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Impulse in 2D 4

Your notes

Impulse in 2D

How does impulse workin 2D?
= |mpulse and momentum canbe usedin 2D as they are vector quantities
= |mpulsein 2D essentially works the same way as impulse in 1D
= Foraconstant force givenbythevector F N = (FXi + ij)NactingonaparticIe
for [ seconds the impulse is given by the vector:
- I=Fr=(Fi+ ij)t
= TheunitsarestillN s (equivalent to kgms‘1)
= Foraparticle of mass the impulse is still equal to the change in momentum
« IT=mlv—)
» whereumsistheinitial velocity vector and vms~is the final velocity vector

How are questions differentin 2D?

= Youcould be asked to work out the magnitude of the impulse

= Youwouldneedto find the two components of the impulse vector and then use
Pythagoras

= Youcould be asked to work out the direction of the impulse

= Youwould needto find the two components of the impulse vector and then use
SOHCAHTOA (right-angled trigonometry)

= You might need to find the angle between the impulse and the vector 1 orj o)
always draw a sketch

= |ftwo particles collide in 2D then for this specification they will always be direct
collisions

= This means that they will be travelling along the same line so the velocity vectors will
be scalar multiples of each other

= These problems are rare and would be solved using conservation of momentumin
exactly the sameway asin1D

= |fyou know the magnitude and direction of the impulse or a velocity then you might have
toresolve itinto horizontal and vertical components

o

Worked Example
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Aball of mass 0.8 kg is moving with velocity (Zi + 3]) m s~ ! whenitreceivesan ,
impulse Q N's.Immediately afterreceiving the impulse, the velocity of the ball is

.o Your notes
(5i—j) ms~1.

(a) Find the magnitude of the impulse QN .

(b) Find the angle between the direction of the impulse and the vectorj.

Answer:

Before After

5i—j
Use ‘T =mv — mu’

Q= 0.8(51 - j) — 0.8(2i + 3))
Q=24i-3.2j

Sketch the impulse vector

(a) Find magnitude using Pythagoras

lQl=~2.42+3.22

Magnitude = 4 Ns

(b) Find the angle by using trigonometry

3.2
tanb = >4
_ (3.2} _
0= tan (2‘4 =53.130...

Add 90° to get angle between Q and j
90 + 53.130... = 143.130...
Angle between Q and j is 143" (3sf)

=

Examiner Tips and Tricks
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= Be careful with negatives, especially when adding and subtracting vectors. ,
= When finding angles and directions always sketch a diagram. Read the question
carefully to help you decide where the angle should be measured from. Your notes
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Multiple Collisions 4

Your notes

Collisions - Multiple Collisions

Can there be multiple collisions?

= Aftertwo objects collideitis possible that one (orboth) of them collides with
something else such as

= Athird object
= Awall (perpendicular to the motion)

= Deal with each collision separately and use the steps for direct collisions

Canthere be a second collision between the original two
objects?

= LetA,BandCbe three objects travellingin the same straight line and suppose Aand B
collide directly and subsequently B and C collide directly

= Afterthe collisions between A and B and B and C there will be a second collision
between A and B if:

= Oneis stationary and the other s travelling towards it
= Bothare travelling in opposite directions towards each other

= Both are travelling in the same direction and the one in front is slower than the one
behind

= Theprocessis similarif object Cis awall

= After B collides with the wall its direction will be reversed so it will be travelling
towards A

= Bwill collide with A againif its velocity in that direction is greater than the velocity
of Ainthat direction

= To help youwork out the speed of B after hitting the wall you will be given extra
information such as the impulse exerted by the wall or the coefficient of restitution

o

Worked Example

Three uniform baIIsA, Band Cof equalradius,and mass 0.1kg, 0.2 kgand 0.3 kg
respectively, can move along the same straight line on a smooth horizontal table with

Binthemiddle of A and C. A and B are projected towards each otherin opposite
directions with speed 10 m s7land2ms™! respectively while Clis atrest. A
and B collide directly which does not change the direction of motion of A and

subsequentlyA moves with speed 1 m s~L
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(a) Show that the speed of B immediately afterit collides withA is2.5ms™!. ,
Your notes

(b) Inthe subsequent motion, B collides directly with C. Immediately after this
collision, C moves with speed 1.5 m s~!. Determine if there will be a second

collision between A and B.

Answer:
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a) Look at the collision between A and B ,
Step 1: Choose positive direction Your notes

Let the initial direction of A be positive
Step 2: Draw d before/after diagram

+ Before After

E 10 2

i
I
|
1
B i B
0.2kg) ! 0.2 kg
I

As A goes forward, B must also
go forward as it is in front

Opposite
direction

Step 3: Use conservation of momentum
m,U, + myu, =m,v, + m,v,
0.110) + 0.2(=2) = 0.1(1) + 0.2(v)

0.6=01+0.2v
Step 4: Solve
v=25
Speed of B=2.5ms™’
b) Look at the collision between B and C
Step 1: Choose positive direction
Step 2: Draw a before/after diagram

After
u 15

|
I
:
I
B : B
0.2 kg I 0.2kg
I

Step 3: myu,+ myu, =m,v, + m,v,
0.2(2.5) + 0.3(0) = 0.2(u) + 0.3(1.5)
0.5=0.2u+ 0.45

+ Before
25 0]

Step 4: u=0.25
Look at velocities of A and B after collisions
1 0.25

B
0.2 kg

A and B are traveling in the same direction
A’s speed is greater than B’s speed
There will be another collision between A and B

o

Examiner Tips and Tricks

= These questions can be difficult to visualise in your head so draw simple diagrams
to show each collision.

= Usecommon sense, think how many possible (orimpossible) ways there are for
objects to move after the first collision. You will often have to consider the speed
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of one ormore objects to decide if a second or third collisionis possible. ,
= These questions caninvolve lots of algebra, negatives and inequalities so do not
rush them as you might make a silly mistake which can affect subsequent parts. Your notes
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Coefficient of Restitution /

Your notes

Coefficient of Restitution

What is the coefficient of restitution?

= The coefficient of restitution (also known as Newton's Experimental Law) is the ratio of
therelative speed of separation and the relative speed of approach when two objects
collide

= Essentially this just means the speed of separation divided by the speed of
approach

= The coefficient of restitutionis denoted e
= eisdimensionless asitis aratio

= Thevalue of eina particular situation willdepend on the materials that the two
particles are made from

= |nthiscourse e cantake thevaluesintherangeO<e<1

= e =1:These are called perfectly elastic collisions andin these collisions there is no
lossin kinetic energy

= e=0:These are called perfectly inelastic collisions and in these collisions the
objects coalesce

How do | calculate the coefficient of restitution between two objects?

Speed of seperation of the objects

Speed of approach of the objects

= The speed of approach depends onwhether the objects are travelling towards each
otherorinthe same direction. Forexample, if the speeds of the two objects before the
collisionare 5ms™' and 2 ms™'then the speed of approachis:

» 3msif they are moving in the same direction (each second the objects approach
each other by a further 3 metres)

= 7ms'if they are moving in opposite directions (each second the objects approach
each other by a further7 metres)

= The speed of separation depends on whether the objects are travelling away from each
otherorin the same direction. Forexample, if the speeds of the two objects after the
collisionare 5ms™ and2ms™' then the speed of separation is:

» 3ms'if they are moving in the same direction (each second the objects separate
by a further 3 metres)

= 7ms”'if they are moving in opposite directions (each second the objects separate
by a further7 metres)

= |f the velocities of the two objects before the collisionareuym s and U, m sandthe
velocities after the collisionare vims™and voms™ then:
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27 ,
=

u —u, Your notes

= Note that velocities can be negative so be careful with signs

“+
——

BEFORE

Yy Yy

COEFFICIENT OF RESTITUTION
Vo T Vg
U, — U,

AFTER

v, v,

e =

How do | calculate the coefficient of restitution between an
objectand awall?

= Asthewalldoes not have any velocity

Speed of rebound of the object

Speed of approach of the object

= |fthe speed of the object before the hitting the wall is um s™'and the speed afteris vm
s 'then the formula above simplifies to:

0-(-v)

"7 u—0

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

10


https://www.savemyexams.com/?utm_source=pdf

I 4

Your notes
BEFORE AFTER
u \
—_— <

COEFFICIENT OF RESTITUTION

v
e=—
u

How do | solve collision problems involving the coefficient of
restitution?

= STEP 1. Draw a before/after diagram and label the positive direction
= There may be multiple diagrams if there are multiple collisions
= STEP 2: Form an equation using the coefficient of restitution

= The unknown(s) could be the coefficient of restitution or any of the speeds or
directions

= STEP 3: Form an equation using the principle of conservation of momentum

= |Inthe case of a collision with a wall you may be given the impulse or some other
informationinstead

= STEP 4. Solve and give your answer in context
= You may have to solve simultaneous equations
= Youmay have to solve aninequality

= Youmay have to form aninequality using O <e <1orusing the fact that velocity is
positive (or negative) if the objectis going forwards (or backwards)

o

Worked Example

Two balls A and B are of equal radius and have masses 2 kg and 5 kg respectively.

A and B collide directly. Immediately before the collision, A and Bare movingin
the same direction along a straight line on a smooth horizontal surface with speeds 9
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ms~landl ms™! respectively. Immediately after the collision, the direction of ,

motion of A is reversed. The coefficient of restitution between A and Bis — . Your notes

4

Find the speeds of A and B immediately after the collision.

Answer:

Step 41: Draw a before/after diagram
After

Va Ve

|

- 9 1 |
: ez 3
l @ @ 4

]

1

|

[}

Step 2: Coefficient of restitution

+ Before

_ VTV
SAREVAETH I/—\EVA is in opposite direction|
3 vy — (=) Vet v,
4 9-1 8

6=va+vA@

Step 3: Conservation of momentum

myU,+ myu, =m, v, + myv,

2(9) + 5(1) = 2(—v,) + 5lvy)

23=5v,-2v,@

Step 4: Solve

Rearrange @ Vi=6 — vy

Substitute into(@) 23=5v,~ 26 = v,)
23=7v,—12
sWv=5

Substitute back into@) v,=6-5
avy=1
After collision:

Speed of A is 1ms™
Speed of B is 5ms™

o

Worked Example

Asphere Alis projected withspeed S m s~ 1 along a straight line towards another

sphere B, of equalradius, whichis at rest on a smooth horizontal surface. After the
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Answer:

+

al

o

1, SaveMyExams

speed 1 m s™! . The coefficient of restitution between A and Bis €.

(a)Showthat v = Se—1.

(b) Hence, find the range of possible values of e.

Step 1: Draw a before/after diagram

Before

collision, B moves with speed vV m s~ ! and Amovesinthe opposite direction with ,

Your notes

After
v

i

— = 5 o _ |
I

@I
|

I

I

M don’t have information about the masses

Step 2: Coefficient of restitution

V2=V

€=y, -y,

L K—*&'l is in opposite directionJ
v —(—

5-0

v+1=5e

v=5e—-1

5e—-1>0

A
e>5

Examiner Tips and Tricks

© 2026 Save My Exams, Ltd.

We now have enough information to do part (a)

b) After the collision B moves forward so v>0

= Exam questionsrefer to spheres as having equal radii, this just means the objects
are the same size so that dimensions don't affect the collision. Exam questions
oftenleave velocities in terms of e . If you know the direction of the object then
you know whether the velocity is positive or negative. This can be used to form an
inequality for the range of possible values of e for that scenario.
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