
 
NEWTON'S LAWS OF MOTION  
 

First Newton’s law of motion. 

A body remains in its state of rest or uniform motion in straight line unless an external 

force acts on it. 

 

This law, also called the principle of inertia. Inertia is reluctance of a body to start 

moving once at rest or stop moving once in motion. 

 

Inertia depends on the mass of the body thus the mass is a measure of inertia. 

 

Second Newton’s Law of motion 

The rate of change of momentum is directly proportional to the magnitude of the applied 

force producing it and takes place in the reaction of the applied force. 

 

Momentum is the product of mass of the body and its velocity. 

I.e. Linear momentum of a body = Mass of body x its velocity  
The S.I unit is kgm/s or kgms-1 

 

According to the second Newton’s law of motion 

F∝ 
𝑚𝑉−𝑚𝑈

𝑡
 where U and V are the initial and final velocities 

mV- mU = change in momentum 

F = 
𝑚(𝑉−𝑈)

𝑡
 

But 
𝑉−𝑈

𝑡
= 𝑎 

F = kMa, where k is a constant 

A newton is a force which gives a mass of 1 kg an acceleration of 1ms-2 

F = 1N 



M = 1kg 

A = 1ms-1 

1 = k x 1 x 1 

k = 1 

F = Ma 

 

Example 1 

A 20kg mass travelling at 5ms-1 is accelerated to 8ms-1. Calculate the change in momentum 
of the body. 
 
Change in momentum = mv - mu 
                                          = m(v - u)  
                                          = 20 (8 – 5) 
                                          = 60kgms-1 

 Example 2 

A body of mass 600g travelling at 1Oms-1 is accelerated uniformly at 2ms-2 for 4s. Calculate 
i) The change in momentum 

Mass = 600g = 
600

1000
= 0.6𝑘𝑔 

Final velocity, v = u + at 
                             = 10 +2 x 4 
                             = 18ms-1 
Change in momentum = m( v – u) 
                                         = 0.6 (18 – 10) 
                                         = 4.8kgms-1 
                                      

ii) The rate of change in momentum 

Rate of change of momentum = 
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
=  

4.8

4
 = 1.2N 

iii) The force acting on a body 
F = ma = 0.6 x 2 = 1.2N 

 
Third Newton’s law of motion 

For every action, there is an equal and opposite reaction. 

 

For example 3 

A block of mass 2kg is pushed along a table with constant velocity by force of 5N. When 

the push is increased to 9N, what is the resultant force and acceleration? 

Resultant force F 9 - 5  4N 

But 

F  ma 



4  2a 

a  2ms 
-2

 

 
COLLISION AND MOMENTUM 
There are two types of collision  
-inelastic collision  
- Elastic collision 
 
 
Inelastic collision 
 is when the colliding bodies stay together and move with the same velocity. In short for 
inelastic collision,  
(i) Colliding bodies stay together  
(ii) They move with the same velocity called common velocity  
 
Calculations involving inelastic collision 
Before COLLISION  
Total momentum =MAUA + MBUB   

 
After collision 
If the Collision is inelastic, implying that the two bodies stay together after collision and 
move with the same velocity called common velocity (V) then. 
Total momentum = (MA + MB)V  

 
After collision (since momentum is conserved, 
Total momentum = Momentum after+ 
Before collision 
 MAUA + MBUB  = (MA + MB)V  

  
Note: For any stationary body or body at rest, the initial velocity is zero so the initial 
momentum of such a body collision is zero (O). 

 

Example 4  

Body of mass 2Kg travelling at 8m/s collides with a body of mass 3Kg travelling at 5m/s in 
the same direction. If after collision the two moved together, Calculate the velocity with 
which the two bodies move. 
 
Momentum = mu 
Momentum before collision = momentum after collision 
(2 x 8) + (3 x 5) = (2 + 3)V  
16 + 15 = 5V 
V = 6.2 ms-1 
 
 
 
 



Principle of conservation of momentum 
It states that when two or more bodies collide, the total momentum remains constant 
provided no external force is acting.  
 
From this principle, it’s noted that for inelastic collision,  
 MAUA + MBUB = (MA + MB) V 
 

Example 5  

A body of mass 8Kg travelling at 20ms-1 collides with stationary body and they both move 
together with a velocity of I5ms-1. Calculate the mass of the stationary body.  
 
From MAUA + MBUB = (MA + MB) V 
   (8 x 20) + (MB x 0) = (8 + MB) x 15 
    160 = 120 + 15MB 

                  MB = 
40

15
 = 2.7kg 

 
 
Elastic Collision  
This is where the colliding bodies separate after collision. In short 
Elastic collision involves, 
 (i) Colliding bodies moving separately after collision 
(ii) The colliding bodies move with Different velocities after collision 
 
For elastic collision 
  
Total momentum before collision = MAUA + MBUB 

Total momentum after collision =MAUA + MBVB 
 
If momentum is conserved then; 
 total momentum before collision=Total momentum after collision 
                                 (MAUA + MBUB)=MAUA + MBVB 

 

 

Example 6 

A body of mass 20Kg travelling at 5ms-1 collides with another stationary body of mass l0Kg 
and they move separately in the same direction. If the velocity of the 20kg mass after 
collision was 3ms-1. Calculate the velocity with which the l0kg mass moves. 
VB =?? 
MAUA + MBUB= MAVA+ MBVB 
(20 x 5) + (10 x 0) =(20x3)+ (10xVB) 
                  100 + 0= 60+ 10VB  

                                        VB = 4ms-1 
EXPLOSIONS 
Momentum is conserved in explosions such as when a rifle is fired. During the firing, the 
bullet receives an equal but opposite amount of momentum to that of the rifle. 
 



 
MtVt = MbVb where Mt is mass of the rifle, Vf is Velocity of the rifle which is also called recoil 
velocity.  The negative indicates that the momentums is opposite. 
 

Example 7 

A bullet of mass 8g is fired from a gun of mass 500g. If the missile velocity of the bullet is 
500ms-1. calculate the recoil velocity of the gun. 
From MtVt = MbVb 

 
500

1000
 𝑥 𝑉 = 

8

1000
 𝑥 500 

Recoil velocity, V = 8ms-1 
 
Example 8 

A bullet of mass 200g is fired from a gun of mass 4Kg. If the muzzle velocity of the bullet is 
400m/s. calculate the recoil velocity 
From MtVt = MbVb 

 

4 𝑥 𝑉 = 
200

1000
 𝑥 400 

Recoil velocity, V = 20ms-1 
 
 
In general, for any explosion involving two bodies M1V1 = -M2V2.  
For any explosion of bodies, the amount of momentum for one body is equal but opposite 
to that of another body. 
 

Rocket and jet engines  

These work on the principle that in any explosions one body moves with a momentum 
which is equal and opposite to that of another body in the explosion. For the rocket and the 
jet engine, the high velocity hot gas is produced by the burning of fuel in the engine. 
 
How a jet and rocket engine work: This involves 
Principle: The jet and the rocket engine work on the principle that momentum is conserved 
in explosions. 
High velocity: The high velocity of the hot gas is produced by the burning of fuel in the 
engine. 
 
Large momentum: The large velocity of the hot gas results in the gas to leave the exhaust 
pipe with a large momentum. 
Engine:  The engine itself acquires an equal but opposite momentum to that of the hot gas.      
Note: When the two bodies collide and they move separately after collision but in opposite 
directions then.  
 
MAUA + Ma Ua = MA VA - MB VS 
 
 



Example 9 

A body, Q of mass 50g collides with a stationary body "P" of mass 4g. If a body "Q" moves 
backward with a velocity of 10ms-1 and a body "P" moves forward with a velocity of 6ms-1. 
Calculate the initial velocity of a body Q. 
 
From MAUA + MBUB = MA UA – MB - VB 
(0.05 x Uq) + (0.004 x 0) = (0.05 x 10) – (0.004 x 6) 
                              0.05Uq = 0.5 - 0.024 
                                     Uq =9.52ms-1 
  
 
Example 10 

(a) A moving ball "P" of mass 100g collides with a stationary ball q of mass 200g. After 
collision P moves backward with a velocity of 2ms-1 while q moves forward with a 
velocity of 5ms-1. Calculate the initial velocity of P. 
 
From MpUp + MqUq = Mq Uq – Mp – Vp 
(0.1 x Up) + (0.2 x 0) = (0.2 x 5) – (0.1 x 2)  

                              0.1Up = 1.0 – 0.8 
                                     Up =8ms-1 

 
 
b. The body exerted by P on Q if the collision took 0.03 seconds.  

Force of P   = 
𝑀𝑝 (𝑉𝑝 − 𝑈𝑝)

𝑡
=  

0.1 (8−2)

0.03
 = 20N 

 

Exercise 

1. A bullet of 150g is fired with a speed of 400ms-1. The rifle recoils with a speed of 10ms-1. Find the 

mass of rifle 

A. 0.3kg     B.  0.6kg   C. 3.0kg    D. 6.0kg 

2. When a person steps forward from rest, one foot pushes backwards on the ground. The ground 

will as a result push that foot  

A. backwards with an equal force   B. forwards with an equal force  

C. backwards with a smaller force  D. forwards with a smaller force 

3. A bullet of mass 0.1kg is fired from a rifle of mass 5kg. The rifle recoils at a velocity of 16ms-1. 

Calculate the velocity with which the bullet is fired 

A.  66ms-1   B.  110ms-1  B.  210ms-1   D.  800ms-1 

 

 



4. A body of mass 20kg moves with a uniform velocity of 4ms-1 from rest. Find its momentum 

A. 5kg ms-1  B. 80kgms-1  C. 160kg ms-1   D. 320kg ms-1 

 

5. When a car is suddenly brought to rest, a passenger jerks forward because of 

      A. inertia.  B. friction. C. gravity, D.  momentum. 

6. The product of mass and acceleration is 

A. force. 

B. inertia 

C. velocity, 

D. momentum 

7. When a steadily increasing force is applied to a moving object, all the following change except 

A.  acceleration. 

B.  momentum. 

C. speed. 

D.  mass. 

8. A change in momentum occurs when a  

(i) body always changes its position. 

(ii) body experiences a net force of zero. 

(iii) body accelerates. 

 A. (ii) and (iii) only.    B. (i) and (ii) only. 

C.  (iii) only.     D.  (ii) only. 

9. The recoil velocity of a gun will depend on: 

  (i) mass of the shell. 

  (ii) muzzle velocity of shell. 

  (iii) muzzle diameter of the gun. 

  (iv) mass of the gun. 

 A. (i) only.     B. (iii) only. 



 C. (ii) and (iii) only.    D. (i) , (ii) and (iv) only. 

 

10. When momentum of the body changes 

A. Its mass remains constant 

B. Its velocity remain constant 

C. The direction of movement remains constant 

D. The force acting on it changes 

11. A force of 5N changes the momentum of a body from 50kgms-1 to 250kgms-1. Find the time taken 

A. 1.7 x 10-2s 

B. 2.5 x 10-2s 

C. 4.0 x 101s 

D. 6.0 x 101s 

Which of the following changes show conservation of linear momentum? 

(i) Gun recoils after a bullet is fired 

(ii) A body jerking forward when a car suddenly stops 

(iii) Air from an inflated balloon moving in opposite direction to that of the balloon. 

A. (i) and (ii) only 

B. (i) and (iii) only 

C. (ii) and (iii) only 

D. (i), (ii) and (iii) only 

Structured questions 

12. (a) Explain how a rifle jerks backwards when a bullet is fired 

      (b)  A bullet of mass 1.5x10-2kg is fired from a rifle of mass 3kg with a muzzle velocity of 

 100kmh-1. Calculate the recoil velocity of the rifle. 

13. (a) Define momentum 

             Momentum is a product of mass and velocity 

      (b) A car X of mass 1000kg travelling at a speed of 20ms-1 in the direction due to East collides 

head on with another car Y of mass 1500kg, travelling at 15ms-1 in the direction due west. If 

the two cars stick together, find their common velocity after collision 

14.  (a) (i) Define linear momentum. 

(ii) State the units of linear momentum 

(iii) State the law of conservation of linear momentum 

 

 



 

Suggested answer 

1. A bullet of 150g is fired with a speed of 400ms-1. The rifle recoils with a speed of 10ms-1. Find the 

mass of rifle 

A. 0.3kg     B.  0.6kg   C. 3.0kg    D. 6.0kg 

From Mr x Vr = Mb x Vb 

         Mr x 10 = 
150

1000
 𝑥 400 

        Mr = 0.6kg 

2. When a person steps forward from rest, one foot pushes backwards on the ground. The ground 

will as a result push that foot  

A. backwards with an equal force   B. forwards with an equal force  

C. backwards with a smaller force  D. forwards with a smaller force 

3. A bullet of mass 0.1kg is fired from a rifle of mass 5kg. The rifle recoils at a velocity of 16ms-1. 

Calculate the velocity with which the bullet is fired 

A.  66ms-1   B.  110ms-1  B.  210ms-1   D.  800ms-1 

From Mr x Vr = Mb x Vb 

        5 x 16 = 0.1 𝑥 𝑉𝑏 

        Vb = 800ms-1 

4. A body of mass 20kg moves with a uniform velocity of 4ms-1 from rest. Find its momentum 

A. 5kg ms-1  B. 80kgms-1  C. 160kg ms-1   D. 320kg ms-1 

Momentum = MV = 20 x 4 = 80kgms-1 

5. When a car is suddenly brought to rest, a passenger jerks forward because of 

      A. inertia.  B. friction. C. gravity, D.  momentum. 

6. The product of mass and acceleration is 

A. force. 

B. inertia 

C. velocity, 

D. momentum 



7. When a steadily increasing force is applied to a moving object, all the following change except 

A.  acceleration. 

B.  momentum. 

C. speed. 

D.  mass. 

8. A change in momentum occurs when a  

(i) body always changes its position. 

(ii) body experiences a net force of zero. 

(iii) body accelerates. 

 A. (ii) and (iii) only.    B. (i) and (ii) only. 

C.  (iii) only.     D.  (ii) only. 

9. The recoil velocity of a gun will depend on: 

  (i) mass of the shell. 

  (ii) muzzle velocity of shell. 

  (iii) muzzle diameter of the gun. 

  (iv) mass of the gun. 

 A. (i) only.     B. (iii) only. 

 C. (ii) and (iii) only.   D. (i) , (ii) and (iv) only. 

 

10. When momentum of the body changes 

A. Its mass remains constant 

B. Its velocity remain constant 

C. The direction of movement remains constant 

D. The force acting on it remains constant 

11. A force of 5N changes the momentum of a body from 50kgms-1 to 250kgms-1. Find the time taken 

A. 1.7 x 10-2s 

B. 2.5 x 10-2s 

C. 4.0 x 101s 

D. 6.0 x 101s 

 



F = 
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
=  

250−50

𝑡
= 5 

t = 40s 

12. Which of the following changes show conservation of linear momentum? 

(iv) Gun recoils after a bullet is fired 

(v) A body jerking forward when a car suddenly stops 

(vi) Air from an inflated balloon moving in opposite direction to that of the balloon. 

A. (i) and (ii) only 

B. (i) and (iii) only 

C. (ii) and (iii) only 

D. (i), (ii) and (iii) only 

Structured questions 

13. (a) Explain how a rifle jerks backwards when a bullet is fired 

 Due to recoil velocity since action and reaction 

(b) A bullet of mass 1.5x10-2kg is fired from a rifle of mass 3kg with a muzzle velocity of 

 100kmh-1. Calculate the recoil velocity of the rifle. 

 

From Mr x Vr = Mb x Vb 

        3 x V = 0.015 𝑥 100 

        V = 0.5ms-1 

14. (a) Define momentum 

             Momentum is a product of mass and velocity 

      (b) A car X of mass 1000kg travelling at a speed of 20ms-1 in the direction due to East collides 

head on with another car Y of mass 1500kg, travelling at 15ms-1 in the direction due west. If 

the two cars stick together, find their common velocity after collision 

Let the common velocity be V 

Momentum before = momentum after 

(2000 x 20) – (1500 x 15) = (1000 + 1500)V 

40000 – 22,500 = 2500V 

V = 7ms-1 

15. (a) (i) Define linear momentum. 

       Linear momentum is product of mass and velocity 

(ii) State the units of linear momentum 



 Kgms-1 

(iii) State the law of conservation of linear momentum 

It states that when two or more bodies collide, the total momentum remains constant 
provided no external force is acting.  
 

Thank you so much 

 

 


