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Newton'sFirst Law
+ Newton's First Law states:

A body will remain at rest ormove with constant velocity unless actedonby a
resultant force

+ Ifthe forces on a body are balanced (the resultant force is 0), the body must be either:
o Atrest
@ Moving at a constantvelocity

+ Sinceforceis avector,itis easierto split the forces into horizontal and vertical forces
+ Iftheforces arebalanced:

= Theforces tothe left = the forces to the right

¢ The forces up =theforces down

* Theresultant force is the single force obtained by combining all the forces on the body

*> Worked Example
[ ]

If there are no external forces acting on the car, other than friction, anditis moving
ataconstant velocity, whatis the value of the frictional force F?

Frictional force F =7 Driving force D = 6 kN

b — ——

SINCE THE CAR IS MOWING AT CONSTANT WELOCITY, THERE IS NO
RESULTANT FORCE.

THIS MEANS THE DRIVING AND FRICTIONAL FORCES ARE BALANCED.

F IS ALSO EQUAL TO EEkN
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Newton's Second Law
* Newton's SecondLawstates that:
The resultant force on an objectis equal toits rate of change in momentum.

» This changein momentum is in the same direction as theresultant force
« Or,inotherwords:

The resultant force onan object with constant massis directly proportional toits
acceleration.

= This changein momentum is in the same direction as the resultant force
« This can also bewritten as:

F=ma
RESULTANT FORCE th@) &E ACCELERATION (ms2)

+ This relationship means that objects will accelerate if thereis a resultant force actingupon
them
« These two definitions are derived from the definition of momentum as follows:

Momentum p = mv

i ol ks ; " Ap _  Av
ate of change in momen um_ﬂt = mﬂ._t
F F —

r =m
orce \ At
v
n = = F=
Since a A ma

* Anunbalanced force on a body means it experiences a resultant force
o Iftheresultant forceis along the direction of motion, it willspeed up (accelerate) or
slow down (decelerate) the body
o Iftheresultant forceis at an angle, it will change the direction of the body
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% Worked Example
L
Agirlis riding her skateboard down the road andincreases herspeed from Ims'to

4msin2.5 s Iftheforce driving her forward is 72 N, calculate the combined mass
of the girlland the skateboard.

v, =1ms? V; =4 ms!

STEP 1 NEWTON'S SECOND LAW STATES THE
RESULTANT FORCE 1S EQUAL TO THE
RATE OF CHANGE 'IN“MOMENTLUM

a2k

FM

STEP 2 | FIND GHANGE siN:MOMENT UM ap
aAp= FINAL IMOMENTUM - INITIAL MOMENTUM

AP = my; = My,

SIEF 3 SUBSTITUTEDALL WVALUES INTO NEWTON'S SECOND TAW
mi4 =1

72N T —
2.3

MASS m IS CONSTANT SO
CAN BE TAKEN OUT AS FACTOR

STEP 4 REARRANGE FOR MASS m

7225
o e

3 =60 kg

Resultant Force
+ Sinceforceis avector, every force on a body has amagnitude and direction
« Theresultant force is, therefore, the vector sum of all the forces acting on the body

« Thedirection is given by either the positive or negative direction as shown in the examples
below
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+DIRECTION RESULTANT FORCE

—

30N —— 30N -ON
30N —— 50N - 20N
ON —— 40N-10N
40N 30N ZHON ——— 30N - 40N

;

Resultant forces on a body can be positive or negative depending on their direction

+ Theresultant force could also beat an angle, inwhich case addition of vectors with
calculation or scale drawing is used to find the magnitude and direction of the resultant
force

Acceleration
= Since acceleration is a vector, it can be either positive or negative depending on the
direction of the resultant force
o [ftheresultant forceis in the same direction as the motion of an object, the
acceleration is positive
o |ftheresultant forceisin the opposite direction to the motion of an object, the
accelerationis negative

» An object may continuein the same direction however with a resultant force in the opposite
direction to its motion, it will slow down and eventually come to a stop
+ If dragforces areignored, or severely reduced, the acceleration is independent of the
mass of an object
o This has been shown in experiments by astronauts who have dropped a featherand a
hammer on the Moon from the same height
o Boththehammerandfeather drop to the Moon's surface at the same time
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) Worked Example
= Arocket produces anupward thrustof 15 MN and has aweight of 8 MN.
A. Wheninflight, the force dueto airresistance is 500 kN.
Whatis the resultant force on the rocket?

B. Themass ofthe rocketis 0.8 x 105 kg.

Calculate the acceleration of the rocket and the direction its goingin.

A. STEP 1 DRAW A DIAGRAM WITH THE FORCES IN THE
RIGHT DIRECTION

500 kN 15 M
AlIR RESISTANCE UPWARD THRUST

8 MN J’ WEIGHT

STEP 2 CALCULATE THE RESULTANT FORCE ON THE

ROCKET
F=15MN - (SO0 kN + 8 MN)
L ey )
UPWARD FORCES DOWNWARD FORCES

UNIT CONVERSIONS: 41kN=1x10’N AMN = 1 = 10°N

STEP 3 CONVERT ALL WALUES TO THE SAME UNITS
(NEWTONS)

F =15 x10°N - (500 x 10°N + 8 =10°N)

F =6.5=10°N

F=6.5MN UP‘\-‘\E\AHDS

\E IN THE POSITIVE DIRECTION
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B. STEP 1 NEWTONS SECOND LAW

F = ma

STEP 2 REARRANGE FOR ACCELERATION a

quﬁ

STEP 3 SUBSTITUTE IN VALUES FOR F AND m

&
= 6.5+ 10°N = B1ms? UPWARDS

ACCELERATION IS ALWAYS IN_THE SAME
DIRECTION AS THE RESULTANTFORCE

) ExamTip

The direction you consider positive is your choice, as long as the signs of the
numbers (positive or negative) are consistent throughout the question.ltis a general
rule to consider the direction the objectisinitially travelling in as positive. Therefore
allvectors in the direction of moticn will be positive and opposing vectors, such as
dragforces, will be negative,

Newton's Third Law
+* Mewton's Third Law states:

If body A exerts a force on body B, then body B will exert a force on body A of equal
magnitude but in the opposite direction

+ This means that every force has a paired equal and opposite force
o Newton's Third Law force pairs must act on two different objects
@ Newton's Third Law force pairs must also be of the same type e.g. gravitational or
frictional
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? Worked Example

Using Newton's third law describe why when a balloon is untied, it travels in the

opposite direction.
TE

g
I

%g %&K{y

THE AR INSIDE THE BALLOON WILL RUSH OUT WITH
THE FORCE F,.

THIS WILL PRODUCE AN EQUAL AND OPPOSITE FORCE
ON THE BALLOON F, FORCING THE BALLOON TO MOVE
THROUGH THE AIR IN THE OQOPPOSITE DIRECTION.
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O Exam Tip
- Youmay have heard Newton's Third Law as: ‘For every actionis an egualand

opposite reaction’. However, try and avoid using this definition sinceitis unclearcn
what the forces are acting on and can be misleading.

SCENARIO 1:

NOT A NEWTON'S THIRD LAW PAIR SINCE BOTH FORCES
ARE ACTING ON THE SAME OBJECT - THE BOOK

}\FN
FROM NEWTON'S 4st LAW,
SINCE THE BOOK IS STATIONARY, F=_F
THE FORCES ON IT MUST BE RS
IN EQUILIBRIUM vF,
SCENARIO  2:

THESE ARE NEWTON'S THIRD LAW PAIRS SINCE
BOTH FORCES ARE ACTING ON DIFFERENT OBJECTS

F, IS THE UPWARDS
FORCE OF GRAVITY
CAUSED BY THE BOOK

ON “THE EARTH

Fa |SHTHEFDOWNWARDS
FORCE- OF GRAVITY
CAUSED BY THE EARTH

ON THE BOOK

F, IS THE FORCE EXERTED BY Re IS THE FORCE
THE GROUND ON THE PERSON, EXERTED BY THE
PUSHING THEM FORWARD PERSON ON THE
WHILST WALKING GROUND

Newton's Third Law force pairs are only those that act on different objects
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