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resultant force.

Resultant force examples:
The objects are shown here with the
individual forces (blue) and the

10N

Figure 5 shows a tug-of-war in which the pull force of each team is
represented by a vector. A scale of 10mm to 200N is used. Team A pulls
with a force of 1000N, and team B pulls with a force of 800N. So the

resultant force is 200N in team A's direction.

marker

force of team A = 1000N

— |

scale = 10mm to 200N

Figure 5 A tug-of-war '/\’

" Tforce of team B = 800N
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Resultant force is a single
force that has the same
effect as dll the forces
acting on the object. (The
overall force acting on an
object)

Zero resultant force: when
two forces act on an object
are opposite and balanced.

If there is a resultant
force the object will speed

Vector

Physical quantity with
direction and
magnitude

Scalar
Physical quantity with
Jjust magnitude C

\

|

Displacement, velocity,
acceleration, force,
momentum, weight and
gravity.

Speed, distance, mass,
time, energy and
power.

<

Contact forces

when two objects
MUST touch each
other to interact

up or slow down.

Non-contact forces
when two objects do
not have to touch
each other to

If there is no resultant
force the object will stay at
the same speed.
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ey Words:

cceleration - change in velocity per second.

Braking distance - the distance travelled by a vehicle
during the time it takes for it's brakes to act.
Deceleration - change of velocity per second when an
object slows down.

isplacement - distance in a given direction

Elastic - A material is elastic if it is able to regain is shape
after it has been squashed or stretched.

Extension - the increase in length of a spring (or a strip of
material) from its given length.

Force - A force (in newtons N) can change the motion of
an object.

Gravitational field strength (g) - the force of gravity of
an object (of mass 1kg (in N/kg). It is also the
acceleration of free fall.

Hooke's law - the extension of a spring is directly
proportional to the force applied, as long as its limit of
proportionality is not exceeded.

Magnitude - the size or amount of a physical quantity.
Resultant force - a single force that has the same effect
as all the forces acting on the object.

Scalar - A physical quantity that has magnitude only eg.
mass.

Speed (m/s) - of an object is it's distance/time

Spring constant - Force per unit extension of a spring.
Stopping distance - the distance travelled by a vehicle in
the time it takes for the driver to think and brake.
Terminal velocity - The velocity reached by an object
when the drag force on the object is equal and opposite to
the force making it move.

Thinking distance - the distance travelled by the vehicle
in the time is takes the driver to react.

Vector - A vector is a physical quantity that has
magnitude and direction (e.g. velocity).

Velocity - Speed in a given direction m/s)

interact
friction, air Magnetism,
resistance, stretching, | electrostatic force
push, and pull. and gravity.
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Gravity:

Gravity acts on all objects.

The bigger the mass, the stronger the force of gravity.

The closer fogether the objects, the stronger the force of gravity.

The force gravity causes is weight measured in Newtons.

F=mXg
Force (weight) = mass X strength of gravity

The strength of gravity is 10N/kg on Earth a

Drag 600 N

Mass and weight are different things. w
Mass is how much material makes up an object, measured in kilograms

(kg).
Weight is the force due to gravity in Newtons (N).

different then your weight will be differe

Your mass is the same everywhere in the uﬁer‘se, but if gravity is

A=
0

Weight 600 N

mmm  weight
.

driving force:
Il friction
B  air resistance

reaction force

Terminal velocity:
hen the resultant force

L

onanobject is ON it
continues travelling at a
constant speed/velocity.
This is called terminal
velocity.

E.g. when the forces of
weight and air resistance
on a skydiver are equal
they will be travelling at
constant speed: they're at
terminal velocity.




Forces
|1 Page 3

= =

F=mxa

Force (N) Mass (kg) Acceleration (m/s%)

mass X acceleration

30 mph 20 !ft 75 ft g
(13 m/s) (22.5 m) (1ft=0.30m)

22 /<) O 25 1
(22 m/s) (52.5 m)

70 mph|
(31 m/s)

315 ft
ot —@6 m

thinking distance braking distance

Figure 2 Stopping distances

Reaction time: The fime taken to respond to a| | Braking distance: Adverse road

stimulus.

Tiredness, alcohol, and drugs af fect conditions (wet or ice roads increase the

the brain and increase reaction time. All these braking distance (less friction) as does a
factors increase reaction time (thinking poorly maintained car (worn brakes and
distance = speed x reaction time). tyres; decreased friction).

59 ‘E

Initial acceleration

Stopping distances

Equal to the total of the thinking and braking distance.

Thinking distance: the distance travelled by the vehicle in the time it takes the driver to
react (the driver's reaction time)

Braking distance: the distance travelled by the vehicle during the time the braking force acts.

W\

Terminal velocity

==

Between A and B

The object accelerates at first because of the force of gravity. Its speed
increases. The resultant force acts downwards because frictional force acting
against it is less than the weight of the object.

Between B and C

The object is still accelerating but its acceleration decreases as time goes by. Its
speed still increases but by a smaller amount as time goes by. The resultant force
still acts downwards but is decreasing. This is because frictional force acting
against it is increasing as the speed increases, but is still less than the weight of
the object.

Between C and D

The object is not accelerating any more. It has reached its ferminal velocity and is
falling at a steady speed. The resultant force is zero because the frictional force
acting against it is now the same as the weight of the object.

Take care: the object does not stop falling once its resultant force is zero (unless
it has hit the ground!).
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Dis and displacement

Distance is scalar (the journey below) and
displacement is a vector (distance in a certain
direction)

"\  bus route

bus stop

displacement

Velocity Time Graphs

Gradient = acceleration.

Flat sections are where the object is at a steady speed.
A curve means a change in acceleration.

P Velocity (m/s)

Steady speed

Increasin
Steady speed | b

acceleration

Constant
deceleration
Constant
acceleration
> Time (s)
AX

Speed and velocity

Velocity is speed in a certain direction. A car travelling
north at 30 mph has a different velocity that a car
travelling south at 30 mph

An object moving in a circle has the direction of motion
that con‘rim}eqsly changes as it goes round. So its
velocity is not constant even if it's speed it as it

changes direction. a = change in velocity ::>

/ distance time

-'.-.. lh‘.\"'\.

i N a=v-u
£ N

/ speed X time % t

{):"ra \\ v= final velocity u= initial velocity

Distance Time Graphs
Gradient = speed (The steeper the line, the faster the object).

Flat sections are where the object has stopped.
Curves mean acceleration or deceleration.

A - .
Distance (m) Decelerating

Stopped Accelerating

Steady speed

Time (s) =




Forces Elastic energy: some objects store elastic potential energy because when stretched they

Page 5 return to their original shape; elastic band and squash ball.
To change the shape two forces need to applied in opposite directions.
fixed ruler Investigating elasticity

lastic behaviour is
hown by the
straight line. Plastic
(inelastic)
behaviour is shown
by the curve. P is
the limit of
~ proportionality
Extension (elastic limit).

% %

1. Setup apparatus as diagram

Force

2. measure natural length of spring
(with no load) using mm ruler

Stape (to .
mark erid @ - Add one mass at a time, allow
l spring to come to rest and measure

of spring) | extension (CHANGE IN LENGTH
from original to stretched)

Elastic behaviour is when an object
returns to normal when the forces are
removed (like a spring). Plastic (or
inelastic) behaviour is when an object
doesn't return to normal (like a broken
spring or Play-Doh).

i

u W=Fxd

== hanging
mass | 4. Do this seven times for enough
measurements

5. Repeat experiment for reliability

E 1 and calculate average value for
each weight

weighte%stand

VA
Hooke's law

The extension of a spring is —
directly proportional to the B

) W is the work done in joules, J
[ F = kx F is the force applied in newtons, N
d is the distance moved, m

Energy transfers take place during

force applied, as long as its limit I' = Force applied on the spring | work.
of proportionality's not k = spring constant For example, the work done in lifting
exceeded. an object causes an increase in

X = extention of the spring
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1. Draw a force diagram of a moving car which is:
a) Accelerating
b) Decelerating
c) At constant speed

2. Name 3 vector quantities and 3 scalar quantities. How do you know which is
which?
3. Which 2 things make up a car's stopping distance?
4, Why does drinking alcohol affect stopping distance?
5. Draw the direction each of the following objects will move.
10N N 10N

10N 10N 1N

if””

10N 11N
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For each of the following sketch a force diagram and explain what will happen to
the object’s speed.

a) A skydiver has jumped out of a plane. The skydiver's weight is 750N
and the force due to air resistance is 45N.

b) The skydiver has been falling for a while. Their weight is still 750N
but air resistance has now increased to 750N.

c) The skydiver opens their parachute. Air resistance increases to
1250N while their weight remains the same.

What is the difference between distance and displacement?

For each of the following lines, measure (using a ruler in cm) what the distance
travelled is and what the displacement is.

(Hint: Distance is the measurement along the lines. Displacement is just the measurement from one end to
the other ignoring the shape of the line).

/
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9. Some blocks have been places on different planets where they experience
different forces of gravity.

For each of the rows of blocks below:
a) Which block has the largest mass?
b) Which block has the largest weight?

10N 1N g
80kg

18N
10kg

101N

62kg askg 10kg 2kg
76N | 34N N | 19N | 143N |
10. Use the equation linking mass, weight and gravitational strength for these

questions:
a) How much will a 40kg dog weigh on Earth?
b) How much will the same dog weigh on the Moon (g=1.6N/kg)?
c) What is the gravitational strength if a 200kg object weighs 3000N?
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12.

13.

14,

15.

16.

FORCES

Sketch a distance time graph for a journey of your choice. Include periods of;
acceleration, constant speed, deceleration, not moving.

Sketch a velocity time graph for the same journey as you used in question 11.

How does a speed camera use 2 photographs and the lines on the road to
measure the speed of a moving vehicle?

What units do we use for:
a) Speed/velocity?
b) Acceleration/deceleration?
c) Time?
d) Weight?
e) Distance?
f) Mass?

How fast is a horse running which travels 40m in 2.2s?

What is Hooke's Law?
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