
 7 ...................................................................................................................................................................................... فصل اول: حرکت بر خط راست 

بخش 1: مبانی‌حرکت‌شناسی ....................................................................................................................................................................................................... 8

34 ........................................................................................................................................................................................................ بخش 2: حرکت یکنواخت 

بخش 3: حرکت با شتاب ثابت ................................................................................................................................................................................................. 44

بخش 4: بررسی حرکت‌های تریکبی ...................................................................................................................................................................................... 65

77 ...................................................................................................................................................................................................... بخش 5: تعیین نوع حرکت 

82 ................................................................................................................................................................................................................... بخش 6: سقوط آزاد 

93 ....................................................................................................................................................................... فصل دوم: دینامیک و حرکت دایره‌ای

بخش 1: قوانین نیوتون................................................................................................................................................................................................................ 94

بخش 2: معرفی بعضی از نیروهای خاص ............................................................................................................................................................................ 101

بخش 3: کار انجام‌شده توسط نیرو ...................................................................................................................................................................................... 129

130 ......................................................................................................................................................................................................................... بخش 4: تعادل 

بخش 5: تکانه ........................................................................................................................................................................................................................... 133

بخش 6: حرکت دایره‌ای ......................................................................................................................................................................................................... 140

بخش 7: گرانش و ماهواره ...................................................................................................................................................................................................... 157

164 ..................................................................................................................................................................... بخش8 : نیروی مرکزگرای وارد بر ذرهء باردار 

فصل سوم: نوسان و موج .................................................................................................................................................................................................. 166 

بخش 1: نوسان............................................................................................................................................................................................................................ 167

بخش 2: موج ............................................................................................................................................................................................................................. 210

 254 .............................................................................................................................................................................. فصل چهارم: برهم‌کنش‌های موج 

 310 .......................................................................................................................................................................... فصل پنجم: آشنایی با فیزیک اتمی 

فصل ششم: آشنایی با فیزیک هسته‌ای .................................................................................................................................................................... 336 

پاسخ‌نامهء تشریحی‌ ...............................................................................................................................................................................................................357

685.................................................................................................................................................................................................................. پاسخ‌نامهء کلیدی 



 

 

. ( : )F v= Þ0 SMIY

F
F ¢F

¢F
 



Få m

a F
m F ma= Þ =å å           (  

1 1
2N kg m s= . /  ( )N F ( / )m s2 a ( )kg m SI

( / )N kg SI 1

Þ = Û =å( )F a0 0  

Få

F F2 12== -- F i j1 3 4== -- 0 5/ kg

( ( SI
       

F F F F F F i jå = + = - = - = - +
1 2 1 1 1

2 3 4  | | | | ( ) ( )F F Nå = - = - + = + = =
1

2 2
3 4 9 16 25 5

a
F
m a N kg= = Þ =å 5

0 5
10/ /  

F2 F1 Få
 F F F FFå = + +

1

2

2

2

1 2
2 cosa a

 F Få = 2
2

1
cosa F F

1 2
=

90

10
2m s/

 F F F F F F F F F
1 2 1

2
2

2
90

2
2 45 2

2

2
2= = Þ = = = = ´ =å cos cos( ) cosa

 F F F F F F
2 1 2

2å = + = + =

 F ma
F
F

a
a

F
F

a a a m sm
å å

å
= ¾ ®¾¾¾ = Þ = Þ = Þ =

( : ) /SMIY
2

1

2

1

2 2
2

22

2 10
2

10
10 2

F maå  



y x

F max xå = , F may yå =  

y x x
x

F

(
  

 10 3    5 3

Fx F Fy F
    

 a F
m m s a a a m sx
x a

x
y

= = = ¾ ®¾¾¾ = Þ =
=10 3

2
5 3 5 3

2
0

2/ /
( )

 

( )a ( )t ( )v ( )x
( )a ( )m ( )F

m

       
 ( )75m ( )5 s

 Dx at v t a a m s= + Þ = ´ Þ =1

2
75

1

2
5 6

2

0

2 2/

 F ma m m kg= Þ = ´ Þ =54 6 9  

30 km h/
(

( )SI F2 xoy v i j== ++ 2 F2 F i j1 == -- 1kg
3 j  - +i j3  2i j+  - +i j

F max xF mF aå F may yF mF aå



F t t== -- ++2
2 1

   

F m

4a F 2d d

a 2F

     1
2

2 1
2/ /m s 7 5/ 12 5/

90
2cm s/

12
2m s/ F

F 6
2m s/

    
m m2 1-- 6

2m s/ m2 12
2m s/ m1 F

(
   

B ¢¢F F B A

B A F ¢¢F A

  3   2

F N== 66
a

( 1
2m s/

    
m kg2 3== m kg1 2==

m1 m1 30 N F

( m2
    



m m2 12== m1
| F | 15 N m1 m1 F

   22 5/  
F t1 2 3== ++ t SI

F t2 7 4== ++

(
    2 5/

F j3 10== -- F i j2 10 20== ++ F i j1 20 50== -- SI 5 kg

 10 2     5 2   
5 kg F i j2 3 6== ++ F i bj1 2== ++

 5   2   
F2 i F1 m F3 F2 F1

( SI (SI F3 -- ++2 i j

 - -i j   i j-   - +i j    i j+

xoy 5
2m s/ F i nj2 3== ++ F mi j1 2== ++ 2 kg

( SI n m F ni n j3 2== -- ++( )

 -5   -8 5
   -9

2 2m s/

 2 2    2   2
2

F2 F1 m

        

(
 2 5/  1 5/  

4kg F N3 12== F N2 6== F N1 8==

F2 F1
  3 5/  

F3 F N3 8== F N2 4== F N1 5== 5 kg
(

 F3 /  F3 /   F3   F3
5 kg F N3 30== F N2 20== F N1 10==

F3 F2 F1 1
2m s/

25  10  5  15



40m s/ 1 cm 100m s/

   
v x F

¢¢x
x 2v ¢¢x

  2  
10m s/ 20m s/

 2 5/   1 25/   0 8/   0 4/

37 5 kg
(sin / )37 0 6== 25m 5 s

      
72 km h/ 10 kN m

m

      
x m== --10 x v i== 2 500 g

( 4 s F i== 3
   

v t== --2 3 SI x m0 4== x

(x) t s== 8 t s== 5
   

F NB == 4 F NA == 6 1kg B A

10 s ( FB B 5 s

   
m kg2 10== m kg1 20==

2 s F N== 15

( 4 s

   

F N== 10 2 kg
100 J

   
F

2K K t

 ( )2 1- t   2t  t   2
2 t



A B B A

FBA A B FAB B A

F FAB BA= -

( )FEA
( )FAE

a
F
m

m g
m gA

EA

A

A

A
= = = mA aA

mE aE

a F
m a m

m gE
AE

E

F F
E

A

E

AE EA= ¾ ®¾¾¾¾ =
=( )  

a m sE = ´ = -1

10

10 10 0
24

23 2/ 10
24

( )F

( )¢¢F

F
¢F

F .
¢F

¢F F



 4 5   
............... (

(
F2 F1 F2 F1

(
(

20m s/ 160 g 80 kg

............... ...............

40m s/ 50 kg 5m s/

 W mg=           (
9 8/ /N kg g

 W mg
F ma

a g=
=

ì
í
î

Þ = g

W mg   



F m2 m1
 m1

m2

( )F F12 21»

ma

F N== 24 2 kg
 ( / kg)g N== 10          3 s

   4 5/
F    

mg

a
F
m

F mg
m N kg= = - = - ´ = - = =å 24 2 10

2

24 20

2

4

2
2 /  

D Dy at v t y m= + = ´ ´ + Þ =1

2

1

2
2 3 0 9

2

0

2  

 -  (g / m / s )== 9 8
2                  

 9 8/   4 8/   1   1

9 8/
 -                    2 5/       

         
   10 5   2 5



 -     SI                    

 103

10
4

 -         20m s/                     
        

   
 -     F      1m s/          F         

              
  1 5/  

 -                    F N== 1500   100 kg    
(         g m s== 10

2/            F  20 s      
      

 -                              
 (g N / kg)== 10              

   

  
 fD

  
( )g

 

    



 

F W f f Wy D Då = - = Þ =0  

5m s/

 -              

 -                          

 -               

 -                

 -                     

   

 -                       

   



 -                              
                 

 -                     
   ...............      ...............        

 -(      b               

 f bv= -   f bv=   f b
v= -   f b

v=

 -           a m s== 12
2/                   

( / )g m s== 10
2            ¢¢a

¢ =a m s12
2/  10 12

2 2m s a m s/ /< ¢ <  8 10
2 2m s a m s/ /< ¢ <  ¢ =a m s8

2/
 -                      200 g       

 ( / )g N kg== 10             1 N  
  5 5   5 2  

 -                        �m s/    
 ( / s )g m== 10

2                          45m

   
 - f v== ´́ --

2 5 10
6 2/   SI                 � mm     

(  1000 3kg m/    pp �  g m s== 10
2/               

   16 10
2´ -   4 10

2´ -

 -      s�  s1                 
  s s

2 1
>    s s

1 2
=

   s s
1 2

>

 -                  
 A     v      f Av== 1

4

2        
      (           

 ( )pp �     
 3

3   

   3

 -   (          2 8
2/ /m s            

 (               g m s== 9 8
2/ /         

   
 -        8m s/                200 g   

 ( / )g m s== 10
2          

0 2/  0 4/  0 6/  1 5/



��     m kg� �==  m kg� �==    (   (       
   � N              25m   

�( / )g m s== 10
2            

 (  0 5/ (
 (  1 5/ (

��            25m s/    h      � kg       
           10 N                  � s  

�( / )g N kg== 10    ( )� s         
 (   (    (   (

��  (   ¢¢ == ++h h �             � s         h   800 g    
( / )g m s== 10

2                         � s   
 (   (   (   (

��          2125 cm           f       
                     �f          

�( / s )g m== 10
2    

 (   (   (   (
��                   a      M      

 (                            a  

(  g a
Ma
+ (   g a

Ma
-

2 (

Ma
g a-

(   2Ma
g a+

(

��       t�             v�            
         t�          

t t
2 1

< (   t t
2 1

> (
  t t

2 1
= (

��  t�                 v�             
       t�      

t t
1 2

> (   t t
1 2

= (
   t t

2 1
> (

��          m kg== �            
                   %50    
�( / )g m s== 10

2                     
 (    (
 (    (

��   50m               h       75 kg   
        200m           � �m s/          
       g N kg== 10 /                     

( ( )f vμμ    
 (  (  (  (



 -                   m m2 8==  m m� ==      

   f kvr== �            (      (        3
4

g

  (    v   r   k   

    1
2

  1
4

 -           � s               50 kg   
               1000 N      100 N         

 ( / s )g m== 10
2    DD == --t t t2 1            t�  t�

 4 8/   4 2/   3 6/   2 4/
 -           A   240 kg     

    10 2m s/            B  
                  ( BC 
 4000 N                   

    ( / )g N kg== 10           
    



��

��

��

��

��
��

F F F F F F i jå = Þ + = Þ = - Þ = - +0 0
1 2 2 1 2

��

( )a

v a

��( )1
m

��a F
m

a
a

m
m

m
m m

m
m

a a
a

a
a= Þ = =

-
= = Þ

-
= - Þ =2

1

1

2

1

1 1

1

1

2 1

1 1
0 20 0 8

5

4

5 4

4

1

4/ /
D ÞÞ ´ =Da

a
1

100 25%

��

F ma F
F

m
m

a
a

F
F

m
m

a
a

m
m Iå = Þ = Þ = ´ Þ = ´ =2

1

2

1

2

1

2

1

2

1

2

4
2 4 8( )( ) ( ) ( ) ( )

V d= 3 d

r r r
r
r

r
r

r
r

= Þ = = Þ = ¾ ®¾ = ´ Þ =m
V m V d m

m
d
d

d
d

I3 2

1

2

1

2

1

3 2

1

3 2

1

8
2

8( )( ) ( )( )
88 1

2

1

Þ =
r
r



��M
n2 n1 m

a a a aa cm s m s m s
2 1

90 90 10 0 9

2

2 2 2 2

2= + ¾ ®¾¾¾¾¾¾¾¾¾¾¾¾ == = ´ =-
D D( / / / / ) // / /1 0 9 3

2+ = m s

a
F
m

a
a

m
m

M n m
M n

F= ¾ ®¾¾¾¾¾¾ = =
+
+

å å( : )SMIY
(.SwH oÿÅ ¥I§õÅH)

2

1

1

2

1

2
mm nÞ = + ´

+ ´
3

2 1

12 5 5 7 5

12 5 7 5
2

/
/ /
/ /

Þ =
+

Þ + = ´ Þ = - = Þ =10

7

50

12 5 7 5
7 5 12 5 7 5 7 5 35 12 5 22 5 3

2
2 2 2/ / / / / / /n n n n

��m2 m1

F m a m F
a F m a m F

a= Þ = = Þ =
1 1 1

1
2 2 2

2

,

m m
1 2
+

F m m a F F
a

F
a a a a a

a a a m s= + Þ = + Þ =
+

= ´
+

Þ =( ) ( ) /
1 2 3

1 2
3 3

1 2

1 2
3

212 6

12 6
4

F F F
12 6 12 F

F m a m m kg F m a m m kg= Þ = ´ Þ = = Þ = ´ Þ =
1 1 1 1 2 2 2 2

12 12 1 12 6 2,

F m m a a a a m s= + Þ = + ´ Þ = Þ =( ) ( ) /
1 2 3 3 3 3

2
12 1 2 3 12 4

��F m m a= -( )
2 1 3

F F
a

F
a a a a a

a a a m s= - Þ =
-

= ´
-

= ´ Þ =( ) /
2 1

3 3
1 2

1 2
3

212 6

12 6

12 6

6
12

��A B B A ¢F F
F m a F m a F m a F m aA A A A A B B B B A= Þ = = Þ ¢ =, ( )3

F
F

m
m

a
a

F
F

m
m IA

B

A

A

A

B¢ = ´ Þ ¢ =3 3 ( )

B A F ¢F

F m a F m a F m a F m aA A A A B B B B= Þ ¢ = = Þ =,

¢ = ´ Þ ¢ = Þ ¢ =F
F

m
m

a
a

F
F

m
m

F
F

m
m IIA

B

A

B

B

A
( )

m
m

m
m m m m mA

B

B

A
A B A B

3
3 3

2 2= Þ = Þ = ( )II ( )I

��F n m
F nm a I= ( ) ( ) a

F n m a n m a F n ma= ¢ ¢ = - Þ = -( ) ( ) ( / ) / ( ) (II)1 1 1 1 1 1
F n m a n m= ¢¢ ¢¢ = + -( ) ( ) (a ) (III)1 1 1

2m s/



( ) / ( ) / ( ) / /nm a n ma n n n n= - Þ = - Þ = Þ =1 1 1 1 1 1 0 1 1 1 11 ( )II ( )I
( )III ( )I

( ) ( ) ( ) ( )( ) ( )( )nm a n m a na n a a a a a= + - Þ = + - Þ = + - Þ = -1 1 1 1 11 11 1 1 11 12 12 ÞÞ =a m s12
2/

F ( ) /= Þ = ´ Þ = =nm a m m kg g66 11 12 0 5 500 ( )I F a n

��m2 m1

F ( m ) ( )a /= + Þ = + Þ =m a a N kg
1 2

30 2 3 6

F m a N F m a N
1 1 2 2

2 6 12 3 6 18å å= = ´ = = = ´ =, m2 m1

m1 m2
 -F2 F1 m2 m1

F m a
F m a

F
F

m
m

F m
m F N1 1 1

2 2 2

2

1

2

1

2 1

1
2

15

2
30

=
=

ì
í
î

Þ = Þ = Þ =

F m m a m a m a F F N= + = + = + = + =( )
1 2 1 2 1 2

15 30 45

 -
m2 m kg

1
2= m kg

2
6=

m1

a a a a F
m

F
m

t t t
2 1 2 1

2

2

1

1

6
0 0

7 4

6

2 3

2
0 7 4³ Þ - ³ Þ - ³ Þ + - + ³ ¾ ®¾¾¾ + -´( ¸ÃÎoö)

33 2 3 0 7 4 6 9 0 5´ + ³ Þ + - - ³ Þ ³( )t t t t s

t s= 5

 -F F F F i j i j j i jå = + + = - + + + - = -
1 2 3

20 50 10 20 10 30 40( ) ( ) ( )

a
F
m

i j i j a a m s= = - = - Þ = + - = + = Þ =å 30 40

5
6 8 6 8 36 64 100 10

2 2| | ( ) / 22

 -
F b

F

b b F F F i j
1

2

1 2

2

6

3

2

6

3
4 2 4 3

KÃ{

KÃ{

=

=

ì

í
ï

î
ï

Þ = Þ = Þ = + = + +å ( ) ( i j i j+ = +6 5 10)

a
F
m

i j i j m s= = + = + Þ = + =å 5 10

5
2 1 2 5

2 2 2a /

 -F3 F2 F1

F ma F F F F It t
a

t
t= ¾ ®¾¾ = Þ + + ==0

1 2 3
0 0 ( )

¢ = ¢ Þ + =F ma F F mi IIt t 2 3
( ) i F3 F2 F1

¢¢= ¢¢ Þ + = - +F ma F F m i j IIIt t 1 3
2( ) ( ) - +2i j F2

¢¢¢= ¢¢¢ Þ + =F ma F F ma IVt t 1 2
( ) a F2 F1 F3

( ) ( ) ( ) ( )F F F F F F mi m i j ma
2 3 1 3 1 2

2+ + + + + = + - + + ( )IV ( )II ( )III

Þ + + = - + + ¾ ®¾ ´ = - + + Þ - +2 2 2 0
1 2 3
( ) m( ) ( )( )F F F i i j a m i j a iI j a a i j+ = Þ = -0

 -5
2m s/ F2 F1

F F F F i j i nj i n j Ft t t= + Þ = + + + = + + + Þ = +
1 2

2 3 3 2(m ) ( ) (m ) ( ) (m 33 2
2 2) ( )+ +n Ft

F ma m n m n It t= Þ + + + = ´ = Þ + + + =( ) ( ) ( ) ( ) ( )3 2 2 5 10 3 2 100
2 2 2 2



F3
¢ = ¢ = ´ = Þ ¢ = Þ + + =F ma m F F F Ft t t0 0 0 0

1 2 3

Þ + + + + - + = Þ + + + + - -( ) ( ) (n ( ) ) ( ) ( )mi j i nj i n j m n i n n j2 3 2 0 3 2 2 ==0

Þ + + = Þ + + = Þ + = -( ) ( )m n i m n m n II3 0 3 0 3

( ) ( )- + + = Þ + + + = Þ + - =n n n n n n n2 2 2 2 2
2 100 4 4 100 2 4 96 0 ( )I ( )II

Þ + - = Þ + - = Þ = - ¾ ®¾ = = ¾ ®¾ = -n n n n n m n mII II2
2 48 0 8 6 0 8 5 6 9( )( ) ( ) , ( )( ) ( )

 -F2å F1å F

F F F F

F F F F

F
F

a
a

F ma
m

1

2

2 2

2

1

2

1

2

2

å
å

å
å

= + =

= + =

ì
í
ï

îï
¾ ®¾¾¾ =å =( )

( : )SMIY ÞÞ = Þ =2

2 2
2

2
2

2F
F

a a m s/

 -F2 F1
F F F ma F F m F F F F mmax max= + Þ = + Þ ´ = + Þ + =

1 2 1 2 1 2 1 2
7 7

F F F ma F F m F F F F mmin min= - Þ = - Þ ´ = - Þ - =
1 2 1 2 1 2 1 2

1

F m F m
1 2

4 3= =,
m

F F F m m m m m F m ma m a m st t= + = + = + = Þ = Þ = Þ =
1

2

2

2 2 2 2 2 2 2
4 3 16 9 25 5 5 5( ) ( ) /

 -

Fn F3 F2 F1
� � �

�
� � �

�
� � � �

�
� �

F F F F F F F F F F Fn n n1 2 3 2 3 1 2 3
0+ + + + = Þ + + + = - Þ + + + = -| | | FF F F

1
1 1

1

| | | | |
� �

= -¾ ®¾¾¾ | | | |
� � �

�
�

F F F Fn1 2 3
= + + +

| | | | , | | | |
� � �

�
� � � �

�
�

F F F F F F F Fn n n2 1 3 1 2 1
= + + + = + + + -

F N
3

12= F N
2

6= F N
1

8=

| | | |F F F N
2 1 3

6= + =

6 N F3 F1 F2

a
F
m

F F
m a m s= =
+

= Þ =å | |
/ /1 3 26

4
1 5

 -F F F F F F
1 2 3 1 2 3

0+ + = Þ + = -

F2 F1

F F F F F F F FF F Få å= + + = + + ¾ ®¾¾¾¾ = ´+ = -
2 2 2 2

1 2 3 1 2 3
1 2 3( ) ( ) (( )- + = - + = -F F F F F

3 3 3 3 3
2

Þ = - = = Þ = = Þ =å å| | | | | | /F F F N a
F
m a m s

3 3

2
12

12

4
3

 -F F F F F F I
1 2 3 1 2 3

0+ + = Þ + = - ( )

F F F F
å = + +

1 2
3

2
F3

F F F F F F N a
F
må å å= - + = - Þ = = = Þ = = =

3
3 3 3

2 2 2

8

2
4

4

5
0 8| | / N / kg

F3 Få
| | | |F F= - -1



 -F ma N F FF Nå å= = ´ = ¾ ®¾¾¾ ==
5 1 5

2

1 10 1( )

F F
å = - 1

2
F1 Få F1

F F F F F F F F F F F F Få = + + Þ - = + + Þ + = - Þ +
1 2 3

1
1 2 3 2 3 1 2 3

2

3

2
| | == = ´ Þ + =3

2

3

2
10 15

1 2 3
| | | |F F F N

 -kg g m cm

v v a x a a2

0

2 2 2 2 2
2 40 100 2 1 10 1600 10000 2 10 84 10- = Þ - = ´ ´ Þ - = ´ Þ - ´- -D ( ) 22 2 4 2

2 10 42 10= ´ Þ = - ´- a a m s/

F ma Nå = = ´ ´ - ´ = --( ) ( )20 10 42 10 8400
3 4

Få

 -
v v ax v ax

v v ax v ax

v

v

2

0

2 0 2

2

0

2 0 2

2 2

2 2 4 2

0

0

- = ¾ ®¾¾ =

- = ¢ ¾ ®¾¾ = ¢

=

=

( )

( )( )

ìì
í
ï

îï
Þ = ¢ ¾ ®¾¾ ¢ =

¹

¹
4 2

2
4

2

2

0

0

v
v

ax
ax

x
x

v

a

( )

( )

 -
B A

v v a x a x

v v a x a x
A A A A

B B B B

2

0

2 2 2

2

0

2 2 2

2 0 20 2

2 0 10 2

- = Þ - =

- = Þ - =

ì
í
ï

î

D D

D Dïï
Þ = ¾ ®¾¾¾ =

¹20

10

2

2
4

2

2

0a x
a x

a
a IA

B

x A

B

D
D

D( ) ( )

F ma
F
F

m
m

a
a

A

B

A

B

A

B
å å

å
= Þ = = ´ =( )( ) ( ) /1

5
4 0 8

 -Dx at v t a a m s= + Þ = ´ ´ + Þ =1

2
25

1

2
5 0 2

2

0

2 2( ) /

F ma N It = = ´ =5 2 10 ( )
Ft F2 F1

F1 F2

sin37 6

10 10
6

1 1
1

= Þ = Þ =
F
F

F F N
t

 -v0

v v v
av

km h m s m s
v

av=
+

¾ ®¾¾¾¾¾¾¾¾¾¾¾
= = =

=
0

72
72

3 6
20

32
20

0

(v / / / / )
(v ) ==

+
Þ = Þ =

v v v v m s0 0
0 0

3

2
4 40 10 /

F ma m v
t

F kN
m s v må = =

- å = = ´
= = = ´ =

(v ) ( N)
(v / ) , (v /

0 10 10 10

10 3 3 10 30

3

0 0 ss
m

)
( )¾ ®¾¾¾¾¾¾¾¾¾¾¾ ´ = ´ -

10 10
30 10

5

3

Þ = ´ Þ = ´ =4 10 10 2 5 10 2500
3 3m m kg/

 -a F
m

i i= = =3

0 5
6/

(v )
0

2= i

x at v t x m= + + = ´ ´ + ´ - = + - =1

2

1

2
6 4 2 4 10 48 8 10 46

2

0 0

2

 -SI (v )= -2 3t v at v= + 0
t s= 5 v m s

0
3= - / a m / s= 2 2

x at v t x m
5

2

0 0

21

2

1

2
2 5 3 5 4 25 15 4 10 4 14= + + = ´ ´ + - ´ + = - + = + =( )

t s= 5
v v v vt= ¾ ®¾¾¾ = = ´ - == -

5

2 3

5
2 5 3 7

(v ) m / s

x t x ( ) m
8 5 8

7 8 5 14 7 3 14 21 14 35= + = ´ - + = ´ + = + Þ =v xD t s= 8



 -10 s B A

F m a a a m s x a t v t mA A A A A A A= Þ = ´ Þ = = + = ´ ´ + =6 1 6
1

2

1

2
6 10 0 300

2 2

0

2/ , D

vB DxB B
F m a a a m sB B B B B= Þ = ´ Þ =4 1 4

2/

Dx a t v t m v a t v m sB B B B B B= + = ´ ´ + = = + = ´ + =1

2

1

2
4 5 0 50 4 5 0 20

1

2

0 1

2

1 0
, /

250m A B ( )5 s FB DF 5 s B
D D¢ = - = - =x x mB B300 300 50 250

B
D ¢ = ¢ + Þ = ¢ ´ + ´ Þ ¢ =x a t v t a a m sB B B B B

1

2
250

1

2
5 20 5 12

2

2

2

2 2/ ( )t t t s
2 1

10 5 5= - = - =®¨

¢ =
+

Þ = + Þ + = Þ =a F F
m

F F F NB
B D D D D12

4

1
4 12 8

 -a F
m m N kg=

+
=

+
=

1 2

15

20 10
0 5/ /

v at v m s= + = ´ + =
0

0 5 2 0 1/ / 2 s
v m s=1 / m2

D Dx v t x mv v
2 2 2

2
1 4 4= ¾ ®¾¾¾ = ´ =

=( ) 4 m 4 s

a F
m m s

1
1

215

20

3

4
= = = / a1 F m1

D Dx a t v t x mv v
1 1

2

01 1

21

2

1

2

3

4
4 1 4 10

01= + ¾ ®¾¾¾ = ´ ´ + ´ =
=( ) 4 s m1

7 m ( )d2 ( )d1 1m m2 6 4 s m1
d d x x d m
2 1 1 2 2

1 10 4 7= + - = + - Þ =( ) ( )D D

 -K mv v v v m s= Þ = ´ ´ Þ = Þ =1

2
100

1

2
2 100 10

2 2 2 /

a F
m N kg v at v t t s= = = = + Þ = + Þ =10

2
5 10 5 0 2

0
/ ,

 -v at v at= + =0
K
K

v
v

at
at

t
t

K
K

t
t

t
t t t2

1

2

1

2 2

1

2 2

1

2 2 2 2
2

2
2 2= = = Þ = Þ = Þ =( ) ( ) ( ) ( )

Dt t t t t t= - = - = -
2 1

2 2 1( )
 -
 -
 -

 -F2 F1
F2 F1 F2 F1

 -( )F2
F2 F1 ( )F1

F2 F1



 -F2 F1

F F m a m a m v
t m v

t1 2 1 1 2 2 1
1

2
2= Þ = Þ =( ) ( )D

D
D
D

( ) , ( )v v v v v v
01 1 1 2 2 20 00= Þ = = Þ =D D

Þ = Þ ´ = Þ = Þ =m v m v v v m s v cm s
1 1 2 2 2 2 2

0 16 20 80 0 04 4/ / / / (m
1

160= g kg m kg= =0 16 80
2

/ , )

v2 F1 F2

 -B A

( | | )FBA ( | | )FAB

F F m a m a m v
t m v

tAB BA B B A A B
B

B
A

A

A
= - Þ = - Þ = -

D
D

D
D

m v m v m v m vB B A A B B B A A AD D= - Þ - = - -(v ) (v )0 0 D Dt tA B=

Þ - = - - Þ - = - Þ =50 40 0 5000 5 5 0 4 4 6( ) (v ) / / /A A Av v m s

v v
v
A A

A

-
´ = - ´ = -0

0

100
4 6 5

5
100 8

/
%

 -F W ma mg a g m s= Þ = Þ = = 9 8
2/ /

 -e j (jupiter)

W mg
W
W

g
g

g
g mm j

e

j

e

g m s j
j= ¾ ®¾¾¾ = ¾ ®¾¾¾¾ = Þ =( : ) ( / ) / /SMIY 10

2

2 5
10

25 ss2

v v a y v v v m s2

0

2 2 2 2
2 0 2 25 10 500 10 5- = D Þ - = ´ ´ Þ = Þ = /

 -

ôi  KÃ{ ôi  JA= = = = ¾ ®¾¾¾¾¾¾
=W

V
mg
V

Vg
V g kg m

g m

r r
r( / )

( /s )

10

10

3 3

2
KKÃ{ =104 2 2kg m s/ .

 -v v a y a a m s2

0

2 2 2 2
2 20 0 2 40 5- = Þ - = ´ Þ =D /

( / )g m s10
2

 -F

v : Þ = Þ - = Þ =åF F mg F mg0 0 mg

F

F ma F mg ma mg mg ma mg ma a gå = Þ + = Þ + = Þ = Þ =2 2
mg F



 - 
F F mg Nå = - = - ´ = - =1500 100 10 1500 1000 500  

a
F
m N kg= = =å 500

100
5 /  

v at v m s
1 0

5 20 0 100= + = ´ + = / v1 20 s

Dy v v t m=
+

= + ´ =( ) ( )1 0

2

100 0

2
20 1000

h F

 E E
1 2

= h

 K U K U mv mgh v gh h h m
1 1 2 2 1

2

1

2 21

2
0 0 2 100 2 10 500+ = + Þ + = + Þ = Þ = ´ ´ Þ =  

H y h H m= + = + Þ =D 1000 500 1500

 -( )v1
v v g y v v m s
1

2

0

2

1

2 2

1
2 0 2 10 5 10- = Þ - = ´ ´ Þ =D /  

v v a y a a m s
2

2

1

2 2 2 2 2
2 0 10 2 5 10 1000- = Þ - = ´ ´ Þ = --D ( ) /

mg F ma F mg ma F N- = Þ = - = ´ - ´ - = + Þ =¸{ ¸{ ¸{1 10 1 1000 10 1000 1010( ) a

 -

 -

 -

 -
 
F mg f a

F
m

mg f
mD

Då å= - = =
-,

( )F W fDå = -

f mgD = ( )f aD ­ Þ ¯

 -
s t-

 -



 -W mg= f

 f W ma f W ma mg mg ma mg ma a gf mg
W mg+ = Þ - = ¾ ®¾¾¾ - = Þ = Þ ==

=
( )
( )

2 2  
f

f

( )f mg= W f mg 2mg
 f

g a

 - «spread eagle v

 -

 -   

a
mg f
m

g
f
m

f
m

f
m

f mD D D D
D=

+
= + = Þ = + Þ = Þ =12 10 2 2  

¢ =
- ¢

= -
¢

= Þ ¢ < Þ ¢ <a
mg f
m

g
f
m

a g a m sD D
10

2/

¢ < Þ ¢ < Þ
¢

<f f f m f
m ID D D
D2 2 ( )

¢ = -
¢

¾ ®¾ ¢ > Þ < ¢ <a f
m a m s m s a m sD I

10 8 8 10
2 2 2( ) / / /  

 -

( )F

 F mg f N= + = ´ + =( ) ( / )2 2 2 2
0 2 10 1 5  a F

m m s= = =5

0 2
5 5

2

/ /  

 -5m s/

D = Þ = ´ Þ = = Þ = =y gt t t t s1

2
45

1

2
10

45

5
9 9 3

1

2

1

2

1

2

1
 

D = Þ = Þ = =y v t t t sÁke 2 2 2
45 5

45

5
9  

t s
2

9= t s
1

3=

 D = - = - =t t t s
2 1

9 3 6  

 - V R m= ´ ´ ´ = ´- -4

3

4

3
3 1 10 4 10

3 3 3 9 3p ( ) 1mm  

 m V kg= = ´ ´ = ´- -r 1000 4 10 4 10
9 6

 f mg v v v m s= Þ ´ = ´ ´ Þ = = Þ =- -
2 5 10 4 10 10

40

2 5
16 4

6 2 6 2/ / /  



 -( )m2 ( )m1

m V m m m g m g W W= ¾ ®¾¾¾¾¾ > Þ > Þ >
>

r
r r( )·HnIM ©o«U

1 1 2 1 22
f W=
W W f f1 2 1 2> Þ >
s s1 2>

 -

f mg Av mg v mg
A= Þ = Þ =1

4

42

A r= p 2 A
v
v

A
A

a
a

½o¨
K÷§¶

K÷§¶
½o¨

= = = =
2

2

1 1

3

3

3p p

 -
f m

a
F
m

mg f
m

f= = - = + ´ -
+

å ( ) /90 10 9 8

90 10

a m s f f f f N= Þ = - Þ - = Þ = - Þ =2 8 2 8
980

100
980 280 980 280 700

2/ / /

 -v v a x a a a m s2

0

2 2 2 2
2 8 0 2 4 64 8 8- = Þ - = ´ Þ = Þ =D /

F ma mg f ma f f f Nå = Þ - = Þ ´ - = ´ Þ - = Þ = - =0 2 10 0 2 8 2 1 6 2 1 6 0 4/ / / / /
 -

m g f m a a a m sm kg
f N1 1 1

1

2 1 1

21 1 10 2 1 8- = ¾ ®¾¾¾¾ ´ - = ´ Þ ==
=

( )
( ) /

m g f m a a a a m sm kg
f N2 2 2

2

2 2 2 2

22 2 10 2 2 18 2 9- = ¾ ®¾¾¾¾ ´ - = Þ = Þ ==
=

( )
( ) /

v a y vy h m
a m s1

1

1
2 1

2 2

1 1

25

8

2
0 2 2 8 25 16 25- = D ¾ ®¾¾¾¾¾ = ´ ´ = ´ ÞD = =

=

( )
( / )

vv m s
1

4 5 20= ´ = /

v a y v vy h m
a m s2

2

2
2

2 2

2 2

25

9
2

2

2
0 2 2 9 25 2 3- = D ¾ ®¾¾¾¾¾ = ´ ´ Þ = ´= =

=

( )
( / )
D ´́ = ´ =5 15 2 15 1 4 21/ /m s

D = - - =v v v m s
2 1

21 20 1 /
 -h

h gt v t m= + = ´ ´ + ´ =1

2

1

2
10 5 25 5 250

2

0

2

F ma mg f ma a a a m st = Þ - = Þ ´ - = Þ = Þ =5 10 10 5 5 40 8
2/

h at v t v v v v= + ¢ Þ = ´ ´ + ¢ ´ Þ = + ¢ Þ ¢ = Þ ¢ =1

2
250

1

2
8 5 5 250 100 5 5 150 3

2

0

2

0 0 0 0
00m s/

 -
y gt h my h

t s
h h= ¾ ®¾¾¾ ¢ = ´ ´ = ´ = ¾ ®¾¾¾= ¢

¢=
¢= +1

2

1

2
10 4 5 16 80

2

4

2 4( )
( )

( ) hh m h m+ = Þ = - =4 80 80 4 76

y at a a a m sy h
t s= ¾ ®¾¾ = ´ Þ = Þ ==
=

1

2
76

1

2
4 8 76 9 5

2

4

2 2( )
( ) / / h

W f ma mg f ma f f- = Þ - = Þ ´ - = ´ Þ = ´ - ´ = ´0 800 10 0 800 9 5 0 8 10 0 8 9 5 0 8/ / / / / / / (110 9 5 0 8 0 5 0 4- = ´ =/ ) / / / N
f
mg ´ =

´
´ = ´ = =100

0 4

0 8 10
100

0 4

0 8
10

10

2
5

/
/

/
/ %



 -
a g¹ n

y a n v y a y a In
n
v= - + ¾ ®¾¾ = ´ ´ - + Þ ==

=
1

2
2 1

1

2
2 3 1 0

5

2
0

3

0 3 3
0

( ) ( ) ( )( )
( ) xn yn

mg f ma a mg f
m

mg
m

f
m a g f

m II- = Þ = - = - Þ = - ( )

a g f
m

f
m III

1
1

10= - = - ( ) f f1 = a1 m ( )II

y cm m a f
m

I III
3 1

2125 21 25
5

2
21 25

5

2
10 21 25= = ¾ ®¾ = ¾ ®¾¾ ´ - =/ / ( ) /( ) ( )

Þ - = Þ = - =25
5

2
21 25

5

2
25 21 25 3 75( ) / ( ) / / ( )f

m
f
m m IV

m ( )II a1
f
m

a g f
m

f
m V

2
2

10
2= - = - ( ) f f2 2= a2

¢ = ¾ ®¾¾ ¢ = ´ -y a y f
m

V
3 2 3

5

2

5

2
10

2( ) ( ) ( )¢y3

D = - ¢ = ´ - - ´ - = ´ - - +y y y f
m

f
m

f
m

f
m3 3 3

5

2
10

5

2
10

2 5

2
10 10

2( ) ( ) ( )

Þ = ´ ¾ ®¾¾ D = =Dy f
m y m cmIV

3 3

5

2
3 75 375

( ) /

 -
F

m
Mg F Ma- =

F M m g M m a- - = -( ) ( )

Mg M m g Ma M m a- - = + -( ) ( ) Þ = - Þ + = Þ + = Þ =
+

mg Ma ma mg ma Ma m g a Ma m Ma
g a2 2 2 2( )

 -( )f

a
F
m

mg f
m g f

m= = - - = - -å

t v
a t v

g f
m

s
t ts=

-
¾ ®¾¾¾ =

+

=0 01

1

( )

t v
a t v

gs
a g
t ts

= - ¾ ®¾¾¾ == -
=

0 0

2
2

( )
( ) -g

g f
m g v

g f
m

v
g t t+ > Þ

+
< Þ <0 0

1 2
t2 t1

 -F maå =

- - = Þ = - +mg f ma a mg f
m1 1

( )

( )v
1

0=

h at v t h mg f
m t I= - + Þ = +1

2 21 1

2

1 1

2( ) ( )

(·²IM  ÁpIwï¦Lw  pH  uQ)¾ ®¾¾¾¾¾¾



F maå =

mg f ma a mg f
m- = Þ = -

2 2

v
1

0=

h at v t h mg f
m t II= + Þ = -1

2 22 2

2

1 2

2( ) ( )

( ) ( ) ( )mg f
m t mg f

m t t tmg f mg f+ = - ¾ ®¾¾¾¾¾ <+ > -
2 21 2

2 2

1 2
( )II ( )I

 -

mg f ma a mg f
m

f f f I- = Þ = - = ´ - = - = -2 10

2

20

2
10

2
( )

( )I ( )f f
1 2

<

a a a a a a II
1 2 2 2 1 2

0 50 1 5
3

2
= + = Þ =/ / ( ) ( )a a

1 2
>

10
2

3

2
10

2
40 2 60 3 3 2 60

1 2 4

1 2 2 1
- = ´ - ¾ ®¾¾¾¾ - = - Þ - =´f f f f f f( ) ( ýoö »j) -- =40 20N III( ) (II) (I)

f f mg N f f f f fIII
1 2 2 1 1 1

2

2 10

2
10 10 3 10 2 20 30 3+ = = ´ = Þ = - ¾ ®¾ ´ - - = Þ -( ) ( )

11 1 1 1
2 20 5 10 2- = Þ = Þ =f f f N

 -50m

F ma mg f ma f m g a Nt = Þ - = Þ = - = - =
1 1 1 1 1

75 10 2 600( ) ( )

200m 50m

v v g y v g v g
1

2

0

2

1 1

2

1

2
2 0 2 50 100- = D Þ - = ´ Þ =

v v g y v g v g
2

2

0

2

2 2

2

2

2
2 0 2 200 400- = D Þ - = ´ Þ =

v
v

g
g

v
v

1

2

2

2

1

2

100

400

1

4

1

2
= = Þ = (I)

200m
f
f

v
v

f
f f f NI1

2

1

2

1

2 2
2

1

2

600 1

2
1200= ¾ ®¾ = Þ = Þ =( )

200m

¢ = Þ - = Þ - = Þ = - Þ = -F ma mg f ma a a a m st 2 2 2 2 2 2

2
750 1200 75

450

75
6 /

 -t

3

4
g

( F m a m g f m g f m g
1 1 1 1 1 1 1 1

3

4

1

4
= Þ - = Þ =( )

( F m a m g f m g f m g
2 2 2 2 2 2 2 2

3

4

1

4
= Þ - = Þ =( )

f
f

m
m

m
m

f
f I1

2

1

2

1

2
8

1

8
= = Þ = ( )

m
m

m
m

V
V

V
V

r
r

m V2

1

2

1

2

1

2

1

2

1

38
8 8 82 1= = ¾ ®¾¾¾ ´ = ¾ ®¾¾¾ = Þ= =( ) ( ) ( )r r rr

r
== Þ = Þ =8 2

1

2

2

1

1

2

r
r

r
r II( )

f
f

v
v

r
r

v
v

v
v

vI
II

1

2

1

2

1

2

2 1

2

2 1

2

1

8

1

2

1

4

1

8
= ¾ ®¾¾ = Þ ´ = Þ( )( ) ( )( ) ( )( )

( )
11

2

1

2v = 3

4
g



 -( )W ( )f1

W f ma mg f ma a a a m s- = Þ - = Þ ´ - = Þ = Þ =
1 1 1 1 1 1 1

2
50 10 100 50 50 400 8 /

( )W ( )f2

W f ma mg f ma a a a m s- = Þ - = Þ ´ - = Þ = - Þ = -
2 2 2 2 2 2 2

2
50 10 1000 50 50 500 10 /

8
2m s/ 4 s

t s= 4 -10 2m s/
v v a t v v m st smax max /= = + = ´ + Þ ==( )4 1 0

8 4 0 32

v at v t t s
v m s

1 1 0
2

32

2
16

1 1

1

16 8 0 2= + ¾ ®¾¾¾¾¾¾¾ = + Þ =
= = =(v / )max

t1
t2

vmax

v a t v
v v m s
v m s2 2 0
2

16

32
4

2 1

0

= - + ¢ ¾ ®¾¾¾¾¾¾¾
= = =

¢ = =( )
(v / )
(v / )

max

max
¾¾ = - - + Þ - = Þ - = Þ =16 10 4 32 10 4 16 4 1 6 5 6

2 2 2 2
( ) ( ) / /t t t t s

D = - = - =t t t s
2 1

5 6 2 3 6/ /
 -B

F2 F1

F F I
1

2

2

2
4000+ = ( ) 4000N

( )f
BC

F mg N
1

240 10 2400= = ´ =

( ) ( ) ( )2400 4000 4000 2400 3200
2

2

2

2

2 2+ = Þ = - =F F N F2 ( )I

F ma F f ma f f Nx x x= Þ - = Þ - = ´ Þ = - =
2

3200 240 10 3200 2400 800




