CHHETRI ACADEMY GCSE Physics Foundation (AQA) - 8463

Braking forces and deceleration

4.5.6.3.4 - Forces - revision notes

When a vehicle brakes, work done by friction between the brakes and the wheels reduces
its kinetic energy and heats the brakes. You need to explain this energy transfer, link
braking force to speed and deceleration, and explain the dangers of large decelerations.

Key facts

® Braking: work done by friction reduces kinetic ® Work done by brakes = braking force x braking
energy, and the brakes get hotter distance = kinetic energy lost

* Ey=%m v2 ® Greater speed — greater braking force needed

to stop in the same distance

® Greater braking force — greater deceleration ® Large decelerations: brakes overheat, skidding,

(F=ma) loss of control
Notes

I Energy transfer when braking

» When a force is applied to the brakes, work is done by the friction force between the brakes and the wheels.

disc turns
with the wheel

friction force on
the disc opposes
its motion

brake pads squeeze
the disc

work done by friction heats the disc and pads

Braking: friction between the pads and the disc does work, transferring
kinetic energy to thermal energy.

» This work done reduces the kinetic energy of the vehicle.

» The energy is transferred to the thermal energy store of the brakes, so the temperature of the brakes
increases.

« Work done by the brakes = braking force x braking distance = kinetic energy lost.
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I Braking force, speed and deceleration

» The greater the speed of a vehicle, the greater the braking force needed to stop it in a certain distance,
because it has more kinetic energy.

» The greater the braking force, the greater the deceleration of the vehicle (F = m a).

» For the same braking force, a vehicle with a greater mass has a smaller deceleration.

| Dangers of large decelerations

» Large decelerations need large braking forces, which may make the brakes overheat and work less well.
» The wheels may lock and the tyres skid, so the driver may lose control of the vehicle.

» Large decelerations also mean large forces on the people inside, which can cause injuries.

How to answer each type of question

Describe the energy transfer during braking 2 marks

1. Say that work is done by friction between the brakes and the wheels.
2. Name the stores: from kinetic to thermal (the brakes get hotter).

Example. Describe the energy transfer when a moving car brakes to a stop.

Model answer. Work is done by the friction force between the brakes and the wheels (1).
Energy is transferred from the kinetic energy store of the car to the thermal energy store of the brakes,
so the brakes get hotter (1).

Don’t lose marks

Q Saying the kinetic energy is 'lost' or 'used up'. It is transferred to the thermal store of the brakes (and the
surroundings).

Forgetting to square the speed in E, ="2m V2.

Just writing 'it is dangerous' for large decelerations. Name the dangers: brakes overheating, skidding, loss
of control.

Mixing up the braking distance (m) with the braking force (N).
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More tips

Memory tricks Exam technique
« Braking chain: friction — work done — kinetic « Use the terms 'work done', 'kinetic energy
energy decreases — brakes heat up. store' and 'thermal energy store'.

« Braking force x braking distance = 2 m v links Ex=7"m v2 and W = F s must both be
force, distance, mass and speed in one line. recalled; they are often combined in 4-mark
« Double the speed means four times the kinetic questions.

energy, so four times the braking force to stop
in the same distance.

What each grade needs

What you need to be able to do, from the first marks up to the top grade.

Grade 4 Describe the energy transfer when a vehicle brakes
Energy is transferred from the kinetic store of the vehicle to the thermal store of the brakes.

Calculate the work done by a braking force
W =F s, where s is the braking distance.

Link braking force to deceleration
The greater the braking force, the greater the deceleration (F = m a).
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