Chapter 10: Force and motion 1

Knowledge organiser

If the velocity of an object changes it must be acted on by a resultant force. The acceleration is always in the ’ Newton’s Second Law says that the acceleration a of an
same direction as the resultant force. object:

Momentum (HT only)

Momentum is a property of all moving objects. Itis a
vector quantity.

e is proportional to the resultant force on the object

. oc F
Gravity . @ ,
e isinversely proportional to the mass of the object

Momentum depends on the mass and velocity of an object
and is defined by the equation:

momentum (kg m/s) = mass (kg) x velocity (m/s)

The force of gravity close to the Earth is due to the planet’s gravitational field strength. 1
Qoc— p=mv
Weight is the force acting on an object due to gravity. n
h ioht of bi Resultant force, mass and acceleration are linked by the
The weight of an object equation:
e can be considered to act at the object’s centre of mass .
e can be measured using a calibrated spring-balance (newtonmeter). @ resultant force (N) = mass (kg) x acceleration (m/s?) Law of Conservation of Momentum
@ weight (N) = mass (kg) x gravitational field strength (N/kg) F=ma The Law of Conservation of Momentum states that:
W=mg The inertial mass of an object is a measure of how difficult it In a closed system, the total momentum before an event

(e.g., a collision or an explosion) is equal to the momentum

is to change the velocity of an object. It can be found using:
after an event.

Weight and mass are directly proportional to each other, which can be written as W oc m, so as the mass of an

. . . .F N
object doubles, its weight doubles. inertial mass (kg) = orc? (N) i
acceleration (m/s®)
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If two moving objects collide the law of conservation can
be written as:

m1u1 + m2u2 = I’]’I,IV,I + m2v2

m, = mass of object 1

terminal velocity
/ _ e meescrenect
¥ o °
z | . . . u. = initial velocity of object 1
E | i For an object falling through a fluid: i Y !
] | | T f .
. . . . u, = initial velocity of object 2
- i i  there are two forces acting - its weight due to gravity and 2 4 !
! ! the drag force v, = final velocity of object 1
d It ; ; ) ,
0 ! * * - * the weight remains constant v, = final velocity of object 2
e thedragforce is small at the beginning, but gets bigger
1 As an object T T T 3 The object will asit speeds up
begins to fall, there reach a constant * the resultant force will get smaller as the drag force
isnodrag. The drag velocity when q
weight due to drag the frictional drag Increases
gravity causes the force (air resistance) ¢ the acceleration will decrease as it falls
object to accelerate balances the . X . .
at 9.8 m/s2. weight. There is e ifit falls for a long enough time, the object will reach a
no resu'tafl‘t f°tf_ce final steady speed.
weight weight weight 50 no acceleration. . N . . .
£ N & The object has Terminal velocity is the constant velocity a falling object
— | — reached terminal reaches when the frictional force acting on it is equal to its
2 As the velocity increases the frictional drag force velocity. it
(air resistance) increases. The resultant force weignt.
therefore becomes smaller and so the acceleration . . . . 5
decreases. If an object is only acted on by gravity the acceleration will
be 9.8 m/s?

acceleration centre of mass gravitational field strength inertia inertial mass momentum

Newton’s Second Law recoil resultant force terminal velocity weight
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stopping = thinking + braking
distance distance distance

Graphs of force against extension for elastic objects

The spring constant can be calculated using the equation:

limit of proportionality

@ force applied (N) = spring constant (N/m) x extension (m) \

the distance the vehicle travels to safely come
30 mph -- 23m to a stop after the driver has spotted a hazard F=ke The extension of an

. . . X . . elastic object is directly
This relationship also applies to compressing an object,
limit of proportionality

proportional to the
i i i force, as long as the
50 mph _— 53m where e would be compression instead of extension. g
is not exceeded.

force (N)

thinking distance braking distance St,oppi"g
distance -
| | extension (m)
the distance the vehicle travels the distance the vehicle travels
during the driver’s reaction time once the brakes have been applied

Factors affecting braking distance: Factors affecting thinking distance:
* speed of the car * speed of the car
* road conditions e tiredness
» conditions of the brakes and the tyres e drugs
¢ alcohol

e distractions

Deceleration of a vehicle can be calculated using the equation
vZ=u?+2as
where s is the distance travelled, u is the initial speed, and v is the final speed.

Deformation is a change in the shape of an object caused Elastic deformation - the object can go back to its
by stretching, squashing (compressing), bending, or original shape and size when the forces are removed.
twisting. » Inelastic deformation - the object does not go

More than one force has to act on a stationary object to back to its original shape or size when the forces are
deform it, otherwise the force would make it move. removed.

braking distance deceleration deformation elastic inelastic limit of proportionality reaction time stopping distance thinking distance
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Retrieval questions

Learn the answers to the questions below then cover the answers column
with a piece of paper and write as many as you can. Check and repeat.

P10 questions Answers

® 6 6 06 © 6 6 0 60 0 O

What is the name given to the distance a vehicle
travels to safely come to a stop after the driver has
spotted a hazard?

What is thinking distance?

What is braking distance?

What is the relationship between stopping distance, :

thinking distance, and braking distance?

Does the speed of a vehicle have a bigger effect on
braking distance or thinking distance?

Which distance is proportional to the speed of the
vehicle?

What are three factors that can affect the braking
distance of a vehicle?

What can happen if the braking force used to stop a
vehicle is very large?

What is elastic deformation?

What is inelastic deformation?

How do you find the spring constant from a
force-extension graph of a spring?

alay Jaded 1nd alay Jaded 1nd alay Jaded 1nd aJay Jaded 1nd aJay Jaded 1nd

alay Jaded 1nd

stopping distance

the distance vehicle travels during driver’s
reaction time

the distance vehicle travels once brakes have
been applied

stopping

distance thinking distance + braking distance

braking distance

thinking distance

speed, road conditions, condition of tyres and brakes

brakes may overheat /the car may skid

an object can go back to its original shape and size
when deforming forces are removed

an object does not go back to its original shape and
size when deforming forces are removed

find the gradient of the straight line section
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