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2.6

Explain
what an
impulsive
force is

The large force that acts over a short period of time during collisions or
explosions is known as impulsive force
From the relationship between force, mass and acceleration:

F = ma = m (v – u)
t

F = mv – mu = change of momentum Unit = N = kg ms
-2

t t m = mass u = initial velocity
t = time v = final velocity

Impulsive force is the rate of change of momentum in a collision or
explosion

Give
examples
of
situations
involving
impulsive
forces.

1. Hitting a golf ball 5. hitting a nail using hammer
2. collision of cars 6. Boxing
3. jumping from a high place to the ground
4. catching a high speed softball ball

Define
impulse

Impulse is defined as the change of momentum;
final momentum – initial momentum

mv - mu
Unit : kgms

-1
or Ns

From F = mv – mu Ft = mv – mu = change of momentum = Impulse
t

The product of the force and the time is called the impulse.

The effects
of
increasing
and
decreasing
time of
impact

From the expression F = Change of momentum ;
t

Impulsive force is inversely proportional to time of contact /impact
Longer period of time  Impulsive force decrease
Shorter period of time  Impulsive force increase



86

Situations Explanation

Thick mattress with soft surfaces are used in events such as high
jump. After clearing the bar, the athlete falls towards the cushion
with a certain momentum. When he lands and stops, his
momentum is reduced to zero by the impulsive force acting on
him. The cushion is used so that the time interval of impact on
landing is extended, thus reducing the impulsive force. This can
prevent injuries to the athelete.

Goal keepers will wear gloves to increase the collision time. This
will reduce the impulsive force.

A high jumper will bend his legs upon landing. This is to increase
the time of impact in order to reduce the impulsive force acting on
his legs. This will reduce the chance of getting serious injury.

A baseball player must catch the ball in the direction of the motion
of the ball. Moving his hand backwards when catching the ball
prolongs the time for the momentum to change so as to reduce the
impulsive force.

Items that are fragile, such as eggs, glass and electrical appliances must be packed in materials
that are stiff but compressible. These materials are able to absorb and reduce impulsive forces
by extending the time interval of the change in momentum during an impact.

Situations Explanation

A karate expert can break a thick wooden slab with his bare hand
that moves at a very fast speed. The short impact time results in a
large impulsive force on the wooden slab.

A massive hammer head moving at a fast speed is brought to rest
upon hitting the nail. The large change in momentum within a
short time interval produces a large impulsive force which drives
the nail into the wood.

Describe situations where an impulsive force needs to be reduced and suggest ways to
reduce it

Describe situations where an impulsive force is beneficial
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A football must have enough air pressure in it so the contact time
is short. The impulsive force acted on the ball will be bigger and
the ball will move faster and further.

Pestle and mortar are made of stone. When a pestle is used to
pound chilies the hard surfaces of both the pestle and mortar
cause the pestle to be stopped in a very short time. A large
impulsive force is resulted and thus causes these spices to be
crushed easily.

Example 1
A 60 kg resident jumps from the first floor of a
burning house. His velocity just before
landing on the ground is 6 ms

-1
.

(a) Calculate the impulse when his legs hit the
ground.

(b) What is the impulsive force on the
resident’s legs if he bends upon landing
and takes 0.5 s to stop?

(c) What is the impulsive force on the
resident’s legs if he does not bend and
stops in 0.05 s?

(d) What is the advantage of bending his legs
upon landing?

Example 2
Rooney kicks a ball with a force of 1500 N.
The time of contact of his boot with the ball is
0.01 s. What is the impulse delivered to the
ball? If the mass of the ball is 0.5 kg, what is
the velocity of the ball?

Example 3
In a tennis match, a player hits an on-coming
ball with mass of 0.2 kg and velocity of 20 ms

-1

The ball rebounds with a velocity of 40 m s
-1

.
The time taken in the collision between the
ball and the tennis racket is 0.01 s.

(a) What is the impulse experienced by
the ball?

(b) What is the impulsive force exerted on
the tennis ball?

(c) If the tennis ball has a velocity of 20 m
s

-1
is hit by the racket with a force of 50

N and the ball rebounds with a velocity
of 5 m s

-1
. What is the time of collision

between the ball and the racket?
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2.7 SAFETY VEHICLE

Component Function

Headrest

Air bag

Windscreen/
safety glass

Crumple zone

Front bumper

Anti lock
braking system
ABS
Side impact bar

Seat belt

Dashboard
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TUTORIAL 2.6

1 A softball player moves his hand
backwards while catching a fast-moving
ball.

This movement of the hand is to
A. increase the impulsive force
B. increase the stopping time of the ball
C. control the ball to stop it falling

2 Impulse is a vector quantity. It has unit
N s. Which of the following units also
belongs to impulse?

A. kg ms
-2

B. kg ms
-1

C. N s
-1

D. N ms
-1

3 An athlete performing the high jump. He
lands on a mattress. What is the
function of the mattress? (2005)

A. to reduce the collision time between
the athlete and the mattress.

B. To reduce the change of momentum
of the athlete when he hits the
mattress.

C. To reduce the impulsive force acting
on the athlete when he hits the
mattress.

4 Diagram below shows a parachutist
landing with his legs bent.

Why does the parachutist bend his legs?
(2006)

A. To lengthen the time of impact of
his feet with the ground.

B. To shorten the time impact of his
feet with the ground

C. To lengthen the time of falling to
the ground

5 Diagram 5 shows a box with a mass of 55
kg being dropped from a helicopter. At
the moment before touching the ground,
the velocity of the box is 12 ms

-1
.

The box stops 2 seconds after touching
the ground.

What is the magnitude of the impulsive
force acted on the box? (2007)

A. 660 N
B. 330 N
C. 122 N
D. 110 N

6 Why are the front and rear sections of a
car disinged to crumple easily? (2997)
A.. To increase impact time
B. To decrease momentum
C. To increase friction
D. To decrease impulse
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5. Figure 5.1 shows a student jumping from
a certain height towards the floor which
resulted in a leg injury.

Figure 5.2 shows a broken egg when it is
dropped from a certain height.

Figure 1

Figure 2

(a) Describe the change in the velocity of the
egg and the student while moving in the
air.

[1 mark]

(b) Based on Figures 1 and 2 identify one
physical quantity that causes injury to
the student and breaks the egg.

[1 mark]

(c) Suggest a method that would have:
(i) reduced injury to the student’s leg.

[1 mark]

(ii) prevented the egg from breaking.

[1 mark]

(d) Explain why the methods you suggested
in (c) (i) and (c) (ii) can help avoid leg
injury and the broken egg.

[1 mark]

(e) State the relationship between the
answers in (b) and (d).

[1 mark]

(f) Use the relationship in (e) to explain why a
ball with a low air pressure does not
travel far when kicked.

[2 marks]

6. In one of the activities at the National
Service camp a participant of 55 kg is to
climb up 2.5 m wall from the ground level
and jump down as shown is Figure 9.

figure 9
(a) (i) What is the gravitational potential

energy of the participant before the
jump?

(i) Calculate the power of the participant
if he climbs up the wall in 15
seconds.

(b) Based on the jump of the participant,
calculate
(i) the speed of the participant just

before his legs touch the ground.
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(ii) The change in momentum of the
participant at this moment.

(iii) The impulsive force on the
participant if the time of action
between his legs and the ground is
0.03 s.

(iv) The participant bends his legs when
he reaches the ground and stops in
0.08 s. Determine the impulsive force
acting on the participant.

(c) Why do long jump athletes bend their
knees on landing on the sand pit?

SPM 2003 Section B Essay
7. Figure(a) shows two identical plasticine

spherical balls before being released
from the same height. Figure (b) shows
the state of the plasticine balls when the
hit the wood and the sponge. It was
observed that the plasticine stopped
more quickly when it hit the wood.

(a) (i) What does the word momentum
mean?

(ii) Observe Figure(a) and Figure(b).
Compare the shape of the
plasticine balls, the surface of the
wood, the surface of the sponge
before and when the plasticine
balls hit the surfaces.

Relate the changes in shapes of
the plasticine balls and the
surfaces to deduce a relevant
physics concept.

(b) Explain the changes in energy that
occur from the moment the
plasticine ball is released until it
reaches the position in Figure(b).

(c) An earth-monitoring satellite falls
into the earth’s atmosphere at a
high velocity and reaches a high
temperature. This is caused by the
earth’s gravitational force and air
resistance.

Using the appropriate physics
concepts, suggest and explain
suitable designs or ways to protect
the satellite and its equipment:
(i) from extreme heat,
(ii) from breaking up on landing

[10 m]


