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2: A particle moves so that its position vector     is given as a function  Example
in time in terms of the fundamental unit vectors             with the relation:  

 

Find (1) displacement vector   (2) displacement till time = 4 sec.   

 ( 3) (3 2)r t ti j   
  ,i j

  r

 

 

 

 

  

For any orthogonal coordinate system the position vector OA is: 
The vector which its initial point is origin O and its end is A 

 

Is the shortest distance between two points 
 

 it is the real distance between two points 

 
 

:In the opp. Fig   Example 1   

A body moves from A to B then change its direction to C  

Find the distance and the displacement during its motion  
 

 

 

Solution:     Distance = AB + BC = 5 + 12 = 17 m 

                  Displacement =       
          

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rectilinear motion 
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3 Example 

 

 

Solution:      
 

 

 

 

 

 

 

 

 

 

It is the vector which its magnitude equals the value of velocity and its 

direction is the same as motion direction 

 

Units of measuring velocity    km/hr ,     m/sec        ,   cm/sec 
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4 Example 

5  Example                      A cyclist cut 20 km. on a st. road with a velocity

 18 km./h. he returned and cut 12 km. in the opposite direction at 12

km./h. Find his average velocity direction during the whole trip.

1

1

2

2

20
1.11

18

12
1

12

1.11 1 2.11

ˆ ˆ ˆ20 -12 8

ˆ8

2.11
a

S

V

hours

S

V

hour

Time taken from A to B

Time taken from B to C

Total Time hours

Total displacement S e e e

Total displacement e
V

Total Time

 

 
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3.8 ˆ

ˆ 3.8 . /

tan

8 . tan 32 .

a

e

V vector has the same direction of e and its norm is about km h

It is impor t to know that the norm of the total displacement

is km but the whole dis ce is km

   

  

            
            
           

V1 = 18 km./h

V2 = 12 km./h

A B

BC

e

20 km

12  km
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6  Example                            A train covered the distance between Cairo 

and Alex. in two stages

First stage : From cairo to Tanta. the covered distance was 100 km.

 and the velocity was 100 km./h.

Second stage : from Tanta to Alex. the covered distance was 110 km.

 and the velocity was 80 km./h.

the stopping of the train in Tanta was 10 minits.

Find the average velovity of the train during its whole trip.

conceder that the train was moving the whole distance in St.line

1

1

2

1 2

2

100
( 1

100

110 11
(

80 8

1
10min

6

11

8

)

)

1
1 2.54

6

ˆ ˆ ˆ100 -110 210

ˆ210

2.54
a

S
h

V

S
h

V

h

T Cairo to Tanta

T Tanta to Alex

Total Time hours

Total displacement S e e e

Total displacement e
V

Total Time
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82.6 ˆ

-

-

ab a b

ba b a

e

V V V

V V V









 (velocity of a w.r.t b ) " b watching a" 

 (velocity of b w.r.t a ) " a watching b" 

  

                           The relative Velocity

Cairo Tanta Alex.
V1 = 100 km/h
S1 = 100 km S2 = 110 km

V2 = 80 km/h

t =10 min

                          

1) You must determine unite vector ( ) has positive direction with ( a or b) 

2) The different cases of motion of two bodies ( a and b )

1) 

Important remarks to solve problems

n

in the same direction : 

2) in opposite direction :  

3) If    

( )

( )

 Then 2 2

ab a b

ab a b

b ab a b

V

V

Va V

V V n

V V n

V V V

 

 
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1) You must determine unite vector ( ) has positive direction with ( a or b) 

2) The different cases of motion of two bodies ( a and b )

1) 

Important remarks to solve problems

n

(Rocket, torpedo and shoot ....)

(1) The velocity of extr

in the same direction : 

2) in opposite direction :  

3) If    

( )

( )

 Then 2 2

  Ballistic motion   ات قذوف م ة ال حزك

ab a b

ab a b

b ab a b

V

V

Va V

V V n

V V n

V V V

 

 

 

uded (C) " p ser htiw " قذوف م شئ ال ect to (B)سزعة ال

   

(2) If A and B in opposite direction : thn velocity of C (w.r.t ) B is

        

(3) S =   t  

(4) Don't forget

( - )

( )

a ccb b

a ccb b

V
cb

V V V B n

V V V B n



 

 

     

 the directions of A, B, C (w.r.t ) direction unit vector 

Traines motion   قطارات ة ال حزك

(1) in the same direction : 

(2) To find time to " cross the bridge,  cross one of them the o

n

( )
ab a b

V V V n 

1 2
1 2

ther, ........ )

                       where S  , S  are the lengths of two trains

(1) in opposite direction : 

(2) To find time to " cross the bridge,  cross one of them th

  

 - 
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a b

ab a b

t

V

S S

V V
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
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                       where S  , S  are the lengths of two trains          
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120 100

100 120 220

ˆ

ˆ ˆ

ˆ ˆ ˆ-

a b

ba b a

V V

V V V

  

    

in the same direction of ALet e is the unit vector, " "

(1) B moves in an opposite direction of A

 e      ,          e 

 e -  e  e  

so that the car (A) will feel that 

car (B) is moving towards him at

 velocity 220 km./h

7  Example                         A car "A" moves on a sraight with velocity 120 

km./h.meets another car "B" moving with velocity 100 km./h. 

Find the velocity of "B" relative to "A" in case of

(1) B moves in an opposite direction of A

(2) B moves in the same direction as A 

A
B

e
Va = 120 km./h Vb = 100 km./h

A B

e
Va = 120 km./h Vb = 100 km./h

120 100

100 120 20

ˆ ˆ

ˆ ˆ ˆ-

a b

ba b a

V V

V V V

 

   

(2) B moves in the same direction as A
 e      ,          e 

 e -  e  e  
so that the car (A) will feel that 

car (B) is moving towards him at

 velocity 20 km./h

A
B

eVa = 30 km./h

8 Example                 A controlling speed car (Radar) moves on the desert

road (Cairo - Alex.) at 30 km./h. it watched a truck coming 

from the other opp. road which second moving at 110 km./h. 

Find the real velosity of the truck

30 . / 110 . /

0 0 0

80 . /

ˆ ˆ ˆ11 3

ba b a

b ab a

b

b

km h km h

V km h

V V

V V V

V V V

V

 







 



a ba

 in the case of opp. directions

      ,     

 ( ) 

-           

=  

  

  e -  e 8  e   
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50 km

A

Be Port

Vb = 250 km./h

A B
e

9 Example                       A steamer was moving in st. way towards a port. at

50 km.from it, and aerolane passed over it in the opposite direction

and at 250 km. It observed the steamer which seemed to the 

a

250 275ˆ ˆ

ab a b

V V

V V V

 

 

b ab

 in the case

      ,     

 (

eroplane as it is moving with 275 km./h, Find the time deposite

 from the moment the aeroplane observed the steamer till reach 

the port.

 e  e

25 . /

50
50 . 2

25

ˆ ˆ ˆ275 - 250 25

a ab b

a

b
V km h

S
S km T hours

V

V V V

V e e e







    



 of opp. directions) 

-      

 

 

         

10 Example                     A car (A) moving on st. way measured the relative

 velocity of another car (B) coming from the opposite direction, 

it was 140 km./h when the car (A) reduced its velocity to its half

140

120

ˆ

ˆ

V

V

 

 

ba

ba

 in t

       (in case 1)     

      (in case 2) 

(in case 1) (

and remeasured the relative velocity of car (B) it found it 120 

km./h., Find the actual velocity of the two cars.

  
 e

 e

140 (1)

1
120 240 (2)

2
2

ba b a b a

ba b a

b a b a

V V V V V

V V V

V V V V

   



    

  

 

       2 

he case of opp. directions

 in the case of opp. directions

) 

     

(in case 2) ( ) 

     

From (1) & (2) by s

100 . / , 40 . /
b a

V km h V km h 

ubtracting we get
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Torpedo

streamer war ship
- 80 km./h

e

100 km./h

11 Example                          Two aeroplanes fly at the same speed in a st. line

while one of them is following the other with distance 500 m., at

certain moment the one dehind launched a rocket at the leading

one. this rocket reached the first one after 2 sec. of its launching.

 what is the velocity of the rocket.?

 the two aeroplanes having the same speed and fly at st. line

 then they are seemingly stoped
500

250 / sec .
2

S
m

t
   

, So we only will find the speed

 of a rocket V=

12 Example                        A war ship and a steamer are moving in a st. line

at the same velocity, every one of them was moving towards the

other. the war ship watching the motion of the steamer it seemed

to it that it is moving at 80 km./h. when the distance between them

 became 6 km. the war ship launched a torbedo on the steamer if

 the engin of the torpedo can puch it 100 km./h. What is the time

 taken from the moment of the lounching and the moment the

 torpedo reaches the steamer

&

6
,

????

(
b bV V

ca c a c b a

S

V

V V V V V V V



      by add 

 So we need to find the velocity, But

 which velovity?....  velocity of the torpedo w.r.t. steamer

So, = )- ( -

To find the time we use t=

(

- 80 (2)

100

( 100 (3)

( (100

ˆ

ˆ

ˆ

b

c b a b

ab a b

cb

cb c b

ca c b a b

V V V V

V V V

V

V V V

V V V V V





 



   

  

from given

)  (1)  

Now we need to find ) & ( - ) 

= ( - )  

)

From (1),(2) and (3)

)- ( - )

 e

 e  ( )

 e

- (- 80

6 1
20min

180 3

ˆ ˆ)) 180

S
hr

V

e e

then   





   

t=

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Solution 
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13 Example                         A train moves with velocity 84 km./h. catches 

another one of length 120 m. and moves with velocity 60km./h.

 parallel to the first one. it completely leaves the second after 45

 

84 60ˆa bV V   

sec. Find the length of the first train, then find the time it takes

to across a bridge of length 520 m. knowing that the second train

moves in the same direction as the first

 e     ,  

84 60 24

5 20
sec

18 3

20

3

120 300 180 .

ˆ

ˆ ˆ ˆ

( 120) . 24 . / 45 sec

, 24 . / . 24

( 120) 24

ab a b

S V T

S S m

V V V

S m km h

So km h

S

  



  

   



 

  

 =

 

   

    

e

 e -  e   e 

 the first train cuts  with velocity  . in  

   

To the first train 

5 70
/ sec

18 3

7000
30 sec

70

3

180 520 700 .

84 . / 48 m

S
T

V

m

km h 

   

 

   

 

passes the bridge, it must cover a

 distance       

with velocity   

 

 Example 4: A train of length 150 metres, moves with velocity 72

 km./h. another train of length 100 meters is moving parallel to

 the first one. the first one catch the second. Find the time, that

 the first train completely passes the second, if the second train.

(1) stoped

(2) Moves with velocity 45 km./h in the same direction of first train

(3) Moves with velocity 45 km./h in opposite direction of first train
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72 0

72 0 72

20 / sec

ˆ

ˆ ˆ

a b

ab a b

m

T

V V

V V V

 

  







(1)  

 =

5  
18

 e     , 

 e -   e 
To the first train completely passes the second, it must

 cover a distance 150 + 100 = 250 m. 

with velocity 72 km./h =72

250
12.5 sec

20

72 45

72 72 27

ˆ ˆ

ˆ ˆ ˆ

a b

ab a b

S

V

V V

V V V

  

 

  

 

(2)  

 =

 e     ,  e

 e -  e   e 
To the first train completely passes the second, it must 

cover a distance 150 + 100 = 250 m. 

with velocity 72 km 7.5 / sec

250 1
33 sec

7.5 3

72 45

72 72 7

ˆ ˆ

ˆ ˆ ˆ

a b

ab a b

m

S
T

V

V V

V V V



   

  

  


5  
18

 

(3)  

 =

./h =27

 e     ,  e

 e -(-  e)  11  e 
To the first train completely passes the second, it must

 cover a distance 150 + 100
65

/ sec
2

250 100
sec

65 13
2

m

S
T

V



   


5  
18

 

 = 250 m. 

with velocity 72 km./h =117
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Example 15:  A train moves with velocity 84 km./h. catches

 another one of length 120 m. and moves with velocity 60

km./h. parallel to the first one. it completely leaves the 

second after 45 sec. Find the length of the first train, then

find the time it takes to across a bridge of length 520 m. 

knowing that the second train moves in the same 

direction as the first

 

84 60

84 60 24

5 20
sec

18 3

20

3

120 300

ˆ ˆ

ˆ ˆ ˆ

( 120) . 24 ./ 45 sec

, 24 ./ . 24

( 120) 24

a b

ab a b

S V T

S

V V

V V V

S m km h

So km h

S

 

  



  

  



 

  

  

 =

 

   

   

 e     ,  e

 e -  e   e 
 the first train cuts  with velocity  . in  

   

180 .

5 70
/ sec

18 3

7000
30 sec

70

3

180 520 700 .

84 ./ 48

S m

m

S
T

V

m

km h





   

 

 

 

 

 

To the first train passes the bridge, it must cover a

 distance       

with velocity   
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Homework 
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2 1

2 1

    ,        
-

  
-

V V
a

t t
dva
dt



1 2

2

2 2

1] 

2] S

3] 2

V V at

Vt at

V V aS

 

 

 

 

 

 

 

Acceleration    is the rate of change with 
respect to the time and denoted by (a) 
       

 

 

 

Types of motion 

 
1)  Uniform motion: The velocity is constant 
(a = 0) 
2) Variable motion: velocity changes with 
time acceleration is exist and not constant 
3) Uniform variable motion:  velocity 
changes regularly (acceleration is constant) 
  

Equations of the uniform Variable motion in straight line  

 
 
 

  

 

 

 

  

 

 

Relation between velocity and time 

Relation between distance and time 

Relation between velocity and distance 
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                                            Important remarks to solve problems

  1) Acceleration is positive when the velocity increasing

       and negative if velocity is decreasing 

  2) If the driver (car) uses the break then acceleration is negative 

  3) If the velocity is uniform then a = 0                

  4) If the velocity is constant then a = 0

  5) If the body move with maximum velocity then a = 0  

  6) If the body start its motion from rest then V = 0

  7) If the acceleration is in the same direction of motion then (a) is positive

  8) If the acceleration is in opposite direction of motion then (a) is negative 

9) Average velocity of a partical during time interval = its velocity at the middel

  of this time interval for example if a body covered a distance 6 m during fifth 

    second

Seventh, eighth and ninth

6
4.5

1

8
5

2

18
and if covered a distance 18 m during Then: 7.5

3

 Then:  

and if covered a distance 8 m during fifth and sixth seconds Then:

  seconds       

      

(10) Th

 V a

V a

V a

 

 

 

e motion is accelerated ( velovity increasing)

     if the acceleration and velocity have the same direction ( 0)

(11) The motion is decelerated (velocity decreasing)

   if the acceleration and velocit

av 

2 1

2 1

2 1

It is the change of the velocity vector in the unit of time.

-
     

-

 (  ,  ) are two successive m

y in opposite direction ( 0)

    

Definition of the acceleration vector A  

V V
a

t t

t t

av





2 1

2

2

oments

 (  , ) the velocity vector of the partical at   respectively

1000 
  ( 1 . / ) / sec

Units of measuring acceleration  

      ( / sec) / sec    .     / sec

  ( / sec) / sec     .      / sec

V V

km h

cm i e cm

or m i e m

 2

2

" sec sec"

" sec sec"

5
/ sec

3600 18

1000 100 250
  ( 1 . / ) / sec / sec

3600 9

m
m

cm
km h cm








 
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1

                         

 

Study Carefully these questions                           

 A prtical started its motion in a constant direction with initial 

velocitys 10 cm./sec and with uniform accelerati

210 /sec , 4 / sec ,cm cm 

2  

  

on 4 cm./sec in

 the same direction of the initial velocity. Find :

 (1) its velocity at the end of one minute

 (2) the displacement coveredduring this minute

 V          a          

2

2

60sec

(1) 10 4 60 250 ./ sec

1 1
(2) 10 60 4 60 600 7200 7800 .

2 2

t

V at cm

S t at cm



     

         

  The velocity of a car uniformly decreased from 66 km./h., to

12 km./h., after it covered 585 m. Find the time take

   
V

V

2

2 2 2 2

5 55 5 10
66 / sec, 12 / sec , 585 sec

18 3 18 3
10

2 ( ) (55) 2 585
3

m V m S

V aS a

a

      

      



n by the car

 to cover the displacement and the distance which will be covered

 after wards to come to rest.

V           

V     

2

2 2 2

3

5
./ sec

18
10 55 5

3 3 18
54 sec

10 5
2 0 ( ) 2

3 18
20

m

V at t

t

V U AS A S

S m




     

 

       

 

   A partical starts its motion in a constant direction at 10 cm/sec

 and uniform acceleration of 4 cm/sec

 

V     

 

     

    

2

th th

 in the same direction of its

 velocity. Calculate :

(1) the distance covered by the partical in the fifth second only

(2) the distance covered by the partical in the 8  and 9  second

 together
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2

2
5

2
4

5 4

2
7

9

10 /sec , 4 / sec

1
:

2
1

10 5 4 5 100
2
1

10 5 4 4 172
2

- 100-72 28

1
:

2
1

10 7 4 7 168
2
1

10 9
2

a

a

cm cm

First S t t

S cm

S cm

S in the fifth only S S cm

second S t t

S cm

S

 

 

     

     

  

 

     

   

V

V

V

            a       

  

 

 

    second   

  

 

2

79

4

4 9 252

8 9 - 252-168 84

cm

th thS the and S S cm

 

  

th th

body moves with uniform acceleration in a straight line. if it covered

 26 m. during the 4  second of its motion, 56 m., during the 9

  A 

 

 in     seconds  

1 1

2 2

2 1

2 1

26
26

1

56
56

1

56 26 3

8.5 3.5

/ sec 3.5 sec

/ sec 8.5 sec

S
V

t
Solution

V m t

V m t

V V
a

t t







 
  

 

  

  

 second.

 Calculate the acceleration by which it moves and its initial velocity

                 

                 

2

1

5

0
6

5

5

/ sec

26 6 3.5

/ sec

V at

m

m



 



    

particle moved in a constant direction, it covered 18 m. during the first

 three seconds of its motion. 12 m. during the fifth second , 20 m. in th

 

V V

V  

  A 

       

2

2

3 sec 18 .

1

2

1 9
18 3 3 18 3

2 2

during the first onds m

t

A a



        

the 9  sec.

 prove that the particle was moving with uniform acceleration. calculate

 its velocity at the begining of motion

      

S = Vt + 

V      V (1)

1 2 3 4 5 6 7 8 9 10

V4
V5 V7 V9

0
2 3 4 5 76 8 91

V1 V2
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5 4

2
5 5

2
54

4

sec 12 .

1 25
5 5 5

2 2

1 16
4 4 4

2 2

25 16 9
12 . 5 4 12 12 (2)

2 2 2

(1) & (2)

during the fifth ond S S m

S a S a

S a S a

S m a a a

from we get

   
   
   

  

       

       

         



5

     

V      V

V      V

 S   V V        V

         V   

  

  

2

9 8

2
9 9

2
8 8

9 8

3 ./ sec , 2 . / sec

9 sec 20 .

1
9 9 9 32

2

1 64
8 8 8

2 2

81 81
20 . 9 9 20

2 2

17
20

2

th

m m

during the ond S S m

S a S a

S a S a

S S m U A U A
   
   
   



  

       

       

      

  

      a   

     

V      V

V      V

             

V a      

   

  

2

6

17
20 3 2 ./ sec

2
a m    



, B , C and D are four points on the same straight line such that 

 AB = BC = 2640 cm., a body is moving from poi

  a       

 the particle is moving with uniform acceleration. 

   A 
nt A with uniform 

 acceleration, it covered the distance AB in 40 sec., BC in 60 sec., 

In how many seconds it coveres the distance CD , what is the length of

 CD if the body came to rest at D ?  

 VS= t
2

2

2

1
2640 40 (40) 40 800

2

66 20 (1)

1
5280 100 (100) 100 5000

2

52.8 50 (2)

(1) & (2) 74.8 ./ sec , 0.44 ./ sec

74.8 ( 0.44) 100 30.8 ./ sec

0 30

a a

a

a a

a

from we get m m

V at cm

    

   

    

  

  

      



2

V V

V

V V

V

          V        a  

V  

+at

2

.8 0.44 70sec.

1
30.8 70 0.44 (70) 1078 sec.

2

CD CD

CD CD

t t

S S

   

      

      

        

A B C D

2640 cm 2640 cm

t = 40 sec t = 60 sec
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7

.2 st

train moves between two stations of 700 m., apart with acceleration

of 1.5 m/esc  it started its motion from rest at the 1  station for 10 sec. then

 with uniform velocity for sometimes, then it 

  A 

2

3
0 10 15 /sec

2
1 1 3

0
2 2 2

V at m

S t at

     

    

covred the last 60 m. with 

uniform retardation until it came to rest at the next station. Find the time

 taken to cover the distance between the two stations.

V  

V

\ \

2 2 \ 2 \

\ 2

100 75

700 (60 75) 565

15 0 15 (1)

2 (15) 60 0

1.875 /sec (2)

565 2 2 167
8 sec , 37 sec 10 8 37 sec

15 3 3 3

B D

B D

BD CD

m

CD m

but V at a t a t

but V a S a

a m

t t t

 

   

         

     

   

       

  V     

  V

        from (1) & (2) 

            

8

.

2

train started its motion from a station A with uniform acceleration

 15 cm./sec . it reached its maximum velovity after 2 minutes and moved

2
 with this velocity for 11 minutes, afterwards the br

15

  A 

 

, 0 , 15Aabout AC cm 

2

akes are used and it

 continued its motoin with a uniform retardation 150 cm/sec  until it came

 to rest at B. Find the distance AB and its average velocity to cut it 

     V     a  2

2

2

/ sec , 2min 120sec

0 120 15 1800 / sec

2
, 1800 , 15 / sec , 2min 11 60 668sec

15

, 1800 / sec 0 , 150 / sec

1800 150

C

C

t

V at cm

about CB a cm t

about DB cm V cm

V at t t

 

     

     

   

    

      

V  

    V    

    V    ,       a   

V    

2 2

2 2

12sec

1 1
0 15 (120) 108000

2 2

1800 668 1202400

1 1
1800 12 150 (12) 10800

2 2
108000 1202400 10800 1321200

1321200

(12

AC

CD

DB

AB

S t At cm

S Vt cm

S t at cm

S cm



      

   

       

   



V  

 

V  

 

total distanceaverage velocity=
total time

1651.5 / sec
0 668 12)

cm
 

 

A C D B

A = 1.5 m./sec.

t = 10 sec
U = 0

V = 0

S = 60 m

A C B D

A = 15 cm/sec2 A = 15 cm/sec2 A = -150 cm/sec2
U = 0

V = 0

t1 = 120 sec t2 = 668 sec t3 = 12 sec
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 9
2car started its motion from rest with uniform acceleration 180 km/h

 for every miniute. after 24 seconds the acceleration is stoped and the 

velocity decreased uniformly by means of friction and a

  A 

25
, 0 , / sec , 24sec

6A
about AC m t

S t

  



ir resistance at

 a rate of 450 m/h/sec and after 32 seconds the brakes are used to stop it

 in 8 seconds. find the distance covered by the car.

    V     a        

V 2 2

2

2 2

1 1 5
0 (24) 240

2 2 6
5

0 24 20 / sec
6

1
, 20 , / sec , 32sec

8
1 1 1

20 32 (32) 576
2 2 8

1
20 32 16 / sec

8

, 16 , 0 ,

C

D B

at m

V at m

about CD m t

S t At m

V U At m

about DB

     

     


  

       

     

 

 

V  

    V     a        

V  

 

    V    V     
2

2 2

10

8sec

0 16 8 2 / sec

1 1
16 8 2 (8) 64

2 2
240 576 64 880

B D

AB

t

V at A m

S t at m

S m



       

       

   

car moving with uniform velovity 72 km/h passed by a police car at

 rest, the police car started 

  A 

 

V           a

V  

 

motion following it after 10 seconds with uniform

 acceleration a distance 100 m. until the velocity be came 90 km/h, then it

 moved with this velocity until it overtook the first car, find the time tak

2 2

2

90 1000 72 1000
25 / sec , 20 / sec

60 60 60 60
,

2

(25)

carP
V m V m

about the police car

V aS

 
   

 

 



en

 during this procassfrom the bigining of motion of the police car and the

 distance covered by this car

       

      

V
2 20 2 100 3.125 / sec

25 0 3.125 8sec

,

10 sec 2010 200

a a m

V at t t

about the car

S after V T m

   

       

   

         

V                  
    

      

A C
B D

U = 0
V = 0t1 = 24 sec t2 = 32 sec t3 = 8 sec

180 1000 5

60 60 60 6
A


 

 

450 5

60 60 6
A


 


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100 25( -8) 200 20

100 25 -200 200 20

5 300 60 sec. 1 min

cov tan 200 20 60 1400 .

t t

t t

t t

The total ered dis ce m

   

  

  

   

 at the point of meeting, the two covered distance are bequal
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First :                                                                Second  : 

If the body is falling                             If the body is projected

or

              Vertical motion under gravity

(

 

 projected downwards                       vertically upwards

                                                             g is negative ,  V  is positive                     

Laws of vertical motion
 

2 2 2 2

1) (1)

1 12 2(2) (2)
2 2

(3) 2 (3) 2

V g t V g t

S t g t S t g t

V g S V g

  

  

  

                            

    -

    V                                      V  -  

    V         V   -  

   V                               V    
2 29.8 /sec 980 /secg m cm

S

   

2

2

g

g


         

V
 

V

(1) The time of maximum height =   

(2) To Find the maximum height 

(3) Time taken to reach the max

Important remarks to solve problems

If a body is projected vertically upwards, then :

. height = time of 

moving downwards to reach the same point of project

(4) The velocity of projection from the point of projection

upwards = the velocity with which the body reaches the

point of projecti on but in opposite direction (sign )

(5) The displacement (S) is positive above the point of 

projection and negative under the point of projection

and equal zero at the point of projection 

A
point of falling

g +

S +
V +

 surface of earth point of projection

 g -

U +
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 1

U 

stone is projected in a well with velocity 2 m/sec, it reached its bottom

after 3 sec, find the velocity of the stone which it strikes the base of the well

 and find the depth of the well.

 A 

        

2 2

2

2 / sec , 3 sec

(1) 2 9.8 3 31.4 ./ sec

1 1
2 3 9.8 3 50.10 .

2 2

m t

V U gt cm

S Ut gt cm



     

       

 A particle is projected vertically upwards with velocity 28 m/ sec

 Find the time elaps

             
  

   (depth of the well)

2 2 2 2

22

20
0 28 9.8 sec

7
5

2 0 (28) 2 9.8
18

40

28 20
sec

79.8

(28)
40

2 2 9.8

V U gt t t

V U gS S

S m

U
another solution t

g

U
S

g

      

       

 

   

  


ed to reach the maximum height and the 

 distance attained

            

     

   

      

3

.m

body is projected vertically with a velocity of 14.7 m/sec. From a 

point on the ground. calculate the velocity of the body when it becomes at

 a height 9.8 m. from the ground. Explain the meanin

  A 

2 2 22 (14.7) 2 9.8 9.8 24.01

4.9 / sec

V U gS

V m

      

 

g of the two answers.

   by 

V=4.9 m/sec when the body is moving upwards

V= -4.9 m/sec when the body is moving downwards
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2 2

2

4

1 1
32.4 24 9.8

2 2

4.9 24

S Ut gt t t

t

     



 A particle is projected vertically upwards with velocity 24 m/ se

Find the time taken until the body reaches a point 32.4 m below

 the point of projection

        

5

32.4 0

( 6)(4.9 5.4) 0

54
6sec ( )

49

0 4 9.8 39.2 / sec

1

2

t

t t

t or t refused

V U gt V m

S Ut

 

  


 

      

 

  A body fell vertically downward. find its velocity after 4 sec. 

 and the time elapsed to cover 68.6 m.

        

    
2 2

2

6

1
68.6 0 9.8

2

14 3.74sec.

gt t

t

    

  

  A stone is projected in a well with velocity 4 m/sec. If reached 

 its bottom after 2 sec. find the depth of the well and the stone 

 velocity when it stri

        

2 2

7

2 4 9.8 2 24.01

24.6 / sec

1 1
4 2 9.8 2 27.6

2 2

V U gt

V m

S Ut gt m

     



       

kes its bottom

  A particle is projected vertically upward with velocity 19.6 

 m/sec. Find the time taken to reach the maximum hei

   by 
 

 

22

19.6
2sec.

9.8

(19.6)
max. 19.6

2 2 9.8

U
t

g

U
height m

g

  

  


ght and 

  this maximum height

 

U=24 m/sec

S = - 32.4 m
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 8

0 24.5 9.8

2.5

V U gt t

t

    





 A particle is projected vertically upwards with velocity 24.5m/

sec., after how many second it comes back the point of projection

        
       
 the total time = 2 2.5 = 5 sec

9

1

2
S Ut 

   A particle moves vertically with velocity 19.6 m/sec. from a 

point on the ground. find when it becomes at 14.7 m. above the

ground and its velocity, then Explain meaning of the two answers 

.

2 2

2 2

1
14.7 19.6 9.8

2

4.9 19.6 14.7 0 4 3 0

( 3)( 1) 1 3 , 1sec

gt t t

t t t t

t t t t

    

      

     

        

        
                

  this particle becomes at this height upward after 1 sec.

and  becomes at this height downw

10

- 19.6-9.8 1 9.8 / sec ( )

- 19.6-9.8 3 -9.8 / sec (

V u gt m upward

V u gt m downward

   

   

  A particle is projected upwards with velocity 14 m/sec. find the

 time taken to reach a point 350 m be

ard after 3 sec.
    
    )

2 2

2

1 1
350 14 9.8

2 2

4.9 14 350 0

(4.9 35)( 10) 0

35
10 ( )

4.9

S Ut gt t t

t t

t t

t or t refused

     

  

  


 

low the point of projection

          

U=14 m/sec

S = - 350  m
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  A stone is projected vertically upward with velocity 

19.6 m/sec. from the top of a tower 156.8 m. Find when it reaches

 the ground and its velocity at this instant.

  U = 19.6 m/sec.    ,   S = -15
2 2

12

1 1
156.8 19.6 9.8

2 2

4 32 0

( 8)( 4) 0 8sec.

19.6 9.8 8 58.8 / sec

S Ut gt t t

t

t t t

V U gt V m

      

  

    

       

2

  A small ball is projected vertically upward from the window

 of 

6.8 m.

           

t
          

          

V U gt 

a house, the ball was observed moving dowround against the

 window after 4 sec. then reached the ground after 5 sec. from the

 instant of projection. Find the height of the window in meters.

      

2 2

0 9.8 2

19.6 / sec

1 1
19.6 1 9.8 1

2 2
24.5

U

U m

S Ut gt S

S m

   



       



    

           

Homework 
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 The forces of attraction between two bodies are directly 

proportional to the product of their masses and indirectly 

proportional with the square of distance between their centers 
 

1 2 1 2
2 2

       F F G
m m m m

s s
  

 


Example (1) Calculate the gravitational force between two 

bodies their masses are 10 kg, 50 kg and distance between 

their centers 0.5 m. known that the universal gravitational  constant equals 

6.67x10
-11

 newton .m
2
/kg

2
 

 
Solution 

11 81 2
2 2

6.67 10
10 50

  1.334 10
(0.5)

F G F
m m

s

    
 

   

Example (2) Calculate the gravitational force between two 

planets the mass of the first 2x10
21
ton, mass of the other 

4x10
25
 ton and the distance between their centers 2x10

6 km 

 
Solution 

1 2
2

24 28
11 8

9 2

52
11 11 34

18

24

6.67 10

  

2 10    4 10
1.334 10

(2 10 )

2 10
6.67 10   6.67 10 2 10

4 10

1.334 10   

F G

F

m m

s

F

F newton

 

 

 

 



  
  




      



 
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Example (3) A piece of iron is put at a distance of 50 cm 

from another piece of Nickel of mass 25 kg then the 

gravitational force between them became 6x10
-8
 N. What is 

the mass of the piece of iron approximated to the nearest 

integer number ? 

 

1 2
2

8 11 1
2

8

1 11

6 10 6.67 10

  

m  25

(0.5)

0.25 6 10
  9 kg.             

6.67 10 25

F G
m m

s

m

 





 

  






 
 

 

Solution 

Example (4) A satellite of mass 1500 kg revolves at a 

height of 540 km from the Earth's surface whose mass is 

6x10
24
 kg and radius is 6360 km. Find the Earth's 

gravitational force on the moon known that the universal 

gravitational constant equals 6.67x10
-11
 newton.m

2
/kg

2 

 
Solution 

1 2
2

24
11

2
6.67 10

  

1500 6 10
 F 1260807  

(540000 6360000)

F G
m m

s

newton

 

 



 
 



Example (5) If the attraction force between the Earth and 

the Moon is 3011x10
24
 newton and the mass of the Earth 

6x10
24
 kg, the mass of the Moon 7x10

22
 kg. Find the distance 

between their centers. 

 

1 2
2

22 24
4 11

2

22 24 11
6

4

6.67 10

3 10

  

7 10  6 10
 3011 10  

7 10  6 10 6.67 10
 

3011 10

F G
m m

s

S

S meters
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 

 


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    




Solution 
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Example (6) Calculate the mass of the Earth in kg if known 

that its radius length 6360 km and gravitational constant 

is 6.67x10
-11
 and the Earth's acceleration due to gravity is 

9.8 m/s
2
  

 
Solution 

1

2

1

1 2
2

1

Let a body of mass  put on the surface of

 the Earth and  is the mass of the Earth 

The forces of attraction between the body and the Earth is the weight of

the body itself = 

  

 

m

m

m g

F G
m m

s

m



 


1116.67 10 
m

g    2

2

1116.67 10

 

(6360000)

9.8

m

m




  2 24
224

 
5.9 10

4.045 10

m
m kg


  


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