1S.��+>;& ���	��ل 
2

3 23 1 5
1 2 3

1 3 1

(0,9.10 )
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éq

H O
K

c H O

+
−

−
− −+

  = = =
− −  
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2

3 23 2 5
2 3 3

2 3 2
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1,6.10
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éq

H O
K

c H O

+
−

−
− −+

  = = =
− −  
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  :& ا����$# ا�	�IJ #Kل ا��)���ة�)�د�)  1- 2)  2

3 3 2CH COOH HO CH COO H O− −+ → +  

3 3
3 ( ) ( )

( )
H O CH COO

H Oσ λ λ+ −
+ = + 



********************************************************************************  
2-2 ( L3����ا &>I$ لIJ 5�:  

. .S A B BEC V C V=  
2 3

2 2
3

. 1,5.10 .15,7.10
1,1778.10 1,18.10 /

20.10
B BE

S
A

C V
C mol L

V

− −
− −

−= = = ≈  

********************************************************************************  
3-2( � M��N��ا &>I$ لIJ 5:  

. .o o s sC V C V=                 ⇐       
2

3

. 1,18.10 .0,1
1,18 /

10
s s

o
o

C V L
C mol L

V L

−

−= = =  

  : �)�IJ 5� Qل ا��)��Pت أن  

  
X  :1ن ا����& ا�	mL  #N�� &��E 100 أي آ��&  �5 ا�100g#Nإذن درS& ا�	��R& %��# آ��&  /g mLρ =.  

 	
�� آ��� ا��� ا�����دة �� ا�� �����100V mL=.  
1 3 1. . 1,18 . .100.10 .60 . 7,08 7om C V M mol L L g mol g− − −= = = ≈  

  .وه� �� ��اF3 ا�:��& ا��>Y�$ &�E ا�N# ا���Eري

◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍◍  
   .  ا����Sت��%1�5 : ا���@��ء   

1(  
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********************************************************************************  

2-1                                    (a λ≤        
********************************************************************************  
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2

L

D
θ =  

********************************************************************************  
4-1( 1-4 -1 (  

:                         �)�Q أن 
a

λθ =         ⇐         1

2

L

D a

λ=     ⇐         1

2 .D
L

a

λ=  ⇐ &(:;�1$�ض اL  \3�+�� داد آ���@�a.   

********************************************************************************  

.,θ &�G ا����# ��^��ات 3ا��+	+Y 23 ا�[�# ) 1- 2-4          
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a
��� �5 أK# ا��)�Q  �)�د���  Q�:�<� 5$ ه� $;�رة

1
k

a
θ =.  

: �);�ة $5 ا���ق ا�@اوي �,�+�     و�IJ 5ل ا�)I<& ا�
a

λθ = �S���إذن ا��)��# ا            :k λ=  
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645.10 645

1 (6, 2 3,1).10( )
k m nm

a

θλ −∆ −= = = = =
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L

D a
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6
1 2

1

2 . 2.(1,6 ).645.10
43.10 43

4,8.10

D m m
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L m

λ −
−

−= = = =  

********************************************************************************  
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2

L

D d

λ=              ⇐         
9

6
2

2

2 . 2.(1,6 ).645.10
82,5.10 82,5

2,5.10

D m m
d m nm

L m

λ −
−

−= = = =    
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********************************************************************************  
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********************************************************************************  

3-1-  

           
dt

di
LuL =  ⇐     [ ] [ ] [ ]

[ ]t
I

LU .=  ⇐                [ ] [ ][ ]
[ ]I

tU
L

.=  

iRuR:       و  .=    ⇐      [ ] [ ][ ]IRU .=   ⇐                 [ ] [ ]
[ ]I

U
R =  


	 ا���� ��
:و��� أن 
t

L

R
τ =         ⇐       [ ] [ ]

[ ] [ ][ ][ ] [ ] [ ] [ ]tIUItU
R

L =×== −− ... 11τ  


	 ا���� ��
�� ز��� و����� ا�����	 τإذن � ���  s.    
********************************************************************************  
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)�*( �( ا��)�رب  t=0    ا����س �"��!�$ #�� ا�"! 	:  �������+     :   o
t

E
I

R
=           

  
********************************************************************************  

2-4 -1-  �+�,�   :
L

R r
τ =

+
             ⇐    6 5( ) 10.10 .6 6.10L R r s Hτ − −= + = Ω =  

********************************************************************************  
   :II ا�E@ء 

� ا����ر ا�,ارة اGو��& %�S, 23 ا�+��م ا�,اQ7 إذن )2- 1) 2a�> ��3 &�	� ,+$ :( )t o oi I= =  

).���)�ض 23 ا��)�د�&  ) (1 )
t

i t B e τ
−

= − ,+$        t o= ،    0( ) (1 ) (1 1) 0i t B e B= − = −   .  G %�اF3 ا�,ارة =

).���)�ض 23 ا��)�د�&  )
t

i t Be τ
−

= ,+$        t o= ،    0( ) .(1)i t Be B B= =   .  هcd ا�	��&  %�اF3 ا�,ارة =
********************************************************************************  
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 Y+	+��� �S���& �)�+& ا��)��# ا�	ب($+, �( Y+	+��� �S���إذن ) . أ( أآ;� �5 ا��)��# ا :  

  
  &:�D��ن اg3)ب (#R3ل ا�[�)& .����& أ�(�h�8 ا�Pا��. Q��  .ه2 ا��2 

********************************************************************************  
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�  ا����%3�5    : ا���@��ء �����.   
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T S TS
T

M m
F G u

r h
= −

+
� �

  

********************************************************************************  

 3-Q�(� 23    >�رع�8& ا�E�� 2+��3                         :. .t na a u a n= +� ��
        

2

t

s
n

T

dv
a

dt
a

v
a

r h

=

=
+

�
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4- 1-4 -  

 
 Y�$ 5%��+� 2����ا�:���ن ا F�;P�.S 2����ذب ا�E��ة ا�:� �RN�T/ ا�dي  SF

�
:  

.s GF m aΣ =
� �

  

/ .T S s GF m a=
� �

   &�  .���Eع ���8Eت ا�:�ى ا�dEا.�& ��آ@

/ :+��2 �.� �:�ط $�Y ا� .T S s nF m a=  
2

/ . s
T S s

T

v
F m

r h
=

+
TR دا�7�& �+���& S �8$�(h   و.�����g3 2ن "�آ&  r h= +.  

********************************************************************************  
��>�وي <�ة ا���Eذب ا���a 5� ���$ &:;Pف اXرض 23 هdا ا���� : h   وزن ا�Q<E  23 ا ر%��ع  �)�Q أن -4- 2 

                    /T S hF P= :                                             أي   

. .s n s hm a m g=  

. .s n s hm a m g=  

n ha g=           ��   :
2

2( )
T

h o
T

r
g g

r h
=

+
          : و     

2
s

n
T

v
a

r h
=

+
              

2 2

2( )
s T

o
T T

v r
g

r h r h
=

+ +
  

o
s T

T

g
v r

r h
=

+
  

 :ع.ت
2

3 3
3

9,8 .
6350.10 7.10 /

(6350 1000).10
o

s T
T

g m s
v r m m s

r h m

−

= = ≈
+ +

  

********************************************************************************  
5-     

/T S hF P=  
2

2 2

.
. .
( ) ( )

s T T
s o

T T

m M r
G m g

r h r h
=

+ +
  

2. T o TG M g r=  
2 2 3 2

24 24
11 2 2

9,8 . .(6350.10 )
5,92.10 6.10

6,67.10 .
o T

T

g r m s m
M kg kg

G N m kg

−

− −= = = ≈  

********************************************************************************  
5- Xو �,ور "�آ& دوران ا�<� cن دور���  : رض "�ل ��>�8 أي ��2 �;,و ا�:�� ا PK+�$2 ��آ+� .��+>;& ��m"I أر�2 �lE أن 

24sT T h= =  

�+E@ -ا�����&-  ا�:�� ا PK+�$2 ن.�� ا 14cن دورg3  دورة 23 ا���م  :
24

14 14s

T h
T T= = ≠  



�;,و ��آ+� .��+>;& ��m"I ار�2  G �83 2�����.و.  
*******************************************************************************  

�+� �IJ 5ل ا�)I<& ا��);�ة $5 ا�:���ن ا����2 �+��5%  -6,�:  
. NF m a=  

:  أي
2

2

.
.

( )
s T s

s
T T

m M v
G m

r h r h
=

+ +
 ��          :( )s Tv r h ω= +   

      2
2

.
.( )

( )
s T

s T
T

m M
G m r h

r h
ω= +

+
      ⇐2

2
( )

( )
T

T
T

M
G r h

r h
ω= +

+
    ⇐      3 2. ( )T TG M r h ω= +  

.�D          :3���g3 5ن TM:  وG.�� أن  2( ) te
Tr h Cω+ =  

*******************************************************************************  
7-  

 2$�+PK و ا�:�� ا,;�  : دورc �>�و �,ور "�آ& دوران اXرض "�ل ��>�8 أي ⇐      ��آ+� .��+>;& ��m"I أر�2  
24sT T h= =  

 �+�3: و�, 2. ( )T TG M r h ω= + ��                 :
2

T

πω =        ⇐ 
2

3 2

. 4.

( )
T

T

G M

r h T

π=
+

  ⇐ 
2

3
2

. .
( )

4.
T

T

G M T
r h

π
+ =  

2

3
2

. .

4.
T

T

G M T
r h

π
+ =              ⇐                   

2

3
2

. .

4.
T

T

G M T
h r

π
= −  

                        :           ع.ت

[ ]211 2 2 24
3 6 6 33

2

6,67.10 . . .6.10 . 24.(3600 )
6350.10 3,595.10 3,6.10 3,6.10

4.

N m kg kg s
h m m m km

π

− −

= − = ≈ =  

3600h km=  
*******************************************************************************  

 .��)+� اq وإ��آc�+��(% ��. Q ورُز<+� وإ��آ�D Qا.� 
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