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Momentum & Impulse ,

Your notes

Momentum

What is momentum?
= Anyobject thathas mass andis moving has momentum

= Momentum measures the quantity of motion that an object has

= The momentum of a particle is defined as the product of its mass ( mkg) andits
velocity (v m s~ 1)

= Momentum =mv
= The Slunitformomentumis kg m s~1
= Momentumis a vector quantity - so it has a magnitude and direction

= The direction of the momentum of a particle is the same as the direction of motion
of the particle

= The momentum s negative if the velocity is negative

o

Worked Example

Adogofmass 15kgis running with speed 6ms~! )
Find the momentum of the dog.

Answer:

A sketch can make it clear

6
——

15 kg

Use formula "mv"
Momentum = 15x6
90 kg ms™

Include units kg ms™

L
Impulse

Whatisimpulse?

= Impulse measures the effect of aforce acting on a particle overtime
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If aconstant force (F N ) acts on a particle for f seconds then the impulse (I) of the
forceis defined to be the product of the force and time

» I = Ft
The Slunit forimpulse is N s(newton seconds) whichis equivalent to kg m S_l
= Thisis the same as the units formomentum
Impulse is a vector quantity - so it has magnitude and direction
= The direction of the impulse of a force is the same as the direction of the force

The Impulse-Momentum Principle states that impulse is equal to the change in
momentum

« | = mv— mu

= where misthe mass, uis theinitial velocity and vis the final velocity

What happens when two objects are in contact?
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If two objects are in contact with each other then by Newton’s Third Law there will be
equal and opposite reaction forces

This means there will be equal and opposite impulses
Forexample, consider hitting a tennis ball with aracket, there willbe
= animpulse exerted by the racket on the ball which propels the ball forward

= animpulse exerted by the ball on the racket which reduces the velocity of the
racket

= The magnitudes of these impulses are equal but they are in opposite directions
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Worked Example

A carwithmass 1200 kgis driving to the right along a smooth horizontal road with
speed16 ms™'. The driver applied a constant braking force of magnitude 1800 N for 5
seconds.

(a) Find the magnitude of the impulse of the braking force.

(b)State the direction of the impulse.

(c) Find the speed of the car 5 seconds after the braking force was applied.
Answers:

(a) Find the magnitude of the impulse of the braking force.

a) 16
—_—

1800<— 1200kg 5 seconds

Use formula "l =Ft"

We want the magnitude
Impulse = 1800x5 so use the magnitude of
the force

8000 Ns

Include units Ns or kg ms™

(b) State the direction of the impulse.

b) Direction of impulse is the same as the direction
of the force

Impulse is to the left — opposite to the motion of the car

(c) Find the speed of the car 5 seconds after the braking force was applied.
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v=2_8.5

1, SaveMyExams

—9000 = 1200v — 1200(16)

1200v = 1200(16) — 9000
1200v = 10200

c) A before/after diagram can help ,
Before ; After Your notes
16 | v +

P — _—
|

1200 kg i 1200 kg MChoose a positive
: direction

Use "l = mv — mu"

Negative as impulse is in
the opposite direction

Speed =8.5ms™

\

>
Examiner Tips and Tricks
increased or decreased?

\

© 2026 Save My Exams, Ltd.

= Always define a positive direction and be careful with negatives. Use common
sense to seeif your answer makes sense - would you expect the velocity to have
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Direct Collisions ,

Your notes

Collisions

Whatis adirect collision?

= Adirect collisionis when two objects are travelling along the same straight line when
they collide

= Before the collision:
= One of the objects could be stationary

= Thetwo objects could be travelling in the same direction with the faster object
behind the slower one

= Thetwo objects could be travelling in opposite directions towards each other
= Afterthe collision:
= One orboth of the objects could be stationary

= Thetwo objects could be travelling in the same direction with the faster objectin
front of the slowerone

= Thetwo objects could be travelling in opposite directions away from each other

= Thetwo objects could coalesce (merge to form one object) and travelin either
direction

= Explosions work like direct collisions and are when an object separates into two objects
travelling along the same straight line

= Anexample of thisis a bullet being fired from a gun, the bullet moves forwards and
the gunrecoils backwards

= Foranexplosionitis possible that the objectis initially stationary and then splits
into two objects moving in opposite direction

Conservation of Momentum

What is meant by conservation of momentum?

= The principle of conservation of momentum states that when two objects collide the
totalmomentum s unchanged

= Total momentum before collision = Totalmomentum after collision
= This only works if there are no external forces acting on the objects

= |fanobject changes direction aftera collision thenits velocity changes between
positive and negative

= |tisimportantto be clearabout which directionis positive
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[] 1 . + - +
It can be written as.]ﬂlu1 m2u2 m1 V1 sz2

= Oneobjecthas mass ml kg, velocity ulm s~ ! before the collision and Vlm 51

after the collision

= The otherobjecthas mass mzkg,velocity U2m s~ pefore the collision and

V2 m s~ afterthe collision

BEFORE AFTER

Uy U,

CONSERVATION OF MOMENTUM
m,u, + myu,=myv, + m,v,

How dol use conservation of momentum to solve collision
problems?

= STEP 1. Choose the positive direction
= STEP 2: Draw a before/after diagram
= Clearly show the mass, speeds and directions

= |f adirectionisunknown, then choose any direction and if you get a negative value
forits velocity it meansitis travelling in the opposite direction

= |fthe two objects coalesce thenyou can either consider them as two particles
moving in the same direction with the same speed or consider them as one particle
and add together theirmasses

= STEP 3: Form an equation using the conservation of momentum
= Be careful withnegatives

= |fanarrowisinthe opposite direction to the positive direction, thenits velocity is
negative

= STEP 4. Solve and give answerin context

= Youmight need to find the speed and/or direction after a collision

o

Worked Example

4
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Two particles Pand Q with masses 3 kg and 5 kg respectively, are travellingin ,
opposite directions towards each other along the same straight line on a smooth

horizontal table when they collide directly. Immediately before the collision the Yournotes

speeds of P and Q are4ms'and2msrespectively. Immediately after the

collision the direction of motion of Pisreversed andits speedisTms.
(a) Find the speed of Q immediately after the collision.
(b) State whether the direction of motion of Q is changed by the collision.
Answer:
Step 1: Choose positive direction
Let the initial direction of P be positive

Step 2: Draw a before/after diagram

+ Before | After

_— I
4 2 X
I

@ @ I . .
I
I
I

Opposite direction Direction reversed I

Don’t know direction so dssume it goes forward
if v is negative then Q goes backwards

Step 3: Use conservation of momentum
mou, + mu,=mv, + m,v,

3(4) + 5(=2) = 3(=1) + 5(v)

Negative as arrows go backwards

12-10=-3+5y

2=5v-3
Step 4: Solve
S5v-3=2
v =1

a) Speed = 1ms™

b) v =1 is positive so Q moves forwards after collision
Before collision Q moved backwards

Direction of motion of Q is reversed

=

Examiner Tips and Tricks

= Always draw clear diagrams with arrows!

= When considering directions, use common sense - if two particles are travelling
inthe same direction then they will not collide if the fasteroneisin front. Two
particles can't go through each other (atleast not at this level of mathematics...)
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soif two objects are travelling towards each other, then atleast one of them must ,

change direction after the collision.
Your notes
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