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NEWTON'S LAWS AND APPLICATION OF NEWTON'S LAWS.

EXAMINATION GUIDELINES:

Newton's laws and application of Newton's laws
(This section must be read in conjunction with the CAPS, p. 62—66.)

Different kinds of forces: weight, normal force, frictional force, applied force (push,
pull), tension (strings or cables)

Define normal force, N, as the force or the component of a force which a surface exerts
on an object with which it is in contact, and which is perpendicular to the surface.
Define frictional force, f, as the force that opposes the motion of an object and which
acts parallel to the surface.
Define static frictional force, fs, as the force that opposes the tendency of motion of a
stationary object relative to a surface.
Define kinetic frictional force, f,, as the force that opposes the motion of a moving object
relative to a surface.
Know that a frictional force:
o Is proportional to the normal force
o Is independent of the area of contact
o Is independent of the velocity of motion
Solve problems using f7® = psN where 7' is the maximum static frictional force and
Msis the coefficient of static friction.
NOTE:
o If a force, F, applied to a body parallel to the surface does not cause the object to
move, F is equal in magnitude to the static frictional force.
The static frictional force is a maximum (f7'®) just before the object starts to move
across the surface.
o If the applied force exceeds f'®*, a resultant (net) force accelerates the object.
Solve problems using fy = ukN, where f, is the kinetic frictional force and i the
coefficient of kinetic friction.

Force diagrams, free-body diagrams

Draw force diagrams.

Draw free-body diagrams. (This is a diagram that shows the relative magnitudes and
directions of forces acting on a body/particle that has been isolated from its
surroundings)

Resolve a two-dimensional force (such as the weight of an object on an inclined plane)
into its parallel (x) and perpendicular (y) components.

Determine the resultant/net force of two or more forces.

Newton's first, second and third laws of motion

State Newton's first law of motion: A body will remain in its state of rest or motion at
constant velocity unless a non-zero resultant/net force acts on it.

Discuss why it is important to wear seatbelts using Newton's first law of motion.

State Newton's second law of motion: When a resultant/net force acts on an object, the
object will accelerate in the direction of the force at an acceleration directly proportional
to the force and inversely proportional to the mass of the object.

Draw force diagrams and free-body diagrams for objects that are in equilibrium or
accelerating.
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EXAMINATION GUIDELINES:

Apply Newton's laws of motion to a variety of equilibrium and non-equilibrium problems
including:
o A single object:

- Moving on a horizontal plane with or without friction

- Moving on an inclined plane with or without friction

- Moving in the vertical plane (lifts, rockets, etc.)
o Two-body systems (joined by a light inextensible string):

- Both on a flat horizontal plane with or without friction

- One on a horizontal plane with or without friction, and a second hanging

vertically from a string over a frictionless pulley

- Both on an inclined plane with or without friction

- Both hanging vertically from a string over a frictionless pulley
State Newton's third law of motion: When object A exerts a force on object B, object B
SIMULTANEOUSLY exerts an oppositely directed force of equal magnitude on object
A.
Identify action-reaction pairs.
List the properties of action-reaction pairs.

Newton's Law of Universal Gravitation

State Newton's Law of Universal Gravitation: Each body in the universe attracts every
other body with a force that is directly proportional to the product of their masses and

inversely proportional to the square of the distance between their centres.
Gmym,

r2

Solve problems using F =

Calculate acceleration due to gravity on a planet using g=G—2m.

r
Describe weight as the gravitational force, in newton (N), exerted on an object.
Describe mass as the amount of matter in a body measured in kilogram (kg).
Calculate weight using the expression w = mg.
Calculate the weight of an object on other planets with different values of gravitational
acceleration.
Explain weightlessness as the sensation experienced when all contact forces are
removed i.e. no external objects touch one's body. For example, when in free fall, the
only force acting on your body is the force of gravity that is a non-contact force. Since
the force of gravity cannot be felt without any other opposing forces, you would have no
sensation of it and you would feel weightless when in free fall.
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IMPORTANT TERMS & DEFINITIONS:

NEWTON'S LAWS AND APPLICATION OF NEWTON'S LAWS

Normal force (N)

The force or the component of a force which a surface exerts on
an object with which it is in contact, and which is perpendicular
to the surface.

Frictional force (f)

The force that opposes the motion of an object and which acts
parallel to the surface.

Static frictional
force (fs)

The force that opposes the tendency of motion of a stationary
object relative to a surface.

kinetic frictional
force(fk),

The force that opposes the motion of a moving object relative to
a surface.

NEWTON'S FIRST, SECOND AND THIRD LAWS OF MOTION

Newton's first law
of motion

A body will remain in its state of rest or motion at constant
velocity unless a non-zero resultant/net force acts on it.

Newton's second
law of motion

When a resultant/net force acts on an object, the object will
accelerate in the direction of the force at an acceleration directly
proportional to the force and inversely proportional to the mass
of the object.

Newton's third law
of motion

When object A exerts a force on object B, object B
SIMULTANEOUSLY exerts an oppositely directed force of equal
magnitude on object A.

NEWTON'S LAW OF UNIVERSAL GRAVITATION

Newton's Law of
Universal
Gravitation

Each body in the universe attracts every other body with a force
that is directly proportional to the product of their masses and
inversely proportional to the square of the distance between
their centres.

Weight

The gravitational force, in newton (N), exerted on an object.

Mass

The amount of matter in a body measured in kilogram (kg).

Weightlessness

The sensation experienced when all contact forces are removed
i.e. no external objects touch one's body.

FORMULAE TABLE:

p=mv

fe =N

w=mg

M
g =G E?r/of
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Newton’s first Law of motion

A body will remain in its state of rest or motion at constant velocity unless a
non-zero resultant/net force acts on it.

A body remains in  [¢—— A body continues to
its state of rest move with a

l [ All forces are balanced ] constant velocity

!

vi=vi=0m.s There is no change in velocity (Vi = vy)
Acceleration = 0 m.s Acceleration = 0 m.s™
Resultant force =0 N Resultant force = 0

Newton’s Second Law:

When a resultant/net force acts on an object, the object will accelerate in the
direction of the force at an acceleration directly proportional to the force and
inversely proportional to the mass of the object.

v

A net force acts on an object. Fret Z0 N
Forces acting on the object are not balanced
Net force cause the object to accelerate in the direction of the
force. Acceleration and net force go in the same direction.

There is a change in velocity (vi # vs)
a # 0m.s?

/ \ Fret = Ma / ) \

aakF,q T

The greater the net force, The bigger the mass, the smaller
the greater the acceleration. the acceleration. The smaller

The smaller the net force the mass, the greater the
the smaller the acceleration acceleration.

N Y, ~ -,
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LEARNER & TEACHER MANUAL
TOPIC: Newton's laws and application of Newton's laws. \ Duration: 2 hours

Key Concepts:

. Newton’s Second law of motion.

. Free-body diagram.

. Solving problems using simultaneous equations.
. Application of Newton's laws.

EXAMPLE 1

A block of mass 2 kg is at rest on a rough horizontal suface. The block is connected to
another block of mass 1,5 kg by means of a light inextensible string which hangs over a
frictionless pulley. The 2 kg block experiences a constant frictional force of 3,1 N when a
force of 20 N is applied to the block as shown in the diagram below. Ignore the effects of
air friction.

2kg ——»20N

EEEE h
—|
1,5 kg

Define the term kinetic frictional force.

Draw a labelled free-body diagram indicating ALL the forces acting on the 2 kg
block. (5)

Apply Newtons’ Second Law to each of the blocks and calculate the magnitude of
the acceleration of the blocks. (6)

Calculate the magnitude of tension in the string. (2)

[15]
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SOLUTIONS 1

1.1 The force that opposes the motion of a moving object v'v" relative to a surface

1.2 | Accepted labels

W Fg / Fw/force of earth on block/weight / 19,6 N / mg / gravitational force
fk f/friction/

Tension /

Fapp [ Fr

Normal force / Fn / Force of surface on block

N v
Notes:

* Any additional forces: max /¢
e No arrows: 0/5

Force(s) not touching object: max 4/5

v For either
For 2 kg block: 2aorl,5a For 1,5 kg block:

Fnet = ma v Fret = ma
F-T-f=2a ; 8) =1,5a
20-T-3,1=2av T-14,7 v =15a
16,9-T v =2a T=15a+ 14,7
T=16,9-2a

~16,9—-2a=15a+14,7 v
2,2 =35a
a=0,63m-s2v

OR

T=16,9-2a
T=15a+147

0=2,2-3,5a (subtract)
a= 063m-s?v

T=16,9-2a T=15a+ 147
T=169-2(063) T=1,5(0,63)+14,7 v

T=15.64 T=1564 ,

v
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ACTIVITY 1

Trolley A of mass 5kg is placed on the horizontal board. It is connected to block B
of mass 2kg by a light, inextensible string over a frictionless pulley as shown in the
diagram below. Ignore any effects of air resistance.

|A5kg e

State Newton’s Second Law of motion.

Draw a labelled free-body diagram indicating ALL the forces
acting on the 2kg block

Assuming no frictional force acts between the wheels of the trolley
and the surface. Calculate:

1.3.1 The magnitude of the acceleration of the trolley.

1.3.2 The tension in the string.
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ACTIVITY 2

The diagram below shows a 10 kg block lying on a flat, rough, horizontal surface of
a table. The block is connected by a light, inextensible string to a 2 kg block hanging over the
side of the table. The string runs over a light, frictionless pulley. The blocks are stationary.

table surface

10 kg @

2.1 State Newton's FIRST law of motion in words.

2.2 Write down the magnitude of the NET force acting on the 10 kg block.

When a 15N force is applied vertically downwards on the 2 kg block, the 10 kg block
accelerates to the right. The coefficient of kinetic friction between the 5 kg block and the
the surface of the table is 0,21. Ignore the effects of air friction.

2.3 Draw a free-body diagram for the 2 kg block when the 15 N force is applied

to it.

2.4 Calculate the magnitude of tension in the string.
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EXAMPLE 2

A 5 kg block, resting on a rough horizontal table, is connected by a light inextensible string
passing over a light frictionless pulley to another block of mass 2 kg. The 2 kg block hangs
vertically as shown in the diagram below.
A force of 60 N is applied to the 5 kg block at an angle of 10° to the horizontal, causing the
block to accelerate to the left.

60 N

5 kg

The coefficient of kinetic friction between the 5 kg Block and the surface of the table
is 0,5. Ignore the effects of air friction.

2.1 Draw a labelled free-body diagram showing ALL the forces acting on the 5 kg block.

2.2 Calculate the magnitude of the:
221 Vertical component of the 60 N force
2.2.2 Horizontal component of the 60 N force
2.3 State Newton's Second Law of Motion in words.
Calculate the magnitude of the:
2.4 Normal force acting on the 5 kg block

2.5 Tension in the string connecting the two blocks
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SOLUTIONS 2

T

2.1

Accepted labels

F,/ Fw/ weight / mg / gravitational force

F+ / tension

Fa/ Feo/ 60 N / Fagpiiea / Fi/

Fn

F

v
w

F60y = Fso sinB }
F60y = 60sin10°
= 10,42 NV

OR Fgoy = 60c0s80°

Feov = FeocosO } v

Fsox = Fso COSO
Feox = 60cos10°
=59,09N v

OR Feox = 60sin80

F60X = FBQSine }\/

When a resultant/net force acts on an object, the object will accelerate in the

direction of the force at an acceleration di

rectly proportional to the force v" and

inversely proportional to the mass of the object. v’

POSITIVE MARKING FROM 3.2.
N = mg — F60y %
N = {5(9,8) — 10,42}

=38,58 N v

OR
Fy+N=
N=w-F,=mg-F, }/
[(5)(9,8) — 10,42]
=38,58 N v

POSITIVE MARKING FROM 3.2.2 AND 3.4.
Fret = ma
T-m,g = mya
T-2(9,8) =2a
T-19,6 v=2a
Feox=(f+ T) = mga
60c0s10° — (f + T) = 5a.
60c0s10° — [(N) v +T)] = 5a~
59,09 — (0,5 x 38,58) —T v'=5a
398-T=

= 2,886 ms™

T-19,6=2(2,886) v
T=2537NvV

OR

From equation (2)
T=2537N

OR

59,09-19,29 —T =5a
7TT-1776=0V
T=2537NV

OR 60 sin 80° —[f +T) = 5a
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ACTIVITY 3

A 5 kg block, resting on a rough horizontal surface, is connected by a light
inextensible string passing over a light frictionless pulley to a second block of
mass 3 kg hanging vertically.

An applied force F is acting on the 5 kg block as shown in the diagram below
and the coefficient of kinetic friction between the 5 kg block and the surface is
0,2.

The 5 kg block accelerates to the left.

\
2] 5 ig

Define the term frictional force.
Calculate the magnitude of the:

3.2.1 Vertical component of F if the magnitude of the horizontal
component of F equals 38 N

3.2.2 Normal force acting on the 5 kg block
State Newton’s Second Law of motion.

Draw a labelled free-body diagram to indicate all the forces acting
on the 3 kg block.

Calculate the magnitude of the tension in the string connecting the
two blocks.
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ACTIVITY 4

A block of mass 2 kg is connected with a light inextensible string that is hanging over a
frictionless pulley, to another block of mass X kg. A force of 20 N is applied to the right

at an angle of 20° to the horizontal on the 2 kg block while the block accelerates at 4
m-s™ to the left.

The coefficient of kinetic friction between the 2 kg block and the surface is 0,2, Ignore
the effects of air friction.

4.1 Draw a labelled free-body diagram indicating ALL the forces acting on the
2 kg block. (5)

4.2. Calculate X, the mass of the hanging block. (8)
[13]
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EXAMPLE 3

A block of mass 1 kg is connected to another block of mass 4 kg by a light inextensible
string. The system is pulled up a rough plane inclined at 30° to the horizontal, by means of
a constant 40 N force parallel to the plane as shown in the diagram below.

40 N

The magnitude of the kinetic frictional force between the surface and the 4 kg block
is 10 N. The coefficient of kinetic friction between the 1 kg block and the surface

is 0,29. _ o
State Newton's third law of motion in words.

3.1
Draw a labelled free-body diagram showing ALL the forces acting on the

32 1 kg block as it moves up the incline.

Calculate the magnitude of the:

3.3.1 Kinetic frictional force between the 1 kg block and the surface

3.3.2 Tension in the string connecting the two blocks
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SOLUTIONS 3

3.1 When body A exerts a force on body B, body B exerts a force of egual
magnitude v in the opposite direction v'on body A. 2)

3.2 P '¢

Accepted labels
Ve Fq / Fu /force of earth on block / weight / mg /
f L
gravitational force
Normal force/Fy
Tension / Fy
Frictional force / F;

OPTION 1
For the 1 kg block
fic = MkN
= Pk mgcosBv’
=0,29 (1 x 9,8 cos 30%) v
= 2,46 Nv’

OPTION 2
BY PROPORTION:
The smaller mass = ¥ of the larger massv’

- frictional force =% (10) v
=25Nv

OPTION 1
F et = mav

For 1 kg block .

Fa—{(T+fy) + mgsinB} = ma

40— {T + 2,46 + 1(9,8)(sin30%)}v=(1 x)a v
40-T-7,36=a
3264-T=a

For 4 kg block )

T —(mg sing + f,) = 4a

T —(4 x 9,8 sin30°% + 10) = 4av

T-296=4a.....(02)

From (1) and 52]

a=061m=s

T =296+ (4(0,61) v

T= 32,04 Nv
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ACTIVITY 5

A block of mass 4 kg is connected to another block of mass 2 kg by a light,
inextensible string. The system is pulled up a rough plane, inclined at 30° to the
horizontal, by means of a constant force of 73,8 N parallel to the plane, as shown in
the diagram below.

@’@

30°

The magnitude of the kinetic frictional force on the 4 kg block is 20 N. The coefficient
of kinetic friction applicable to the 2 kg block is 0,589.

5.1

5.2

5.3

5.4

5.5

5.6

Define the concept frictional force.
State Newton's second law of motion in words.

Draw a free-body diagram, with labels, showing ALL the forces acting on
the 4 kg block as it moves up the incline.

Calculate the magnitude of the kinetic frictional force on the 2 kg block.

Calculate the tension in the string that connects the two blocks.
The system is pulled up the rough incline once more, but this time the two

blocks are swapped as indicated below. How will this influence each of the
following? Choose your answer from DECREASES, REMAINS THE SAME

or INCREASES. 73.8 N

The acceleration of the 2 kg block

30°

The force of friction on the 4 kg block

The tension in the string
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WORK, ENERGY & POWER

EXAMINATION GUIDELINES:

Work, Energy and Power
(This section must be read in conjunction with the CAPS, p. 117-120.)

Work

Define the work done on an object by a constant force F as F Axcos6, where F is the
magnitude of the force, Ax the magnitude of the displacement and 6 the angle
between the force and the displacement. (Work is done by a force on an object — the
use of 'work is done against a force', e.g. work done against friction, should be
avoided.)

Draw a force diagram and free-body diagrams.

Calculate the net/total work done on an object.

Distinguish between positive net/total work done and negative net/total work done on
the system.

Work-energy theorem

State the work-energy theorem: The net/total work done on an object is equal to the
change in the object's kinetic energy OR the work done on an object by a resultant/net
force is equal to the change in the object's kinetic energy.

In symbols: Wt = AK = K¢ - K.

Apply the work-energy theorem to objects on horizontal, vertical and inclined planes
(for both frictionless and rough surfaces).

Conservation of energy with non-conservative forces present

Define a conservative force as a force for which the work done in moving an object
between two points is independent of the path taken. Examples are gravitational force,
the elastic force in a spring and electrostatic forces (coulomb forces).

Define a non-conservative force as a force for which the work done in moving an object
between two points depends on the path taken. Examples are frictional force, air
resistance, tension in a chord, etc.

State the principle of conservation of mechanical energy: The total mechanical energy
(sum of gravitational potential energy and kinetic energy) in an isolated system remains
constant. (A system is isolated when the resultant/net external force acting on the
system is zero.)

Solve conservation of energy problems using the equation: W, = AE + AE,

Use the relationship above to show that in the absence of non-conservative forces,
mechanical energy is conserved.

Define power as the rate at which work is done or energy is expended.

In symbols: P = w
At

Calculate the power involved when work is done.

Perform calculations using P...= Fvae When an object moves at a constant speed along

a rough horizontal surface or a rough inclined plane.

Calculate the power output for a pump lifting a mass (e.g. lifting water through a height

at constant speed).

JENN TRAINING & CONSULTANCY: GRADE 12 WINTER CLASSES




IMPORTANT TERMS & DEFINITIONS:

The work done on
an object by a
constant force F

The work done on an object by a constant force F where F
Ax cos 08 F is the magnitude of the force, Ax the magnitude
of the displacement and 6 the angle between the force and
the displacement

The work-energy
theorem

The net/total work done on an object is equal to the change
in the object's kinetic energy OR the work done on an
object by a resultant/net force is equal to the change in the
object's kinetic energy.

Conservative force

A force for which the work done in moving an object
between two points is independent of the path taken.

Non-conservative
force

A force for which the work done in moving an object
between two points depends on the path taken.

The principle of
conservation of
mechanical energy

The total mechanical energy (sum of gravitational potential
energy and kinetic energy) in an isolated system remains
constant.

Power

The rate at which work is done or energy is expended.

FORMULAE TABLES:

FORCE

Fet = Mma

p=mv

fsM& = psN

fk = pkN

FeAt=Ap

w=mg

Gm m,

M
g=G

WORK, ENERGY AND POWER

W =FAx cosf

U= mgh or/ofE, =mgh

1

K==mv? or/of E, P
2 2

W, = AK orfof wW__ = AE,

AK =K, —K, orlof AE, =E, —E,

W,. = AK +AU or/of w,_ = AE, + AE,

_w
At

P, =Fv

av
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Positive work

v

W=Fi20e™ A

v

A force (F) acts in
the direction of
displacement( ¢z;

Zero work

l

Force acts at J0to
the displacement

Net work done
(Whet)

L d

Negative work

A force (F) acts in
the opposite
direction to the
displacement( ¢z;

Positive net work
done

Sum of positive and
negative work done
by al forces

Increasein
kinetic energy of
system

Work-energy
Theorem

W 'K

net

Negativenet
work done

|

Decrease in
kinetic energy of
system.
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LEARNER & TEACHER MANUAL

TOPIC: Work, energy and power \ Duration: 3 hours: 15 min

Key Concepts:

. Work.

. Free-body diagrams.

. Work - Energy theorem.

. Conservative and non-conservative forces.

. Principle of conservation of mechanical energy
. Power

EXAMPLE 1

Initially, a block of mass 5 kg has a speed of 10 m.s* at point A and moves along a ROUGH
horizontal surface AB, 6 m long. The block continues to move along a SMOOTH inclined
plane, at an angle of 20° to the horizontal. The block finally comes to rest at point C. The
magnitude of kinetic frictional force acting on the block along AB is 15 N.

Draw a labelled free-body diagram indicating all the forces acting on the block as it
moves from A to B. 3)

Use energy principles to calculate the speed of the block at point B. (5)
Write the principle of conservation of mechanical energy in words. (2)

Use conservation of mechanical energy to determine the distance d moved by the

block on the inclined plane. (5)
[15]
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SOLUTIONS 1

Wnet = AEk 3
f, Axcos@ = %mv? e mv;

)3

3 o _Liace Loy
(5)(6) cos180° = E(6)vf —5(6)(0

~90=3v2 -0
v, =5.48ms™ 3

3
3
The total mechanical energy of an isolated system remains constant.

(@)

(Emech)B = (Emech)C

(mghjL%mvz)B = (mthr%mvz)C
1,.,.3 p 3
(6)(9-8)?0) 3 (6)(5.48") = (6)(9.8)h + > (6)(0%)
90.09 =58.8h
h=1.53m
153
sin 20°
d=4.47m 3
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