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HOW TO USE THIS DOCUMENT

Dear Grade 12 Learner

1.

This document was compiled as an extra resource to help you to perform well in Physical
Sciences.

Firstly, you must make sure that you study the terms and definitions provided for each topic.
Theory always forms part of any test or examination, and you should ensure that you obtain full
marks for ALL theory questions. Always be prepared to write a test on terms and definitions as
soon as a topic is completed in class. Revise terms and definitions of topics already completed
frequently so that you know them by the time you are sitting for a test or an examination.

Answer all the questions on a certain topic in your homework book as soon as the topic is
completed. DO NOT look at the answers before attempting the questions. First try it yourself.
Compare your answers with the answers at the back of the document. Mark your work with a
pencil and do corrections for your incorrect answers. If you do not know how to answer a
question, the answers are there to guide you. Acquaint yourself with the way in which a particular
type of question should be answered. Answers supplied are from memoranda used to mark the
questions in previous years.

Your teacher can, for example, give you two of the questions in this document as homework. The
following day he/she will just check whether you answered them and whether you marked your
answers. The teacher will only discuss those questions in which you do not understand the
answers supplied in the document. Therefore, a lot of time will be saved.

The answers at the back of the document are included to help you to prepare for your tests and
examinations. If you choose to copy answers into your homework book without trying them out
yourself, you will be the losing party in the end!

Work through all the questions and answers of a particular topic before you sit for an examination,
even if you answered the questions before.

Any additional resource is only of help when used correctly. Ensure that you make use of all help
provided in the correct way to enable you to be successful. All the best and may you perform very
well in Physical Sciences.

Credits
Dead battery image: ©Andreluiz Cunha from Pixabay.com
Brain image: ©Gerd Altmann from Pixabay.com
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TERMS AND DEFINITIONS

MECHANICS: NEWTON’S LAWS

Acceleration

The rate of change of velocity.

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.

Kinetic frictional force

(fi)

The force acting parallel to a surface and opposes the motion of a MOVING object
relative to the surface.

Mass

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

Maximum static
frictional force (f7 )

The static frictional force is a maximum (f7=*) just before the object starts to move
across the surface.

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.

Inertia

The resistance of a body to a change in its state of rest or uniform motion in a straight
line.
Mass is a measure of an object’s inertia.

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.

In symbols: Fret=ma

Newton’s third law of
motion

When object A exerts a force on object B, object B SIMULTANEOUSLY exerts a
force equal in magnitude but opposite in direction on object A.

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,

In symbols: F =
l.2

Normal force

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.

Static frictional force

(fs)

The force acting parallel to a surface and opposes the tendency of motion of a
STATIONARY object relative to the surface.

Weight

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

Weightlessness

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

MECHANICS: MOMENTUM AND IMPULSE

Contact forces

Contact forces arise from the physical contact between two objects (e.g. a soccer
player kicking a ball.)

Non-contact forces

Non-contact forces arise even if two objects do not touch each other (e.g. the force of
attraction of the earth on a parachutist even when the earth is not in direct contact
with the parachutist.)

Momentum

Linear momentum is the product of an object’'s mass and its velocity.
In symbols: p = mv Unit: N-s or kg'm-s'

Newton’s Second Law
of motion in terms of

The net (or resultant) force acting on an object is equal to the rate of change of
momentum of the object in the direction of the net force.

momentum
In symbols: Fret= —
Principle of The total linear momentum in an isolated system remains constant (is conserved).
conservation of linear | In symbols:  Zp,sore = ZPafter
momentum
Closed system A system in which the net external force acting on the system is zero.
Impulse The product of the resultant/net force acting on an object and the time the

resultant/net force acts on the object.

In symbols:  Impulse = FnetAt Unit: N's or kg:m-s

Impulse-momentum
theorem

In symbols: FnetAt = mAv = m(vs — vi) Unit: N's or kg'm-s"

Elastic collision

A collision in which both total momentum and total kinetic energy are conserved.

Inelastic collision

A collision during which kinetic energy is not conserved.
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MECHANICS: VERTICAL PROJECTILE MOTION

1-D motion

One-dimensional motion./Linear motion./Motion in one line.

Acceleration

The rate of change of velocity.
Symbol: a
Unit: meters per second squared (m-s2)

Gravitational
acceleration (g)

The acceleration of a body due to the force of attraction of the earth.

Displacement

Change in position.
Symbol: Ax (horizontal displacement) or Ay (vertical displacement)
Unit: meters (m)

Free fall

Motion of an objects under the influence of the gravitational force only.

Gravitational force

A force of attraction of one body on another due to their masses.

Position

Where an object is relative to a reference point.
Symbol: x (horizontal position) or y (vertical position)
Unit: meters (m)

Projectile An object which has been given an intial velocity and on which the only force acting is
the gravitational force/weight.
Velocity The rate of change of position.
Symbol: v Unit: meters per second (m-s™')
MECHANICS: WORK, ENERGY AND POWER
Work Work done on an object by a constant force is the product of the magnitude of the

force, the magnitude of the displacement and the angle between the force and the
displacement.

In symbols: W = F Ax cos 0

Positive work

The kinetic energy of the object increases.

Negative work

The kinetic energy of the object decreases.

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: Whet = AK = K - K.

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.)

In symbols: Ewmntiay = Emfina)  OR  (Ep + Ek)initial = (Ep + Ek)final

Conservative force

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).

Non-conservative force

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.

Power

The rate at which work is done or energy is expended.
In symbols: P = w
At

Unit: watt (W)

WAVES, SOUND AND LIGHT: DOPPLER EFFECT

Doppler Effect

The apparent change in frequency/pitch of the sound detected by a listener because
the sound source and the listener have different velocities relative to the medium of
sound propagation.

OR: The change in frequency/pitch of the sound detected by a listener due to relative
motion between the sound source and the listener.

Red shift Observed when light from an object increased in wavelength (decrease in frequency).
A red shift occurs when a light source moves away from an observer.

Blue shift Observed when light from an object decreased in wavelength (increase in frequency).
A blue shift occurs when a light source moves towards an observer.

Frequency The number of vibrations per second.
Symbol: f Unit: hertz (Hz) or per second (s')

Wavelength The distance between two successive points in phase.

Symbol: A Unit: meter (m)

Wave equation

Speed = frequency x wavelength
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ELECTRICITY AND MAGNETISM: ELECTROSTATICS

Coulomb's law

The magnitude of the electrostatic force exerted by one point charge on another point
charge is directly proportional to the product of the magnitudes of the charges and
inversely proportional to the square of the distance between them.
In symbols: F = kQ12Q2

r

Electric field

A region of space in which an electric charge experiences a force.

Electric field at a point

The electric field at a point is the electrostatic force experienced per unit positive
charge placed at that point.
F

In symbols: g== Unit: N-C-

Direction of electric
field

The direction of the electric field at a point is the direction that a positive test charge
would move if placed at that point.

ELECTRICITY AND MAGNETISM: ELECTRIC CIRCUITS

Ohm's law

The potential difference across a conductor is directly proportional to the current in the
conductor at constant temperature.

In symbols: R- v
I

Ohmic conductors

A conductor that obeys Ohm’s law i.e the ratio of potential difference to current remains
constant. (Resistance of the conducter remains constant.)

Non-ohmic conductors

A conductor that does not obey Ohm'’s law i.e the ratio of potential difference to current
does NOT remain constant. (Resistance of the conductor increases as the current
increases e.g. a bulb.)

Power

Rate at which work is done.

W

In symbols: P = o Unit: watt (W)

V2

R

Other formulae: P =VI; P=I’R; P=

kilowatt hour (kWh)

The use of 1 kilowatt of electricity for 1 hour.

Internal resistance

The resistance within a battery that causes a drop in the potential difference of the
battery when there is a current in the circuit.

emf

Maximum energy provided/work done by a battery per coulomb/unit charge passing
through it.
(It is the potential difference across the ends of a battery when there is NO current in
the circuit.)

Terminal potential

The energy transferred to or the work done per coulomb of charge passing through

difference the battery when the battery delivers a current.
(It is the potential difference across the ends of a battery when there is a current in
the circuit.)
ELECTRICITY AND MAGNETISM: ELECTRICAL MACHINES
Generator A device that transfers mechanical energy into electrical energy.

Faraday’s law of
electromagnetic
induction

The magnitude of the induced emf across the ends of a conductor is directly
proportional to the rate of change in the magnetic flux linkage with the conductor.
(When a conductor is moved in magnetic field, a potential difference is induced across
the conductor.)

Fleming’s Right Hand
Rule for generators

Hold the thumb, forefinger and second finger of the RIGHT hand at right angles to each
other. If the forefinger points in the direction of the magnetic field (N to S) and the thumb
points in the direction of the force (movement), then the second finger points in the
direction of the induced current.

Electric motor

A device that transfers electrical energy into mechanical energy.

Fleming’s Left Hand
Rule for electric motors

Hold the thumb, forefinger and second finger of the LEFT hand at right angles to each
other. If the forefinger points in the direction of the magnetic field (N to S) and the
second finger points in the direction of the conventional current, then the thumb will
point in the direction of the force (movement).

Coventional current

Flow of electric charge from positive to negative.

AC

Alternating current
The direction of the current changes each half cycle.
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DC

Direct current

The direction of the current remains constant. (The direction of conventional current is
from the positive to the negative pole of a battery. The direction of electron current is
from the negative to the positive pole of the battery.)

Root-mean-square
potential difference
(Vrms)

The root-mean-square potential difference is the AC potential difference that
produces the same amount of electrical energy (power) as an equivalent DC potential
difference.

Peak potential
difference (Vmax)

The maximum potential difference value reached by the alternating current as it
fluctuates i.e. the peak of the sine wave representing an AC potential difference.

Root-mean-square
current (Irms)

Root-mean-square current is the alternating current that produces the same amount
of energy (power) as and equivalent DC current.

Peak current (Imax)

The maximum current value reached by the alternating current as it fluctuates i.e. the
peak of the sine wave representing an AC current.

MATTER AND MATERIALS: OPTICAL PHENOMENA AND PROPERTIES OF MATERIALS

Photo-electric effect

The process whereby electrons are ejected from a metal surface when light of suitable
frequency is incident on /shines on the surface.

Threshold frequency
(fo)

The minimum frequency of light needed to emit electrons from a certain metal surface.

Work function
(Wo)

The minimum energy that an electron in the metal needs to be emitted from the metal
surface.

Photo-electric equation

E =Wo+ Kmax, where E = hf and Wo= hfo and Kmax = %mvzmax

Atomic absorption

Formed when certain frequencies of electromagnetic radiation that passes through a

spectrum medium, e.g. a cold gas, is absorbed.
Atomic emission Formed when certain frequencies of electromagnetic radiation are emitted due to an
spectrum atom's electrons making a transition from a high-energy state to a lower energy state.
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QUESTIONS

NEWTON’S LAWS

QUESTION 1 250N o
Two blocks of masses 20 kg and 5 kg respectively are connected by a T.|Q

light inextensible string, P. A second light inextensible string, Q, attached | '

to the 5 kg block, runs over a light frictionless pulley. 5 kg

A constant horizontal force of 250 N pulls the second string as shown in

the diagram below. The magnitudes of the tensions in P and Q are T+

and T2 respectively. Ignore the effects of air friction. T4 P

1.1 State Newton's second law of motion in words. (2)

1.2 Draw a labelled free-body diagram indicating ALL the forces 20 kg
acting on the 5 kg block. (3)

1.3 Calculate the magnitude of the tension T+ in string P. (6)

1.4  When the 250 N force is replaced by a sharp pull on the string, one -

of the two strings break. Which ONE of the two strings, P or Q, will break?

QUESTION 2

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

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.

2.1  State Newton's third law of motion in words.
2.2 Draw a labelled free-body diagram showing ALL the forces acting on the 1 kg block as it moves up the

incline.

2.3 Calculate the magnitude of the:
2.31 Kinetic frictional force between the 1 kg block and the surface
2.3.2 Tension in the string connecting the two blocks

QUESTION 3

A 5 kg block, resting on a rough horizontal 60 N

table, is connected by a light inextensible string N 5k

passing over a light frictionless pulley to . - 9 =)
another block of mass 2 kg. The 2 kg block

hangs vertically as shown in the diagram
below. 2 kg
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. 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.

3.1 Draw a labelled free-body diagram showing ALL the forces acting on the 5 kg block.
3.2 Calculate the magnitude of the:
3.2.1 Vertical component of the 60 N force
3.2.2 Horizontal component of the 60 N force
3.3 State Newton's Second Law of Motion in words.
Calculate the magnitude of the:
3.4 Normal force acting on the 5 kg block
3.5 Tension in the string connecting the two blocks

(1)

[12]

()
(®)

(3)
(6)

[16]
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QUESTION 4 M

4.1  Two blocks of mass M kg and 2,5 kg ,(O
respectively are connected by a light, table —»f
inextensible string. The string runs over a light,

frictionless pulley, as shown in the diagram 2,5 kg
below. The blocks are stationary. i

41.1 State Newton's THIRD law of

motion in words. (2)
4.1.2 Calculate the tension in the string. (3)
The coefficient of static friction (us) between the unknown mass M and the surface of the table is 0,2.
4.1.3 Calculate the minimum value of M that will prevent the blocks from moving. (5)

The block of unknown mass M is now replaced with a block of mass 5 kg. The 2,5 kg block now

accelerates downwards. The coefficient of kinetic friction (ux) between the 5 kg block and the surface of

the table is 0,15.

4.1.4 Calculate the magnitude of the acceleration of the 5 kg block. (5)
4.2 A small hypothetical planet X has a mass of 6,5 x 1020 kg and a radius of 550 km.

Calculate the gravitational force (weight) that planet X exerts on a 90 kg rock on this planet's surface.  (4)

[19]
QUESTION 5 e
5.1 A5 kg mass and a 20 kg mass are connected by a 5kg
light inextensible string which passes over a light )
frictionless pulley. Initially, the 5 kg mass is held
stationary on a horizontal surface, while the 20 kg mass
hangs vertically downwards, 6 m above the ground, as
shown in the diagram, not drawn to scale. When the 20 kg
stationary 5 kg mass is released, the two masses begin to
move. The coefficient of kinetic friction, uk, between the 5 T
kg mass and the horizontal surface is 0,4. Ignore the
effects of air friction. 6m
5.1.1 Calculate the acceleration of the 20 kg ¢
mass. (5) "=
5.1.2 Calculate the speed of the 20 kg mass as it strikes the ground. (4)
5.1.3 At what minimum distance from the pulley should the 5 kg mass be placed initially, so that the
20 kg mass just strikes the ground? (1)
5.2 A person of mass 60 kg climbs to the top of a mountain
which is 6 000 m above ground level.
5.2.1 State Newton's Law of Universal Gravitation
in words. (2)
5.2.2 Calculate the difference in the weight of the climber
at the top of the mountain and at ground level. (6)
- y Ground level - [18]
QUESTION 6
The diagram below shows a 10 kg block lying on a flat, l 10kg | =
rough, horizontal surface of a table. The block is
connected by a light, inextensible string to a 2 kg block 2 kg
hanging over the side of the table. The string runs over a table surface
light, frictionless pulley. The blocks are stationary.
6.1 State Newton's FIRST law of motion in words. (2)
6.2 Write down the magnitude of the NET force
acting on the 10 kg block. (1)
When a 15 N force is applied vertically downwards on the 2 kg block, the 10 kg block accelerates to the right
at1,2 m-s=2.
6.3 Draw a free-body diagram for the 2 kg block when the 15 N force is applied to it. (3)
6.4 Calculate the coefficient of kinetic friction between the 10 kg block and the surface of the table. (7)
6.5 How does the value, calculated in QUESTION 6.4, compare with the value of the coefficient of
STATIC friction for the 10 kg block and the table? Write down only LARGER THAN, SMALLER
THAN or EQUAL TO. (1)
6.6 If the 10 kg block had a larger surface area in contact with the surface of the table, how would this
affect the coefficient of kinetic friction calculated in QUESTION 6.47 Assume that the rest of the
system remains unchanged. Write down only INCREASES, DECREASES or REMAINS THE SAME.
Give a reason for the answer. (2)
[16]
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QUESTION 7 25N
A learner constructs a push toy using two blocks with masses
1,5 kg and 3 kg respectively. The blocks are connected by a

massless, inextensible cord. The learner then applies a force of __30°
25 N at an angle of 30° to the 1,5 kg block by means of a light
rigid rod, causing the toy to move across a flat, rough, horizontal 3kg 1,5kg
surface, as shown in the diagram. T
The coefficient of kinetic friction (ux) between the surface and each block is 0,15.
7.1 State Newton's Second Law of Motion in words. (2)
7.2 Calculate the magnitude of the kinetic frictional force acting on the 3 kg block. (3)
7.3 Draw a labelled free-body diagram showing ALL the forces acting on the 1,5 kg block. (5)
7.4 Calculate the magnitude of the:
7.4.1 Kinetic frictional force acting on the 1,5 kg block (3)
7.4.2 Tension in the cord connecting the two blocks (5)
[18]
QUESTION 8
8.1 A crate of mass 2 kg is being pulled to the right across a rough
horizontal surface by constant force F. The force F is applied
at an angle of 20° to the horizontal, as shown in the diagram. 2 kg
8.1.1 Draw a labelled free-body diagram showing ALL the
forces acting on the crate. (4)
A constant frictional force of 3 N acts between the surface and the crate. The coefficient of kinetic
friction between the crate and the surface is 0,2. Calculate the magnitude of the:
8.1.2 Normal force acting on the crate (3)
8.1.3 ForceF (4)
8.1.4  Acceleration of the crate (3)
8.2 A massive rock from outer space is moving towards the Earth.
8.2.1 State Newton's Law of Universal Gravitation in words. (2)
8.2.2 How does the magnitude of the gravitational force exerted by the Earth on the rock change as
the distance between the rock and the Earth becomes smaller? Choose from INCREASES,
DECREASES or REMAINS THE SAME. Give a reason for the answer. (2)
[18]
QUESTION 9

A small object of mass 2 kg is sliding at a constant

velocity of 1,5 m-s' down a rough plane inclined at 7°
to the horizontal surface. At the bottom of the plane, Horizontal surface
the object continues sliding onto a rough horizontal

15ms! 4=

surface and eventually comes to a stop. The
coefficient of kinetic friction between the object and both the inclined and the horizontal surfaces is the same.

9.1
9.2
9.3

Write down the magnitude of the net force acting on the object. (1)

Draw a labelled free-body diagram for the object while it is on the inclined plane. (3)

Calculate the:

9.3.1  Magnitude of the frictional force acting on the object while it is sliding down the inclined plane (3)

9.3.2 Coefficient of kinetic friction between the object and the surfaces (3)

9.3.3 Distance the object travels on the horizontal surface before it comes to a stop (5)
[15]

QUESTION 10

10.1

10.2

F

rough inclined plane at an angle of 30° to the horizontal, at
CONSTANT SPEED. Force F is parallel to the inclined

plane, as shown in the diagram.

10.1.1 State Newton's First Law in words. (2)

An 8 kg block, P, is being pulled by constant force F up a
8 kg

30°

10.1.2 Draw a labelled free-body diagram for block P. (4)
The kinetic frictional force between the block and the surface of the inclined plane is 20,37 N.

10.1.3 Calculate the magnitude of force F. (5)
Force F is now removed and the block ACCELERATES down the plane. The kinetic frictional force
remains 20,37 N.

10.1.4 Calculate the magnitude of the acceleration of the block. (4)
A 200 kg rock lies on the surface of a planet. The acceleration due to gravity on the surface of the

planet is 6,0 m-s=2.

10.2.1 State Newton's Law of Universal Gravitation in words. (2)
10.2.2 Calculate the mass of the planet if its radius is 700 km. (4)
[21]
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QUESTION 11
Two boxes, P and Q, resting on a rough
horizontal surface, are connected by a light
inextensible string. The boxes have masses 5 kg
and 2 kg respectively. A constant force F, acting
at an angle of 30° to the horizontal, is applied to
the 5 kg box, as shown. The two boxes now
move to the right at a constant speed of 2 m-s-'.
111 State Newton's First Law of Motion in words. (2)
11.2  Draw a labelled free-body diagram for box Q. (4)
Box P experiences a constant frictional force of 5 N and box Q a
constant frictional force of 3 N.
11.3 Calculate the magnitude of force F. (6)
The string connecting P and Q suddenly breaks after 3 s while
force F is still being applied. Learners draw the velocity-time
graph for the motion of P and Q before and after the string
breaks, as shown alongside.
114 Write down the time at which the string breaks.
11.5 Which portion (X, Y or Z) of the graph represents the
motion of box Q, after the string breaks? Use the
information in the graph to fully support the answer. (4)
[17]
QUESTION 12
Block P, of unknown mass, is placed on a rough horizontal surface. It is connected to a second block of mass 3 kg,
by a light inextensible string passing over a light, frictionless
pulley, as shown. Initially the system of masses is held
stationary with the 3 kg block, 0,5 m above the ground.
When the system is released the 3 kg block moves vertically
downwards and strikes the ground after 3 s. Ignore the
effects of air resistance.
121 Define the term acceleration in words. (2)
12.2  Calculate the magnitude of the
acceleration of the 3 kg block using equations

of motion. (3)
12.3  Calculate the magnitude of the tension in the
string. (3)

The magnitude of the kinetic frictional force
experienced by block P is 27 N.

124  Draw a labelled free-body diagram for block P. (4)
12.5  Calculate the mass of block P. (3)

[15]
QUESTION 13

A block, of mass 8 kg, is placed on a rough horizontal
surface. The 8 kg block, which is connected to a 2 kg
block by means of a light inextensible string passing over
a light frictionless pulley, starts sliding from point A, as

shown.
13.1 State Newton's Second Law in words. (2)
13.2 Draw a labelled free-body diagram for the

8 kg block. 4)

13.3 When the 8 kg block reaches point B, the
angle between the string and the horizontal is
15° and the acceleration of the system is 1,32 m-s2,

13.3.1 Give a reason why the system is NOT in equilibrium. (1)

13.3.2 Use the 2 kg mass to calculate the tension in the string. (3)

13.3.3 Calculate the kinetic frictional force between the 8 kg block and the horizontal surface. (4)
13.4  As the 8 kg block moves from B to C, the kinetic frictional force between the 8 kg block and the

horizontal surface is not constant. Give a reason for this statement. (1)

The horizontal surface on which the 8 kg block is moving, is replaced by another horizontal surface made from
a different material.
13.5  Will the kinetic frictional force, calculated in QUESTION 13.3.3 above, change? Choose from: YES or
NO. Give a reason for the answer. (2)
[17]
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QUESTION 14
14.1 A person pushes a lawn mower of mass 15 kg at
a constant speed in a straight line over a flat
grass surface with a force of 90 N. The force is
directed along the handle of the lawn mower.
The handle has been set at an angle of 40° to the
horizontal. Refer to the diagram.
14.1.1 Draw a labelled free-body diagram for
the lawn mower. (4)
14.1.2 Why is it CORRECT to say that the
moving lawn mower is in equilibrium? (1)
14.1.3 Calculate the magnitude of the frictional
force acting between the lawn mower
and the grass. (3)
The lawn mower is now brought to a stop.
14.1.4 Calculate the magnitude of the constant force that must be applied through the handle in order
to accelerate the lawn mower from rest to 2 m-s-'in a time of 3 s. Assume that the frictional

force between the lawn mower and grass remains the same as in QUESTION 14.1.3. (6)
14.2  Planet Y has a radius of 6 x 10°m. A 10 kg mass weighs 20 N on the surface of planet Y.
Calculate the mass of planet Y. 4)
[18]
QUESTION 15

Block P, of mass 2 kg, is connected to block Q, of mass 3 kg, by a light inextensible string. Both blocks are on
a plane inclined at an angle of 30° to the horizontal. Block Q is pulled by a constant force of 40 N at an angle
of 25° to the incline.
Block P moves on a rough section, AB, of
the incline, while block Q moves on a
frictionless section, BC, of the incline.
See diagram.

An average constant frictional force of 2,5 N acts
on block P as it moves from A to B up
the incline.

15.1  State Newton's Second Law in words.(2)
15.2  Draw a labelled free-body diagram for
block P. (4)
156.3  Calculate the magnitude of the
acceleration of block P while block P
is moving on section AB. (8)
15.4  If block P has now passed point B, how will its acceleration compare to that calculated in
QUESTION 15.37 Choose from GREATER THAN, SMALLER THAN or EQUAL TO.
Give a reason for the answer. (2)
[16]
QUESTION 16 35N
A 20 kg block, resting on a rough horizontal surface, is connected to
blocks P and Q by a light inextensible string moving over 20 kg
a frictionless pulley. Blocks P and Q are glued together and have a o
combined mass of m. A force of 35 N is now applied to the 20 kg
block at an angle of 40° with the horizontal, as shown. The 20 kg
block experiences a frictional force of magnitude 5 N as it moves to

the RIGHT at a CONSTANT SPEED.

16.1 Define the term normal force. (2) E
16.2  Draw a labelled free-body diagram of the 20 kg block.  (5) E
16.3  Calculate the combined mass m of the two blocks. (5)

16.4 At a certain stage of the motion, block Q breaks off and falls
down. How will EACH of the following be affected when this

happens?
16.4.1 The tension in the string. Choose from INCREASES, DECREASES or REMAINS

THE SAME. )]
16.4.2 The velocity of the 20 kg block. Explain the answer. (3)

[16]
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VERTICAL PROJECTILE MOTION
QUESTION 1
A ball, A, is thrown vertically upward from a height, h, with a speed of 15 m-s-'. AT THE SAME INSTANT, a
second identical ball, B, is dropped from the same height as ball A as shown in the diagram below. Both balls
undergo free fall and eventually hit the ground.
N 1.1 Explain the term free fall. (2)
[ 1.2  Calculate the time it takes for ball A to return to its starting

| point. (4)
15mst | B 1.3  Calculate the distance between ball A and ball B when ball A
Al ¢ is at its maximum height. (7)

I 1.4  Sketch a velocity-time graph in the ANSWER BOOK for the
motion of ball A from the time it is projected until it hits the

|
h I ground. Clearly show the following on your graph:
| e The initial velocity
l | o The time it takes to reach its maximum height
_________ I Ground e The time it takes to return to its starting point (4)
[17]
QUESTION 2
An object is released from rest from a point X, above the ground as shown in
o X the diagram. It travels the last 30 m (BC) in 1,5 s before hitting the ground.
| Ignore the effects of air friction.
' B 2.1 Name the type of motion described above. (1)
2.2 Calculate the magnitude of the velocity of the object at point B. (4)
I 2.3 Calculate the height of point X above the ground. (5)
: After hitting the ground, the object bounces once and then comes to rest on the
30m ground.
: 2.4 Sketch an acceleration-time graph for the entire motion of the object. (3)
l Ic  Ground [17]
QUESTION 3
A hot air balloon is rising vertically at a constant velocity. When the hot air balloon reaches
point A a few metres above the ground, a man in the hot air balloon drops a ball which hits the
ground and bounces. Ignore the effects of friction.
The velocity-time graph below represents the motion of the ball from the instant it is dropped
until after it bounces for the first time. The time interval between bounces is ignored. THE o
UPWARD DIRECTION IS TAKEN AS POSITIVE. USE INFORMATION FROM THE GRAPH
TO ANSWER THE QUESTIONS THAT FOLLOW. Ground
A 3.1 Write down the
v (m-s7) P magnitude of the velocity of the hot air
| balloon. (1)
5,88 i 3.2  Calculate the height above the ground
294 ! from which the ball was dropped. (3)
’ \i 3.3 Calculate the time at the point P
0 y indicated on the graph (2)
3.4 Calculate the maximum height the
-2,94 ball reaches after the first bounce. (3)
3.5 Calculate the distance between
the ball and hot air balloon when the
ball is at its maximum height after the
first bounce (4)
[13]
-19,60 v

Terms, definitions, questions & answers © Free State Department of Education



Physitarsaishlesrigrhydidspen 1S tanmorephysics.com FS / January 2021

A O QUESTION 4
B Ball A is projected vertically upwards at a velocity of 16 m-s™! from the
ground. Ignore the effects of air resistance. Use the ground as zero
9 m-s! reference.
4.1 Calculate the time taken by ball A to return to the ground. (4)
4.2 Sketch a velocity-time graph for ball A. Show the
following on the graph:
(a) Initial velocity of ball A

30m (b) Time taken to reach the highest point of the motion
(c) Time taken to return to the ground (3)
16 m-s™!
ONE SECOND after ball A is projected upwards, a second
ball, B, is thrown vertically downwards at a velocity of 9 m-s-' from
a balcony 30 m above the ground. Refer to the diagram.
4.3 Calculate how high above the ground ball A will be at the
v O A ground instant the two balls pass each other. (6)
- [13]
QUESTION 5
A man throws ball A downwards with a speed of 2 m-s-' from the edge of a window, 45 m above a dam of
water. One second later he throws a second ball, ball B, downwards and observes that both balls strike the
surface of the water in the dam at the same time. Ignore air friction.
5.1 Calculate the:
5.1.1 Speed with which ball A hits the surface of the water (3)
5.1.2 Time it takes for ball B to hit the surface of the water (3)
5.1.3 Initial velocity of ball B (5)
5.2 On the same set of axes, sketch a velocity versus time graph for the motion of balls A and B.
Clearly indicate the following on your graph:
+ Initial velocities of both balls A and B
»  The time of release of ball B
» The time taken by both balls to hit the surface of the water (5)
[16]
QUESTION 6
Ball A is projected vertically upwards from the ground, near a tall building, with a speed of 30 m-s-'.
Ignore the effects of air friction.
6.1 Explain what is meant by a projectile. (2)
6.2 Calculate the total time that ball A will be in the air. (4)
6.3 Calculate the distance travelled by ball A during the last
OB second of its fall. (4)

6.4 TWO SECONDS after ball A is projected upwards, ball B is
projected vertically upwards from the roof of the same building.
The roof the building is 50 m above the ground. Both balls A

50 m and B reach the ground at the same time. Refer to the
diagram. Ignore the effects of air friction.
T?’O m-s-1 Calculate the speed at which ball B was projected
upwards from the roof. (4)
aA ground 6.5 Sketch velocity-time graphs for the motion of both balls A

and B on the same set of axes. Clearly label the graphs for
balls A and B respectively. Indicate the following on the

graphs:
(a) Time taken by both balls A and B to reach the ground
(b) Time taken by ball A to reach its maximum height (4)
[18]
QUESTION 7
A ball is dropped from the top of a building 20 m high. Ignore the effects of air
I:l resistance.
T ] 7.1 Define the term free fall. 4)
|:| 7.2 Calculate the speed at which the ball hits the ground. (4)
] 20m 7.3 Calculate the time it takes the ball to reach the ground. (3)
7.4 Sketch a velocity-time graph for the motion of the ball (no values
|:| required). (2)
] [11]
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QUESTION 8 N

A ball is projected vertically upwards with a speed of 10 m-s~' from point A,
which is at the top edge of a building. The ball hits the ground after 3 s. It is
in contact with the ground for 0,2 s and then bounces vertically upwards, »
reaching a maximum height of 8 m at point B. See the diagram. Ignore the 10ms ]
effects of friction. AQD
8.1 Why is the ball considered to be in free fall during
its motion? (2)
8.2 Calculate the: B
8.2.1 Height of the building (3)
8.2.2 Speed with which the ball hits the ground (3)
8.2.3 Speed with which the ball leaves the ground (3) 8m
8.3 Draw a velocity versus time graph for the complete motion of
the ball from A to B. Show the following on the graph: l
e The magnitude of the velocity with which it hits the ground ground
e The magnitude of the velocity with which it leaves the ground
o The time taken to reach the ground, as well as the time at which it leaves the ground (4)
[15]

QUESTION 9
A hot-air balloon moves vertically downwards at a constant velocity of 1,2 m-s-'. When it reaches a height of 22 m
from the ground, a ball is dropped from the balloon. Refer to the diagram.

Assume that the dropping of the ball has no effect on the speed of the hot-air
balloon. Ignore air friction for the motion of the ball.

¢1,2 m-s 9.1 Explain the term projectile motion. (2)
1 9.2 s the hot-air balloon in free fall? Give a reason for the answer. (2)
'?‘ T 9.3 Calculate the time it takes for the ball to hit the ground after it is dropped.  (4)
1
' When the ball lands on the ground, it is in contact with the ground for 0,3 s and
! 22m then it bounces vertically upwards with a speed of 15 m-s™"-
1
' ground 9.4 Calculate how high the balloon is from the ground when the ball reaches its
: maximum height after the first bounce. (6)
[14]
QUESTION 10

Stone A is projected vertically upwards at a speed of 12 m-s*! from a height h above the ground. Ignore the effects
of air resistance.

I 10.1  Calculate the time taken for stone A to reach its maximum height. (3)
m-s

Al B At the same instant that stone A is projected upwards, stone B is thrown

B e vertically downwards from the same height at an unknown speed, v. Refer to the diagram.
: TV When stone A reaches its maximum height, the speed of stone B is 3v.

: 10.2  Calculate the speed, v, with which stone B is thrown downwards. (4)
h: At the instant stone A passes its initial position on its way down, stone B hits
the ground.
E 10.3  Calculate the height h. (3)
' 10.4  Sketch velocity-time graphs for the complete motions of stones A and B
on the same set of axes. Label your graphs for stones A and B clearly.

: Show the time taken for stone A to reach its maximum height AND the velocity with
' which stone B is thrown downwards on the graphs. (4)

ground [14]

Terms, definitions, questions & answers © Free State Department of Education



Physitarsaishkesrigrhydidspen 15 tanmorephysics.com FS / January 2021

QUESTION 11

A ball is thrown vertically downwards from the top of a building and bounces a few times as it hits the ground.
The velocity-time graph below describes the motion of the ball from the time it is thrown, up to a certain time T.
Take downwards as the positive direction and the ground as zero reference. The graph is NOT drawn to scale.
The effects of air friction are ignored.

11.1  Write down the speed with which the ball is thrown downwards. (1)
11.2  ALL parts of the graph have the same gradient. Give a reason for this. (2)
11.3  Calculate the height from which the ball is thrown. (3)
11.4  Calculate the time (T) shown on the graph. (4)
11.5  Write down the:

11.5.1 Time that the ball is in contact with the ground at the first bounce (1)
11.5.2 Time at which the ball reaches its maximum height after the first bounce (2)
11.5.3 Value of X (1)
11.6 Is the collision of the ball with the ground elastic or inelastic? Give a reason for the answer using
information in the graph. (2)
[16]
QUESTION 12
oA In the diagram shown, point A is at the top of a building. Point B is exactly halfway
0 between the point A and the ground. Ignore air resistance.
121 Define the term free fall. (2)
O
B A ball of mass 0,4 kg is dropped from point A. It passes point B after 1 s.
[ ]
O 12.2  Calculate the height of point A above the ground. (3)
When the ball strikes the ground it is in contact with the ground for 0,2 s and
0 then bounces vertically upwards, reaching a maximum height at point B.

ground 12.3  Calculate the magnitude of the velocity of the ball when it strikes the ground. (3)
12.4  Calculate the magnitude of the average net force exerted on the ball while it

is in contact with the ground. (6)

[14]

Terms, definitions, questions & answers © Free State Department of Education



Physitacsaishlesrigrhydidspen 1S tanmorephysics.com FS / January 2021

QUESTION 13

B In a competition, participants must attempt to throw a ball vertically
upwards past point T, marked on a tall vertical pole. Point T is 3,7 m
above the ground. Point T may, or may not, be the highest point during
the motion of the ball. One participant throws the ball vertically upwards
at a velocity of 7,5 m-s-! from a point that is 1,6 m above the ground, as

75ms" shown in the diagram. Ignore the effects of air resistance.
o T 37m 13.1 In which direction is the net force acting on the ball while it moves
@) ’ towards point T? Choose from: UPWARDS or DOWNWARDS.

| Give a reason for the answer. (2)

13.2 Calculate the time taken by the ball to reach its highest point.  (3)

1.6m 13.3 Determine, by means of a calculation, whether the ball will pass
point T or not. (6)
l 13.4 Draw a velocity-time graph for the motion of the ball from the
ground instant it is thrown upwards until it reaches its highest point.

Indicate the following on the graph:
e The initial velocity and final velocity
¢ Time taken to reach the highest point (2)
[13]
QUESTION 14
A ball is thrown vertically upwards, with velocity v, from the edge of a roof of a 40 m tall building. The ball takes
1,53 s to reach its maximum height. Ignore air resistance.

141 Define the term free fall. (2)
v 14.2 Calculate the:
14.2.1 Magnitude of the initial velocity v of the ball (3)
14.2.2  Maximum height reached by the ball above the edge of

T D D the roof (3)

14.3 Take the edge of the roof as reference point. Determine the position
40 m |:| |:| of the ball relative to the edge of the roof after 4 s. (3)

|:| D 14.4  Will any of the answers to QUESTIONS 3.2 and 3.3 change if the height of the

l building is 30 m? Choose from YES or NO. Give a reason for the answer. (3)
[14]

QUESTION 15

Stone A is thrown vertically upwards with a speed of 10 m-s-! from the
edge of the roof of a 40 m high building, as shown in the diagram.
Ignore the effects of air friction. Take the ground as reference.

15.1  Define the term free fall. (2)
15.2  Calculate the maximum HEIGHT ABOVE THE GROUND
reached by stone A. (4)
15.3  Write down the magnitude and direction of the acceleration
of stone A at this maximum height. (2)

Stone B is dropped from rest from the edge of the roof, x seconds after

stone A was thrown upwards.

15.4 Stone A passes stone B when the two stones are 29,74 m
above the ground.Calculate the value of x. (6)

15.5 The graphs of position versus time for part of the motion of
both stones are shown alongside.

Which of labels a to h on the graphs above represents
EACH of the following?

15.5.1 The time at which stone A has a positive velocity (1)

15.5.2 The maximum height reached by stone A (1)
15.5.3 The time when stone B was dropped (1)
15.5.4 The height at which the stones pass each other (1)

[18]
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QUESTION 16

A small ball is dropped from a
height of 2 m and bounces a few
times after landing on a cement
floor. Ignore air friction. The

position-time graph, not drawn to 1,85
scale, represents the motion of
the ball.
16.1 Define the term
free fall. (2)
16.2  Use the graph and
determine:

16.2.1 The time that the
ball is in contact
with the floor
before the first

bounce (2)

16.2.2 The time it takes the ball to reach its maximum height after the first bounce (2)
16.2.3 The speed at which the ball leaves the floor at the first bounce (3)
16.2.4 Time t indicated on the graph (6)
[15]

MOMENTUM AND IMPULSE
QUESTION 1
Dancers have to learn many skills, including how to land correctly. A dancer of mass 50 kg leaps into the air and
lands feet first on the ground. She lands on the ground with a velocity of 5 m's-'. As she lands, she bends her
knees and comes to a complete stop in 0,2 seconds.

1.1 Calculate the momentum with which the dancer reaches the ground. (3)
1.2 Define the term impulse of a force. (2)
1.3 Calculate the magnitude of the net force acting on the dancer as she lands. (3)

Assume that the dancer performs the same jump as before but lands without bending her knees.
14 Will the force now be GREATER THAN, SMALLER THAN or EQUAL TO the force calculated in

QUESTION 1.3? (1)
1.5 Give a reason for the answer to QUESTION 1.4. (3)
2]

QUESTION 2

Percy, mass 75 kg, rides at 20 m-s-' on a quad bike (motorcycle with four wheels) with a mass of 100 kg. He

suddenly applies the brakes when he approaches a red traffic light on a wet and slippery road. The wheels of
the quad bike lock and the bike slides forward in a straight line. The force of friction causes the bike to stop in
8s.

21 Define the concept momentum in words. (2)
2.2 Calculate the change in momentum of Percy and the bike, from the moment the brakes
lock until the bike comes to a stop. (4)
2.3 Calculate the average frictional force exerted by the road on the wheels to stop the bike. (4)
[10]
QUESTION 3

Two stationary steel balls, A and B, are suspended next to each other by massless, inelastic strings as shown
in Diagram 1 below.

Diagram 1 Diagram 2

@ @

Ball A of mass 0,2 kg is displaced through a vertical distance of 0,2 m, as shown in Diagram 2 above. When
ball A is released, it collides elastically and head-on with ball B. Ignore the effects of air friction.
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3.1 What is meant by an elastic collision? (2)
Immediately after the collision, ball A moves horizontally backwards (to the left). Ball B acquires kinetic energy
of 0,12 J and moves horizontally forward (to the right). Calculate the:

3.2 Kinetic energy of ball A just before it collides with ball B (Use energy principles only.) (3)
3.3 Speed of ball A immediately after the collision (4)
3.4 Magnitude of the impulse on ball A during the collision (5)

[14]
QUESTION 4

A bullet of mass 20 g is fired from a stationary rifle of mass 3 kg. Assume that the bullet moves horizontally.
Immediately after firing, the rifle recoils (moves back) with a velocity of 1,4 m-s-'.

4.1 Calculate the speed at which the bullet leaves the rifle. (4)
The bullet strikes a stationary 5 kg wooden block fixed to a flat, horizontal table. The bullet is brought

to rest after travelling a distance of 0,4 m into the block. Refer to the diagram below.

before | after
20g |
— 5 kg : com
4.2 Calculate the magnitude of the average force exerted by the block on the bullet. (5)

4.3 How does the magnitude of the force calculated in QUESTION 3.2 compare to the magnitude
of the force exerted by the bullet on the block? Write down only LARGER THAN, SMALLER THAN or

THE SAME. (1)
[10]
QUESTION 5
The diagram shows two trolleys, P and Q, held together by
means of a compressed spring on a flat, frictionless horizontal ’_| P Q ’_‘
track. The masses of P and Q are 400 g and 600 g respectively. P =1
When the trolleys are released, it takes 0,3 s for the spring to 400 g ' 600 g
unwind to its natural length. Trolley Q then moves to the right at o o o o
4 m-s™.
5.1 State the principle of conservation of linear momentum in words. (2)
5.2 Calculate the:
5.2.1 Velocity of trolley P after the trolleys are released (4)
5.2.2 Magnitude of the average force exerted by the spring on trolley Q 4)
5.3 Is this an elastic collision? Only answer YES or NO. (1)
[11]
QUESTION 6

The diagram below shows two sections, XY and YZ, of a horizontal, flat surface. Section XY is smooth, while
section YZ is rough. A 5 kg block, moving with a velocity of 4 m-s-' to the right, collides head-on with a stationary
3 kg block. After the collision, the two blocks stick together and move to the right, past point Y. The combined
blocks travel for 0,3 s from point Y before coming to a stop at point Z.

4 m-s™ 0m-s
X 5kg 3 kg l Y z
| L |
- | 1
6.1 State the principle of conservation of linear momentum in words. (2)
6.2 Calculate the magnitude of the:
6.2.1  Velocity of the combined blocks at point Y (4)
6.2.2 Net force acting on the combined blocks when they move through section YZ (4)

[10]
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QUESTION 7

The graph below shows how the momentum of car A changes with time just before and just after a head-on

collision with car B. Car A has a mass of 1 500 kg, while the mass of car B is 900 kg. Car B was travelling at a

constant velocity of 15 m-s-' west before the collision. Take east as positive and consider the system as

isolated. MOMENTUM VERSUS TIME GRAPH FOR CAR A
A
40 000 +

—~ N

‘T(.D

£ 30000 W E

o |

=3 |

£ | S

-] |

€ 20000+ |

Q |

S |

s 14000 +————————-— B |

10 000 + | |
| |
' |
' |
0 f ; f f ; t g
20 20,1 20,2 20,3  Time (s)
71 What do you understand by the term isolated system as used in physics?

Use the information in the graph to answer the following questions.

7.2 Calculate the:
7.2.1  Magnitude of the velocity of car A just before the collision
7.2.2 Velocity of car B just after the collision
7.2.3 Magnitude of the net average force acting on car A during the collision

(3)
()
(4)

[13]
QUESTION 8
A teacher demonstrates the principle of conservation of linear Vi
momentum using two trolleys. The teacher first places the
trolleys, A and B, some distance apart on a flat frictionless A B
horizontal surface, as shown in the diagram. The mass of trolley 3.5 kg 8,0 kg
A is 3,5 kg and that of trolley B is 6,0 kg.
Trolley A moves towards trolley B at constant velocity. The table
below shows the position of trolley A for time intervals of 0,4 s before it collides with trolley B.
RELATIONSHIP BETWEEN POSITION AND TIME FOR TROLLEY A
Position of trolley A (m) 0 0,2 0,4 0,6
Time (s) 0 0,4 0,8 1,2
8.1 Use the table above to prove that trolley A is moving at constant velocity before it collides
with trolley B. (3)
8.2 State the principle of conservation of linear momentum in words. (2)
Attime t = 1,2 s, trolley A collides with stationary trolley B. The collision time is 0,5 s after which the two
trolleys move off together.
8.3 Calculate the magnitude of the average net force exerted on trolley B by trolley A. (6)
[11]
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QUESTION 9
9.1 Define the term impulse in words. (2)
9.2 The diagram below shows a gun mounted on a mechanical support which is fixed to the ground.

The gun is capable of firing bullets rapidly in a horizontal direction. Each bullet travels at a speed of
700 m-s™'in an easterly direction when it leaves the gun.
(Take the initial velocity of a bullet, before being fired, as zero.)

700 m-s™!
gun \ m-s s N
[ ] B>
bullets w E
mechanical —_—
support S

ground

The gun fires 220 bullets per minute. The mass of each bullet is 0,03 kg.
Calculate the:

9.2.1 Magnitude of the momentum of each bullet when it leaves the gun (3)
9.2.2 The net average force that each bullet exerts on the gun (5)
9.3 Without any further calculation, write down the net average horizontal force that the mechanical
support exerts on the gun. (2)
[12]
QUESTION 10

A 2 kg block is at rest on a smooth, frictionless, horizontal table. The length of the block is x. A bullet of mass
0,015 kg, travelling east at 400 m-s™, strikes the block and passes straight through it with constant acceleration.
Refer to the diagram below. Ignore any loss of mass of the bullet and the block.

L}
BEFCRE I AFTER N
|

400 m-s™! | brms — w E
—o— S Zo—
Bullet 2 kg | [I_ 1 3

i - ————

X | X
10.1  State the principle of conservation of linear momentum in words. (2)

The block moves eastwards at 0,7 m-s-' after the bullet has emerged from it.
10.2  Calculate the magnitude of the velocity of the bullet immediately after it emerges from the

block. 4)
10.3  If the bullet takes 0,002 s to travel through the block, calculate the length, x, of the block. (5)
(1]

QUESTION 11

The diagram below shows two skateboards, A and B, initially at rest, with a cat standing on skateboard A. The
skateboards are in a straight line, one in front of the other and a short distance apart. The surface is flat,
frictionless and horizontal.

111 State the principle of conservation of linear momentum in words. (2)

EACH skateboard has a mass of 3,5 kg. The cat, of mass 2,6 kg, jumps from skateboard A with a horizontal
velocity of 3 m-s' and lands on skateboard B with the same velocity. Refer to the diagram below.
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11.2  Calculate the velocity of skateboard A just after the cat has jumped from it. (5)
11.3  Immediately after the cat has landed, the cat and skateboard B move horizontally to the right at
1,28 m-s-'. Calculate the magnitude of the impulse on skateboard B as a result of the cat's landing. (3)
[10]
QUESTION 12

A trolley of mass 1,5 kg is held stationary at point A

at the top of a frictionless track. When the 1,5 kg

trolley is released, it moves down the track. It passes

point P at the bottom of the incline and collides with

a stationary 2 kg trolley at point B. Refer to the

diagram. Ignore air resistance and rotational effects.

12.1 Use the principle of conservation of
mechanical energy to calculate the speed
of the 1,5 kg trolley at point P. (4)

When the two trolleys collide, they stick together and

continue moving with constant velocity.

12.2  The principle of conservation of linear momentum is given by the incomplete statement below.
In a/an ... system, the ... linear momentum is conserved.

Rewrite the complete statement and fill in the missing words or phrases. (2)
12.3  Calculate the speed of the combined trolleys immediately after the collision. (4)
12.4  Calculate the distance travelled by the combined trolleys in 3 s after the collision. (3)
[13]

QUESTION 13

Initially a girl on roller skates is at rest on a smooth horizontal pavement. The girl
throws a parcel, of mass 8 kg, horizontally to the right at a speed of 4 m-s-".
Immediately after the parcel has been thrown, the girl-roller-skate combination moves
at a speed of 0,6 m-s™'. Ignore the effects of friction and rotation.

13.1  Define the term momentum in words. (2)
13.2  Will the girl-roller-skate combination move TO THE RIGHT or TO THE LEFT after the parcel is
thrown? NAME the law in physics that can be used to explain your choice of direction. (2)
The total mass of the roller skates is 2 kg.
13.3  Calculate the mass of the girl. (5)
13.4  Calculate the magnitude of the impulse that the girl-roller-skate combination is experiencing while the
parcel is being thrown. (3)

13.5  Without any further calculation, write down the change in momentum experienced by the parcel while
it is being thrown. (2)
[14]
QUESTION 14
A soccer player kicks a ball of mass 0,45 kg to the east. The ball travels horizontally at a velocity of 9 m-s'along a
straight line, without touching the ground, and enters a container lying at rest on its side, as shown in the diagram
below. The mass of the container is 0,20 kg.

The ball is stuck in the container after the collision. The ball and container now move together along a straight line
towards the east. Ignore friction and rotational effects.

141 State the principle of conservation of linear momentum in words. (2)

14.2  Calculate the magnitude of the velocity of the ball-container system immediately after the collision. (4)
14.3 Determine, by means of a suitable calculation, whether the collision between the ball and container is

elastic or inelastic. (5)

[11]
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QUESTION 15
A bullet moves east at a velocity of 480 m-s-'. It hits a wooden block that is fixed to the floor. The bullet takes
0,01 s to move through the stationary block and emerges from the block at a velocity of 80 m's™! east.

See the diagram below. Ignore the effects of air resistance. Consider the block-bullet system as an isolated
system.

15.1 Explain what is meant by an isolated system as used in Physics. (2)
The magnitude of the momentum of the bullet before it enters the block is 24 kg-m-s-'.
15.2  Calcualte the:

15.2.1 Mass of the bullet (3)
15.2.2 Average net force exerted by the wooden block on the bullet (5)
[10]
QUESTION 16

Ball P of mass 0,16 kg, moving east at a speed of 10 m-s-, collides head-on with another ball Q of mass 0,2 kg,
moving west at a speed of 15 m-s™'. After the collision, ball P moves west at a speed of 5 m-s™!, as shown in the
diagram below. Ignore the effects of friction and the rotational effects of the balls.

BEFORE COLLISION AFTER COLLISION

N

W_kE

-1
5m:-s :—jP @ !

@3 10ms" 15 m_s@

16.1  Define the term momentum in words. (2)
16.2  Calculate the:

16.2.1 Velocity of ball Q after the collision (5)

16.2.2 Magnitude of the impulse on ball P during the collision (3)

[10]
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WORK, ENERGY AND POWER
QUESTION 1
1.1 The diagram below shows a track,
ABC. The curved section, AB, is
frictionless. The rough horizontal
section, BC, is 8 m long.

An object of mass 10 kg is

released from point A which is <B 8m =C
4 m above the ground. It slides
down the track and comes to rest at point C.
1.1.1  State the principle of conservation of mechanical energy in words. (2)
1.1.2 Is mechanical energy conserved as the object slides from A to C? Write YES or NO. (1)
1.1.3 Using ENERGY PRINCIPLES only, calculate the magnitude of the frictional force

exerted on the object as it moves along BC. (6)

1.2 A motor pulls a crate of mass 300 kg with a constant force by means of a light inextensible rope
running over a light frictionless pulley as shown below. The coefficient of kinetic friction between the
crate and the surface of the plane is 0,19.

rope
I motor | <

1.2.1  Calculate the magnitude of the frictional force acting between the crate and the

surface of the inclined plane. (3)

The crate moves up the incline at a constant speed of 0,5 m-s-'.
1.2.2 Calculate the average power delivered by the motor while pulling the crate up the incline. (6)
[18]

QUESTION 2

A 5 kg block is released from rest from a height of 5 m and slides down a frictionless incline to P as shown
below. It then moves along a frictionless horizontal portion PQ and finally moves up a second rough inclined
plane. It comes to a stop 3 m above the horizontal at point R.

The frictional force, a non-conservative force, between the surface and the block is 18 N.

2.1 Using ENERGY PRINCIPLES only, calculate the speed of the block at point P. (4)
2.2 Explain why the kinetic energy at point P is the same as that at point Q. (2)
2.3 Explain the term non-conservative force. (2)
2.4 Calculate the angle (0) of the slope QR. (7)
[15]
QUESTION 3 F
The diagram below shows a heavy block of mass 100 kg sliding
down a rough 25° inclined plane. A constant force F is applied w
on the block parallel to the inclined plane as shown in the
diagram below, so that the block slides down at a constant
velocity. The magnitude of the kinetic frictional force (fk) 25°
between the block and the surface of the inclined plane is 266 N.
3.1 Friction is a non-conservative force. What is meant by the term non- conservative force? (2)
3.2 A learner states that the net work done on the block is greater than zero.
3.2.1 Is the learner correct? Answer only YES or NO. (1)
3.2.2 Explain the answer to QUESTION 3.2.1 using physics principles. (2)
3.3 Calculate the magnitude of the force F. (4)
If the block is released from rest without the force F being applied, it moves 3 m down the inclined plane.
3.4 Calculate the speed of the block at the bottom of the inclined plane. (6)
[13]
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QUESTION 4
The track for a motorbike race consists of a straight, horizontal section that is 800 m
long. A participant, such as the one in the picture, rides at a certain average speed
and completes the 800 m course in 75 s. To maintain this speed, a constant driving
force of 240 N acts on the motorbike.

4.1  Calculate the average power developed by the motorbike for this motion. (3)

Another person
practises on the
same motorbike on a track with an incline.
Starting from rest, the person rides a distance of
450 m up the incline which has a vertical height om
of 5 m, as shown. The total frictional force acting
on the motorbike is 294 N. The combined mass
of rider and motorbike is 300 kg. The average driving force on the motorbike as it moves up the incline is 350 N.
Consider the motorbike and rider as a single system.

4.2 Draw a labelled free-body diagram for the motorbike-rider system on the incline. (4)
4.3 State the WORK-ENERGY theorem in words. (2)
4.4 Use energy principles to calculate the speed of the motorbike at the end of the 450 m ride. (6)

[15]
QUESTION 5

A constant force F, applied at an angle of 20° above the horizontal, pulls a 200 kg block, over a distance of 3 m,
on a rough, horizontal floor as shown in the diagram below.

F

F AFTER BEFORE
20° [ !
————————— 200 kg m——————=> 200kg
Je 3m " ;
- - - - _~ = —

Rough floor

The coefficient of kinetic friction, pk, between the floor surface and the block is 0,2.

5.1 Give a reason why the coefficient of kinetic friction has no units. (1
5.2 State the work-energy theorem in words. (2
5.3 Draw a free-body diagram indicating ALL the forces acting on the block while it is being pulled. (4
5.4 Show that the work done by the kinetic frictional force (W) on the block can be written as

~— — —

Wi = (-1 176 + 0,205 F) J. (4)
5.5 Calculate the magnitude of the force F that has to be applied so that the net work done by all forces on
the block is zero. (4)
[15]
QUESTION 6
A 20 kg block is released from rest from the top of a ramp at point A at
@s A a construction site as shown in the diagram. The ramp is inclined at an
T angle of 30° to the horizontal and its top is at a height of 5 m above the
ground.
Sm 6.1 State the principle of conservation of mechanical energy in
words. (2)
B 30° 6.2  The kinetic frictional force between the 20 kg block and the
surface of the ramp is 30 N. Use energy principles to calculate
the:
6.2.1  Work done by the kinetic frictional force on the block (3)
6.2.2 Speed of the block at point B at the bottom of the ramp (5)

6.3 A 100 kg object is pulled up the SAME RAMP at a constant speed of 2 m-s™! by a small motor.
The kinetic frictional force between the 100 kg object and the surface of the ramp is 25 N. Calculate the
average power delivered by the small motor in the pulling of the object up the incline. (4)
[14]
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QUESTION 7

A pendulum with a bob of mass 5 kg is held stationary at a height h metres above the ground. When released, it
collides with a block of mass 2 kg which is stationary at point A. The bob swings past A and comes to rest
momentarily at a position 4 h above the ground.he diagrams below are NOT drawn to scale.

Before . < After
I \:*——\ ———
h Y
____________________ 2kg ______________Z‘_h_\*}:'_____l_z_kg.j____

Immediately after the collision the 2 kg block begins to move from A to B at a constant speed of 4,95 m-s™'.

Ignore frictional effects and assume that no loss of mechanical energy occurs during the collision.

7.1 Calculate the kinetic energy of the block immediately after the collision. (3)
7.2 Calculate the height h (4)
The block moves from point B at a velocity of 4,95 m-s-! up a rough inclined plane to point C. The speed of the
block at point C is 2 m-s™'. Point C is 0,5 m above the horizontal, as shown in the diagram below. During its
motion from B to C a uniform frictional force acts on the block.

4,95 m-s! Cc
—_
2 kg 0,5m
B
7.3 State the work-energy theorem in words. (2)
7.4 Use energy principles to calculate the work done by the frictional force when the 2 kg block moves from
point B to point C. (4)

[13]
QUESTION 8
The diagram below shows a bullet of mass 20 g that is travelling horizontally. The bullet strikes a stationary 7 kg
block and becomes embedded in it. The bullet and block together travel on a rough horizontal surface a distance of
2 m before coming to a stop.

20g == ----- |
— —» 7kg ==, -
1

8.1 Use the work-energy theorem to calculate the magnitude of the velocity of the bullet-block system
immediately after the bullet strikes the block, given that the frictional force between the block and surface

is 10 N. (5)
8.2  State the principle of conservation of linear momentum in words. (2)
8.3 Calculate the magnitude of the velocity with which the bullet hits the block. (4)
(1]

QUESTION 9

The diagram below shows a boy skateboarding
on a ramp which is inclined at 20° to the
horizontal. A constant frictional force of 50 N acts
on the skateboard as it moves from P to Q.
Consider the boy and the skateboard as a single
unit of mass 60 kg. Ignore the effects of air
friction.
9.1 Draw a labelled free-body diagram,
showing ALL the forces acting on the
boy-skateboard unit while moving down
the ramp from P to Q. (3)
Points P and Q on the ramp are 25 m apart. The skateboarder passes point P at a speed vi and passes point Q
at a speed of 15 m's™'. Ignore rotational effects due to the wheels of the skateboard.
9.2 State the work-energy theorem in words. (2)
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9.3 Use energy principles to calculate the speed vi of the skateboarder at point P. (5)
9.3 Calculate the average power dissipated by the skateboarder to overcome friction between P and Q. (4)

[14]
QUESTION 10

A lift arrangement comprises an electric motor, a cage and its counterweight. The counterweight moves vertically
downwards as the cage moves upwards. The cage and counterweight move at the same constant speed. Refer to
the diagram below.

The cage, carrying passengers, moves vertically upwards at a

O ) electric motor  constant speed, covering 55 m in 3 minutes. The counterweight
has a mass of 950 kg. The total mass of the cage and passengers
is 1200 kg.

cage The electric motor provides the power needed to operate the lift
system. Ignore the effects of friction.
10.1 Define the term power in words. (2)
10.2  Calculate the work done by the:
10.2.1 Gravitational force on the cage (3)
1T 10.2.2 Counterweight on the cage (2)
Counter ——» 10.3  Calculate the average power required by the
weight motor to operate the lift arrangement in 3 minutes.
- Assume that there are no energy losses due to heat
and sound. (6)
[13]
QUESTION 11
In the diagram below, a 4 kg block lying on a
| 4 kg JI ,( rough horizontal surface is connected to a 6 kg
@ block by a light inextensible string passing over a
L I — light frictionless pulley. Initially the blocks are
HELD AT REST.
111 State the work-energy theorem in
Bkg |---g- words. )
T When the blocks are released, the 6 kg block

falls through a vertical distance of 1,6 m.
1,6 m 11.2  Draw a labelled free-body diagram for
the 6 kg block. (2)
PO l 11.3  Calculate the work done by the
----- gravitational force on the 6 kg block.  (3)
The coefficient of kinetic friction between the
4 kg block and the horizontal surface is 0,4.
Ignore the effects of air resistance.
11.4  Use energy principles to calculate the speed of the 6 kg block when it falls through 1,6 m while still
attached to the 4 kg block. (5)
[12]

QUESTION 12

A slide, PQR, at an amusement park consists of a curved frictionless section, PQ, and a section, QR, which is
rough, straight and inclined at 30° to the horizontal. The
starting point, P, is 3 m above point Q. The straight section,
QR, is 5 m long.

A learner, with mass 50 kg, starting from rest at P, slides
down section PQ, then continues down the straight section,

QR.
121 State the law of conservation of mechanical
energy in words. (2)
12.2 Calculate the speed of the learner at Q. (4)
12.3 Draw a labelled free-body diagram for the
learner while he/she is on section QR. (3)

The coefficient of kinetic friction (ux) between the learner and the surface QR is 0,08.
12.4 Calculate the magnitude of the kinetic frictional force acting on the learner when the learner is on

section QR. (3)
12.5 Use energy principles to calculate the speed of the learner at point R. (5)
[17]
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QUESTION 13
A load of mass 75 kg is initially at rest on the ground. It is then pulled
vertically upwards at a constant acceleration of 0,65 m-s2by means of a light
inextensible rope. Refer to the diagram below. Ignore air resistance,
rotational effects and the mass of the rope.

131 Draw a labelled free-body diagram for the load while it moves
upward. (2)
13.2 Name the non-conservative force acting on the load. (1)
13.3 Calculate the work done on the load by the gravitational force
when the load has reached a height of 12 m. (3)
13.4 State the work-energy theorem in words. (2)
13.5 Use the work-energy theorem to calculate the speed of the load
when it is at a height of 12 m. (5)
[13]

QUESTION 14

The diagram, not drawn to scale, shows a vehicle with a mass of 1 500 kg starting from rest at point A at the
bottom of a rough incline. Point B is 200 m vertically above the horizontal. The total work done by force F that
moves the vehicle from point A to point B in 90 s is 4,80 x 108 J.

14.1  Define the term non-conservative force. (2)
14.2 Isforce F a conservative force? Choose from: YES or NO. (1)
14.3  Calculate the average power generated by force F. (3)

The speed of the vehicle when it reaches point B is 25 m-s-'.

144  State the work-energy theorem in words. (2)
14.5 Use energy principles to calculate the total work done on the vehicle by the frictional forces. (5)

[13]
QUESTION 15

A 70 kg box is initially at rest at the bottom of a ROUGH plane inclined at an angle of 30° to the horizontal. The
box is pulled up the plane by means of a light inextensible rope, held parallel to the plane, as shown in the
diagram below. The force applied to the rope is 700 N.

15.1  What is the name given to the force in the rope? (1)
15.2 Give a reason why the mechanical energy of the

system will NOT be conserved as the box is pulled up

the plane. (1)

The box is pulled up over a distance of 4 m along the plane. The kinetic frictional force between the box and
the plane is 178,22 N.

15.3 Draw a labelled free-body diagram for the box as it moves up the plane. (4)
15.4  Calculate the work done on the box by the frictional force over the 4 m. (3)
15,5  Use energy principles to calculate the speed of the box after it has moved 4 m. (5)

15.6  When the box is 4 m up the incline, the rope accidentally breaks, causing the box to slide back down to
the bottom of the inclined plane. What will be the total work done by friction when the box moves up
and then down to the bottom of the inclined plane? (1)
[15]
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QUESTION 16
An object of mass 1,8 kg slides down a rough curved track and passes point A, which is 1,5 m above the
ground, at a speed of 0,95 m-s-'. The object reaches point B at the bottom of the track at a speed of 4 m-s-'.

16.1 Define the term conservative force. (2)
16.2  Name the conservative force acting on the object. (1)
16.3 Is mechanical energy conserved as the object slides from point A to point B? Choose from YES or NO.
Give a reason for the answer. (2)
16.4  Calculate the gravitational potential energy of the object when it was at point A. (3)
16.5  Using energy principles, calculate the work done by friction on the object as it slides from point A to
point B. (4)

Surface BC in the diagram above is frictionless.

16.6  What is the value of the net work done on the object as it slides from point B to point C? (1)
[13]

QUESTION 17

A roller-coaster car of mass 200 kg, with the

engine switched off, travels along track

ABC, which has a rough surface, as shown

in the diagram. At point A, which is 10 m

above the ground, the speed of the car is

4 m-s™,

At point B, which is at a height h above the
ground, the speed of the car is 2 m-s'.
During the motion from point A to point B,
3,40 x 10% J of energy is used to overcome
friction. Ignore rotational effects due to the
wheels of the car.

17.1  Define the term non-conservative force. (2)
17.2  Calculate the change in the kinetic energy of the car after it has travelled from point A to point B. (3)
17.3  Use energy principles to calculate the height A. (4)

17.4  On reaching point B, the car's engine is switched on in order to move up the incline to point C, which
is 22 m above the ground. While moving from point B to point C, the car travels for 15 s at a constant
speed of 2 m-s™! while an average frictional force of 50 N acts on it. Calculate the power delivered by

the engine to move the car from point B to point C. (5)

[14]
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DOPPLER EFFECT
QUESTION 1
1.1 The siren of a stationary ambulance emits a note of frequency 1 130 Hz. When the ambulance moves
at a constant speed, a stationary observer detects a frequency that is 70 Hz higher than that emitted
by the siren.
1.1.1  State the Doppler effect in words. (2)
.2 |Is the ambulance moving towards or away from the observer? Give a reason. (2)
.3 Calculate the speed at which the ambulance is travelling. Take the speed of sound in air as
343 m-s. (®)
1.2 A study of spectral lines obtained from various stars can provide valuable information about the
movement of the stars. The two diagrams below represent different spectral lines of an element.
Diagram 1 represents the spectrum of the element in a laboratory on Earth. Diagram 2 represents the
spectrum of the same element from a distant star.

1.1
1.1

Blue Red
Diagram 1 | I | I |
Blue Red
Diagram 2 | I I I |
Is the star moving towards or away from the Earth? Explain the answer by referring to the shifts in the
spectral lines in the two diagrams above. (2)
[11]
QUESTION 2
The Doppler effect is applicable to both sound and light waves. It also has very important applications in our
everyday lives.
2.1 A hooter on a stationary train emits sound with a frequency of 520 Hz, as detected by a person standing
on the platform. Assume that the speed of sound is 340 m-s-! in still air. Calculate the:
2.1.1  Wavelength of the sound detected by the person (2)
2.1.2 Wavelength of the sound detected by the person when the train moves towards
him/her at a constant speed of 15 m-s-" with the hooter still emitting sound (6)
2.2 Explain why the wavelength calculated in QUESTION 2.1.1 differs from that obtained in
QUESTION 2.1.2. (2)
2.3 Use your knowledge of the Doppler effect to explain red shifts. (2)
[12]
QUESTION 3
The graph below shows the relationship between the apparent frequency (f.) of the sound heard by a
STATIONARY listener and the velocity (vs) of the source travelling TOWARDS the listener.
Graph showing apparent frequency (f.) versus velocity of sound source (vs)
950/
900 -
N
5 P
850
800 =
0 10 20 30 40
vs (m-s™)
3.1 State the Doppler effect in words. (2)
3.2 Use the information in the graph to calculate the speed of sound in air. (5)
3.3 Sketch a graph of apparent frequency (fL) versus velocity (vs) of the sound source if the source was
moving AWAY from the listener. It is not necessary to use numerical values for the graph. (2)

[l
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QUESTION 4
4.1 The data below was obtained during an investigation into the relationship between the different

velocities of a moving sound source and the frequencies detected by a stationary listener for each
velocity. The effect of wind was ignored in this investigation.

Experiment number 1 2 3 4
Velocity of the sound source (m-s™) 0 10 20 30
Frequency (Hz) of the sound detected by

the stationary listener 900 874 850 827
4.1.1  Write down the dependent variable for this investigation. (1)
4.1.2 State the Doppler effect in words. (2)
4.1.3 Was the sound source moving TOWARDS or AWAY FROM the listener? Give a reason for
the answer. (2)
4.1.4 Use the information in the table to calculate the speed of sound during the investigation. (5)
4.2 The spectral lines of a distant star are shifted towards the longer wavelengths of light. Is the star
moving TOWARDS or AWAY FROM the Earth? (1)
(1]
QUESTION 5

Reflection of sound waves enables bats to hunt for moths. The sound wave produced by a bat has a frequency
of 222 kHz and a wavelength of 1,5 x 103 m.

5.1 Calculate the speed of this sound wave through the air. (3)
5.2 A stationary bat sends out a sound signal and receives the same signal reflected from a moving moth
at a frequency of 230,3 kHz.
5.2.1 Is the moth moving TOWARDS or AWAY FROM the bat? (1)
5.2.2 Calculate the magnitude of the velocity of the moth, assuming that the velocity is constant. (6)
[10]
QUESTION 6

An ambulance is travelling towards a hospital at a constant velocity of 30 m-s™'. The

siren of the ambulance produces sound of frequency 400 Hz. Take the speed of sound
in air as 340 m-s™'. The diagram shows the wave fronts of the sound produced from the
siren as a result of this motion.

6.1 At which side of the diagram, X or Y, is the hospital situated? (1)
6.2 Explain the answer to QUESTION 6.1. (3)
6.3 Calculate the frequency of the sound of the siren heard by a person standing at the hospital. (5)
6.4 A nurse is sitting next to the driver in the passenger seat of the ambulance as it approaches the
hospital. Calculate the wavelength of the sound heard by the nurse. (3)
[12]
QUESTION 7
71 An ambulance is moving towards a stationary listener at a constant speed of 30 m-s™'. The siren of the
ambulance emits sound waves having a wavelength of 0,28 m. Take the speed of sound in air as
340 m-s™.
7.1.1  State the Doppler effect in words. (2)
7.1.2 Calculate the frequency of the sound waves emitted by the siren as heard by the ambulance
driver. (3)
7.1.3 Calculate the frequency of the sound waves emitted by the siren as heard by the listener. (5)
7.1.4  How would the answer to QUESTION 7.1.3 change if the speed of the ambulance were LESS
THAN 30 m-s-1? Write down only INCREASES, DECREASES or REMAINS THE SAME. )]
7.2 An observation of the spectrum of a distant star shows that it is moving away from the earth. Explain,

Terms, definitions, questions & answers

in terms of the frequencies of the spectral lines, how it is possible to conclude that the star is moving
away from the earth. (2)
[13]
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QUESTION 8
The speed of sound in air depends among others on the air temperature. The following graph shows this
relationship.

Speed of sound in air versus air temperature

350
348
346 ot
344 —

342 —
Speed 340

1
(MS7) 33 =
336 1=
334
332
330

280 282 284 286 288 290 292 294 296 298 300
Temperature (kelvin)

8.1 Which one of temperature or speed is the dependent variable? (1)
8.2 The gradient of this graph is equal to 0,6 m-s'-K-'. With how much does the speed, in m's!, increase
for every 5 K increase in temperature? (1)
8.3 Two experiments are done to verify the Doppler effect. In the first experiment, an object approaches a
stationary observer X at a constant speed of 57,5 m's-!. The object is equipped with a siren that emits
sound waves at a fixed frequency of 1 000 Hz. The motion takes place in still air at a temperature of

295 K.

8.3.1 Describe what the Doppler effect is. (2)
8.3.2 What is the speed of sound, in m-s™', in air at 295 K? (Use the graph.) (1)
8.3.3 Calculate the frequency measured by observer X. 4

8.3.4 Inthe second experiment, the object moves away from observer X at the same constant speed
as before. What should the air temperature, in kelvin, be to make it a fair test between the two
experiments? (1)
8.4 Consider the three diagrams below. Each one represents the source (with the siren) and observer X.
Two of the diagrams are applicable on the above-mentioned experiments.

Diagram 1 Diagram 2 Diagram 3
Source Source Source
¢ (@418
8.4.1  Which diagram is applicable to experiment 2? (1)
8.4.2 Which diagram is NOT applicable to any of the experiments? Give a reason for your answer. (2)
[13]
QUESTION 9
9.1 A police car is moving at constant velocity on a freeway. The siren of the car emits sound
waves with a frequency of 330 Hz. A stationary sound detector measures the frequency of
the sound waves of the approaching siren as 365 Hz.
9.1.1  State the Doppler Effect in words. (2)
9.1.2 Calculate the speed of the car. (Speed of sound in air is 340 m-s-'.) (5)
9.2 The spectrum of a distant star when viewed from an observatory on Earth appears to have
undergone a red shift. Explain the term red shift. (3)
[10]
QUESTION 10
10.1 A sound source is moving at constant velocity past a stationary observer. The frequency detected
as the source approaches the observer is 2 600 Hz. The frequency detected as the source moves
away from the observer is 1 750 Hz. Take the speed of sound in air as 340 m-s.
10.1.1 Name the phenomenon that describes the apparent change in frequency detected by
the observer. (1)
10.1.2 State ONE practical application of the phenomenon in QUESTION 10.1.1 in the field
of medicine. (1)
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10.1.3 Calculate the speed of the moving source. (6)
10.1.4 Will the observed frequency INCREASE, DECREASE or REMAIN THE SAME if the velocity
of the source increased as it:

(a) Moves towards the observer (1)
(b) Moves away from the observer (1)
10.2  Spectral lines of star X at an observatory are observed to be red shifted.
10.2.1 Explain the term red shifted in terms of wavelength. (2)
10.2.2 Will the frequency of the light observed from the star INCREASE, DECREASE or
REMAIN THE SAME? (1)
A [13]
QUESTION 11
180— A police car moving at a constant velocity with its siren on,
passes a stationary listener. The graph shows the changes
_ 70— in the frequency of the sound of the siren detected by the
T 160 listener.
g 150—
g State the Doppler Effect in words. (2)
4 140 11.2  Write down the frequency of the sound detected
e T+ P OO, by the listener as the police car:
11.2.1 Approaches the listener (1)
1207 11.2.2 Moves away from the listener (1)
110+ 11.3  Calculate the speed of the police car. Take the
0: . speed of sound in air to be 340 m-s-'. (6)
time (s) [10]
QUESTION 12

A police car is moving at a constant speed on a straight horizontal road. The siren of the car emits sound of
constant frequency. EACH of two observers, A and

B, standing some distance apart on the same side of

the road, records the frequency of the detected

sound. Observer A records a frequency of 690 Hz

and observer B records a frequency of 610 Hz.

12.1 State the Doppler effect in words. (2)
12.2  In which direction is the car moving? Choose from TOWARDS A or AWAY FROM A. Give a reason for
the answer. (2)
12.3  Determine the speed of the police car. Take the speed of sound in air as 340 m-s-1. (6)
12.4  Name ONE application of the Doppler effect. (1)
[11]
QUESTION 13
A sound source, moving at a constant speed of 240 m-s™! towards a detector, emits sound at a constant
frequency. The detector records a frequency of 5 100 Hz. Take the speed of sound in air to be 340 m-s-'.
13.1  State the Doppler effect in words. (2)
13.2  Calculate the wavelength of the sound emitted by the source. (7)
Some of the sound waves are reflected from the detector towards the approaching source.
13.3  Will the frequency of the reflected sound wave detected by the sound source be EQUAL TO,
GREATER THAN or SMALLER THAN 5 100 Hz? (1)
[10]

QUESTION 14

The alarm of a vehicle parked next to a straight horizontal road goes off, emitting sound with a wavelength of
0,34 m. A patrol car is moving at a constant speed on the same road. The driver of the patrol car hears a sound
with a frequency of 50 Hz lower than the sound emitted by the alarm.

Take the speed of sound in air as 340 m-s™.

14.1 State the Doppler effect in words. (2)
14.2 s the patrol car driving TOWARDS or AWAY FROM the parked vehicle? Give a reason for

the answer. (2)

14.3  Calculate the frequency of the sound emitted by the alarm. (3)

14.4  The patrol car moves a distance of x metres in 10 seconds. Calculate the distance x. (6)

[13]
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QUESTION 15

15.1 A patrol car is moving at a constant speed
towards a stationary observer. The driver
switches on the siren of the car when it is
300 m away from the observer.
The observer records the detected frequency of
the sound waves of the siren as the patrol car
approaches, passes and moves away from him.
The information obtained is shown in the

graph.
15.1.1 Calculate the speed of the patrol car. (2)
15.1.2 State the Doppler effect. (2)
15.1.3 The detected frequency suddenly changes at t = 10 s. Give a reason for this change. (2)
Take the speed of sound in air as 340 m-s-'.
15.1.4 Calculate the frequency of the sound emitted by the siren. (4)
15.2  State TWO applications of the Doppler effect. (2)
[12]
QUESTION 16
The siren of a police car, which is travelling at a constant speed along a straight horizontal road, emits sound
waves of constant frequency. Detector P is placed inside the police car and detector Q is placed next to the
road at a certain distance away from the car. The two detectors record the changes in the air pressure
readings caused by the sound waves emitted by the siren as a function of time.
The graphs below were obtained from the recorded results.
GRAPH A: AIR PRESSURE VS TIME RECORDED BY DETECTOR P IN THE CAR
GRAPH B: AIR PRESSURE VS TIME RECORDED BY DETECTOR Q NEXT TO THE ROAD
16.1 Different patterns are shown above for the same sound wave emitted by the siren. What phenomenon
is illustrated by the two detectors showing the different patterns? (1)
The police car is moving AWAY from detector Q.
16.2  Use the graphs and give a reason why it can be confirmed that the police car is moving away from
detector Q. )
16.3  Calculate the frequency of the sound waves recorded by detector P. (3)
16.4  Use the information in the graphs to calculate the speed of the police car. Take the speed of sound in
air as 340 m-s™. (6)
[11]
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QUESTION 17
The siren of a train, moving at a constant speed along a

straight horizontal track, emits sound with a constant . ’
frequency. A detector, placed next to the track, records r 3148
the frequency of the sound waves. The results obtained = .
are as shown in the graph. Q :
17.1 State the Doppler effect in words. (2) g 2073 o
17.2  Does the detector record the frequency E;' '
of 3 148 Hz when the train moves L.
TOWARDS the detector or AWAY from :
the detector? (1) 0 t Time (S}
17.3  Calculate the speed of the train. Take
the speed of sound in air as 340 m-s™'. (6)
17.4  The detector started recording the frequency of the moving train's siren when the train was 350 m
away. Calculate time t1 indicated on the graph above. (2)
[11]

ELECTROSTATICS
QUESTION 1

The diagram shows two small identical metal spheres, R and S, each +8pC -4 uC
placed on a wooden stand. Spheres R and S carry charges of + 8 uC and
- 4 uC respectively. Ignore the effects of air.
1.1 Explain why the spheres were placed on wooden stands.
Spheres R and S are brought into contact for a while and then
(3)

(1)
separated by a small distance.

1.2 Calculate the net charge on each of the spheres. (2)

1.3 Draw the electric field pattern due to the two spheres R and S.

After R and S have been in contact and separated, a third sphere, T, of charge + 1 uC is now placed between
them as shown in the diagram below.

<«——10cm > 20 cm j

14 Draw a free-body diagram showing the electrostatic forces experienced by sphere T due to spheres R
and S. (2)
1.5 Calculate the net electrostatic force experienced by T due to R and S. (6)
1.6 Define the electric field at a point. (2)
1.7 Calculate the magnitude of the net electric field at the location of T due to R and S.
(Treat the spheres as if they were point charges.) (3)
[19]
QUESTION 2 . .
Two identical negatively charged spheres, A and B, having charges of +— 05m ————»
the same magnitude, are placed 0,5 m apart in vacuum. The @ e e e -
magnitude of the electrostatic force that one sphere exerts on the A B
otheris 1,44 x 10-" N.
2.1 State Coulomb's law in words. (2)
2.2 Calculate the:
2.2.1  Magnitude of the charge on each sphere (4)
2.2.2 Excess number of electrons on sphere B (3)
2.3 P is a point at a distance of 1 m from sphere B.
0,5m A Tm >
e _______ S 7 !
A B P
2.3.1  What is the direction of the net electric field at point P? (1)
2.3.2 Calculate the number of electrons that should be removed from sphere B so that the net
electric field at point P is 3 x 10* N-C-* to the right. (8)
[18]
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QUESTION 3
Three point charges, Q1, Q2 and Qs, carrying Q3 =+5pC 30 cm Q1 =+6 pC
charges of +6 pC, -3 pC and +5 pC | 2 I & ———————-
respectively, are arranged in space as shown in IL !
the diagram below. The distance between Q3  10cm |
and Qq is 30 cm and that between Qs and Q2 is [
10 cm. !
3.1 State Coulomb's law in words. (2) +Q2 =-3pC
3.2 Calculate the net force acting on !
charge Q3 due to the presence of Q1 and Qa. (7)
[9]
QUESTION 4
Two identical neutral spheres, M and N, are placed on insulating stands. They
are brought into contact and a charged rod is brought near sphere M. %
When the spheres are separated it is found that 5 x 108 electrons were Charged
transferred from sphere M to sphere N. rod
4.1 What is the net charge on sphere N after separation? (3)
4.2 Write down the net charge on sphere M after separation. (2)

The charged spheres, M and N, are now arranged along a straight line, in
space, such that the distance
between their centres is 15 cm. A point P lies 10 cm to the right of N as shown in the diagram below.

M N P
__________________________ j T Ap——
P 15 ¢cm _? 10cm —
4.3 Define the electric field at a point. (2)
4.4 Calculate the net electric field at point P due to M and N. (6)
[13]
QUESTION 5
A very small graphite-coated sphere P is rubbed with a
| cloth. It is found that the sphere acquires a charge of
I7° +0,5 puC.
' 5.1 Calculate the number of electrons removed from
: sphere P during the charging process. (3)
: 20 em Now the charged sphere P is suspended from a light,
e s R inextensible string. Another sphere, R, with a charge of
! P — 0,9 uC, on an insulated stand, is brought close to sphere P.
As a result sphere P moves to a position where it is 20 cm
from sphere R, as shown. The system is in equilibrium and
the angle between the string and the vertical is 7°.
5.2 Draw a labelled free-body diagram showing ALL the forces acting on sphere P. (3)
5.3 State Coulomb's law in words. (2)
5.4 Calculate the magnitude of the tension in the string. (5)
[13]
QUESTION 6

Two charged particles, Q1 and Qa, are placed 0,4 m apart along a straight line. The charge on Q1 is + 2 x 10 C,
and the charge on Q2 is — 8 x 10-6 C. Point X is 0,25 m east of Q4, as shown in the diagram below.

Q2 N

Qe— 025m —»X
- ——-— - ———————— L J
< 0,4m > w E
Calculate the: S
6.1 Net electric field at point X due to the two charges (6)
6.2 Electrostatic force that a — 2 x 10° C charge will experience at point X (4)

The — 2 x 10° C charge is replaced with a charge of — 4 x 10 C at point X.
6.3 Without any further calculation, determine the magnitude of the force that the — 4 x 10-° C charge will
experience at point X. (1)
[11]
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Ceiling QUESTION 7

Two identical spherical balls, P and Q, each of mass 100 g, are suspended at
the same point from a ceiling by means of identical light, inextensible insulating
strings. Each ball carries a charge of +250 nC. The balls come to rest in the
positions shown in the diagram.

OI )
20 !20 71 in the diagram, the angles between each string and the vertical are
the same. Give a reason why the angles are the same. (1)
7.2 State Coulomb's law in words. (2)
7.3 The free-body diagram, not drawn to
P Q scale, of the forces acting on ball P is

shown below.
Calculate the:

7.3.1  Magnitude of the tension (T) in the string (3)
7.3.2 Distance between balls P and Q (5)
(1] Fe
QUESTION 8

A sphere Q1, with a charge of -2,5 uC, is placed 1 m away from a second sphere W/

Q2, with a charge +6 uC. The spheres lie along a straight line, as shown in the
diagram below. Point P is located a distance of 0,3 m to the left of sphere Q4, while point X is located between Q1
and Q2. The diagram is not drawn to scale.

-2,5uC +6 uC
=) Q4 X Q2
——————— & -
«—03m —ple 1m >
8.1 Show, with the aid of a VECTOR DIAGRAM, why the net electric field at point X cannot be zero. (4)
8.2 Calculate the net electric field at point P, due to the two charged spheres Q1 and Qa. (6)

[10]
QUESTION 9
A small sphere, Q1, with a charge of + 32 x 10° C, is suspended from a light string secured to a support.
| | A second, identical sphere, Q2, with a charge of
¥~ —55x 10°C, is placed in a narrow, cylindrical glass
Support e vertically below Q1. Each sphere has a mass of 7 g.
Both spheres come to equilibrium when Q2 is 2,5 cm

tri
string from Q1, as shown in the diagram. Ignore the effects
of air friction.
9.1 Calculate the number of electrons that were
Qi=+32x10°C T removed from Q1 to give it a charge of
+ 32 x 10 C. Assume that the sphere was
2 neutral before being charged. (3)
Glass tube i ;0 cm 9.2 Draw a labelled free-body diagram showing
a | ; all the forces acting on sphere Qx. (3)
Qz=-55x10°C O 9.3 Calculate the magnitude of the tension in the
string. (5)
[11]
QUESTION 10
10.1 Define electric field at a point in words. (2)
10.2  Draw the electric field pattern for two identical positively charged spheres placed close to
each other. (3)

10.3 A -30 uC point charge, Q1, is placed at a distance of 0,15 m from a + 45 uC point charge,
Qz2, in space, as shown in the diagram below. The net electric field at point P, which is on the same
line as the two charges, is zero.

Q2=+45uC Q1=-30puC P
P 0,15 m _, X T
Calculate x, the distance of point P from charge Qx. (5)

[10]
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QUESTION 11 . _
In the diagram below, Q1, Q2 and Q; are three stationary point : 1.5m : Tm ,
charges placed along a straight line. The distance between Q4 @ L bl
and Q2 is 1,5 m and that between Qz and Qs is 1 m, as shown in G Qz Q3
the diagram.
11.1  State Coulomb's law in words. (2)
11.2  The magnitude of charges Q1 and Q2 are unknown. The charge on Q is positive. The charge
on Qs is +2 x 10 C and it experiences a net electrostatic force of 0,3 N to the left.

11.2.1 Write down the sign (POSITIVE or NEGATIVE) of charge Q. 2)

Charge Q2 is now removed. The magnitude of the electrostatic force experienced by
charge Q3 due to Q1 now becomes 0,012 N.

11.2.2 Calculate the magnitudes of the unknown charges Q1 and Q.. (7)
[11]
QUESTION 12
12.1 In an experiment to verify the relationship between the electrostatic force, Fe, and distance, r,
between two identical, positively charged spheres, the graph below was obtained.

1
Graph of Feversus —
r

0,030
0,025 7
z 0,020 peas
w / A
L ’/
0,015
0,010 7
0,005 e 4
0 1 2 3 4 5 6 1
— (m?)
12.1.1 State Coulomb's law in words. r (2)
12.1.2 Write down the dependent variable of the experiment. (1)
12.1.3 What relationship between the electrostatic force Fe and the square of the distance, r?,
between the charged spheres can be deduced from the graph? (1)
12.1.4 Use the information in the graph to calculate the charge on each sphere. (6)
12.2  Acharged sphere, A, carries a charge of — 0,75 uC.
12.2.1 Draw a diagram showing the electric field lines surrounding sphere A. (2)
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Sphere A is placed 12 cm away from another charged sphere, B, along a straight line in a vacuum, as
shown below. Sphere B carries a charge of +0,8 uC. Point P is located 9 cm to the right of sphere A.

1< 12 cm >
-0,75puC | p | +0,8uC
S e e C
A'g 9cm > B
12.2.2 Calculate the magnitude of the net electric field at point P. (5)
[17]
QUESTION 13 ; om ;
Two small identical spheres, A and B, each carrying a charge of : . :
+5 uC, are placed 2 m apart. Point P is in the electric field due to A — 125m E ! B
the charged spheres and is located +5.HE """"""""""" |; """""" +50C
1,25 m from sphere A. Study the diagram.
13.1 Describe the term electric field. (2)
13.2  Draw the resultant electric field pattern due to the two charged spheres. (3)
13.3  Calculate the magnitude of the net electric field at point P. (5)
[10]
QUESTION 14
14.1 A metal sphere A, suspended from a wooden beam by means of a non-conducting string, has a charge
of +6 pC.
14.1.1 Were electrons ADDED TO or REMOVED FROM the sphere to obtain this charge?
Assume that the sphere was initially neutral. (1)
14.1.2 Calculate the number of electrons added to or removed from the sphere. (3)
14.2  Point charges Q1, Q2 and Qs are arranged
at the corners of a right-angled triangle, as ,Q\QS =6uC N
shown in the diagram. The charges on Q4 RAVAN
and Qz are + 2 uC and — 2 uC respectively r/’ \\ r Wq—I—p E
and the magnitude of the charge on Qg is +45° \\
6 pC. The distance between Qq and Qs is . @ 0 e S
The distance between Q2 and Qs is also r. The Qi=+2uC Q:=-2uC
charge Qs experiences a resultant electrostatic
force of 0,12 N to the west.
14.2.1 Without calculation, identify the sign (positive or negative) on the charge Q. (1)
14.2.2 Draw a vector diagram to show the electrostatic forces acting on Qs due to charges Q1 and Q2
respectively. (2)
14.2.3 Write down an expression, in terms of r, for the horizontal component of the electrostatic force
exerted on Qs by Q. (3)
14.2.4 Calculate the distance r. (4)
14.3  The magnitude of the electric field is 100 N-C-' at a point which is 0,6 m away from a point charge Q.
14.3.1 Define the term electric field at a point in words. (2)
14.3.2 Calculate the distance from point charge Q at which the magnitude of the electric field
is 50 N-C. (5)
[21]
QUESTION 15 0.20 m ,
Two small spheres, X and Y, carrying charges of +6 x 106 C ; ' :
and +8 x 10 C respectively, are placed 0,20 m apart in air. O S 6Y
-6 -5
15.1 State Coulomb's law in words. (2) Tx107C *8x107C
15.2  Calculate the magnitude of the electrostatic force experienced by charged sphere X. (4)
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—020m—m7mmn A third sphere, Z, of unknown negative charge, is
now placed at a distance of 0,30 m below sphere Y,

6x10¢c: 8x10°C  insucha way that the line joining the charged
X uv 1 spheres X and Y is perpendicular to the line joining
: the charged spheres Y and Z, as shown in the diagram
: alongside.
; 15.3 Draw a vector diagram showing the directions
of the electrostatic forces andthe net force
i 0,30m experienced by charged sphere Y due to the
presence of charged spheres X and Z
respectively. (3)
| 15.4 The magnitude of the net electrostatic force
i experienced by charged sphere Y is 15,20 N.
: Calculate the charge on sphere Z. (4)
ez -.¥__. [13]
QUESTION 16
A and B are two small spheres separated by a distance of —0/ M —»
0,70 m. Sphere A carries a charge of +1,5 x 106 C and — 0,40 m——m
sphere B carries a charge of -2,0 x 106 C. P is a point A't __________________ . .:.B
between spheres A and B and is 0,40 m from sphere A, as +15x10%C p 20x10°C
shown in the diagram. 2 X '
16.1 Define the term electric field at a point. (2)
16.2  Calculate the magnitude of the net electric field at point P. (4)
16.3 A point charge of magnitude 3,0 x 10 C is now placed at point P. Calculate the magnitude of the
electrostatic force experienced by this charge. (3)
[9]
QUESTION 17

Two point charges, P and S, are placed a distance

0,1 m apart. The charge on P is +1,5 x 10° C and

that on S is -2 x 10-° C. A third point charge, R,

with an unknown positive charge, is placed 0,2 m to the right of point charge S, as shown in the diagram.

17.1 State Coulomb's law in words. (2)
17.2  Draw a labelled force diagram showing the electrostatic forces acting on R due to P and S. (2)
17.3  Calculate the magnitude of the charge on R, if it experiences a net electrostatic force of 1,27 x 106 N
to the left. Take forces directed to the right as positive. (7)
[11]
QUESTION 18

P is a point 0,5 m from charged sphere A. The electric field at P is
3 x 107 N-C-' directed towards A. Refer to the diagram.
18.1 Draw the electric field pattern due to charged sphere A.

Indicate the sign of the charge on the sphere in your diagram. (2)
18.2  Calculate the magnitude of the charge on sphere A. (3)
18.3  Another charged sphere, B, having an excess of 10° electrons, is now placed at point P. Calculate the
electrostatic force experienced by sphere B. (6)
[11]
QUESTION 19

A particle, P, with a charge of + 5 x 106 C, is located

1,0 m along a straight line from particle V, with a

charge of +7 x 106 C. Refer to the diagram.

A third charged particle, Q, at a point x metres away from P, as shown above, experiences a net electrostatic
force of zero newton.

19.1 How do the electrostatic forces experienced by Q due to the charges on P and V respectively,

compare with each other? (2)
19.2  State Coulomb's law in words. (2)
19.3  Calculate the distance x. (5)

[9]

QUESTION 20
A small metal sphere Y carries a charge of + 6 x 106 C.
201 Draw the electric field pattern associated with sphere Y. (2)
20.2 If 8 x 103 electrons are now transferred to sphere Y, calculate the electric field at a point 0,5 m from

the sphere. (7)

[l
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QUESTION 21

Three small identical metal spheres, P, S and T, on insulated stands, are initially neutral. They are then
charged to carry charges of -15 x 10-° C,
Q and +2 x 10 C respectively, as shown.
The charged spheres are brought together
so that all three spheres touch each other
at the same time, and are then separated.
The charge on each sphere, after
separation, is -3 x 10° C.

21.1  Determine the value of charge Q. (2)
21.2  Draw the electric field pattern associated with the charged spheres, S and T, after they are separated
and returned to their original positions. (3)
y The spheres, each with the new charge of -3 x 10° C,
are now placed at points on the x-axis and the y-axis,
s as shown in the diagram, with sphere P at the origin.
1‘ 21.3 State Coulomb's law in words. (2)
0.1m 21.4 Calculate the magnitude of the net electrostatic
l T force acting on sphere P. (5)
P 03 L X 21.5 Calculate the magnitude of the net electric field at
oM — the origin due to charges S and T. (3)

21.6  ONE of the charged spheres, P and T, experienced a
very small increase in mass after it was charged initially.

21.6.1 Which sphere, P or T, experienced this very small increase in mass? (1)
21.6.2 Calculate the increase in mass by the sphere in QUESTION 21.6.1. (3)
[19]
QUESTION 22

Two point charges, g1 and gz, are placed 30 cm apart along a
straight line. Charge q1=-3 x 10°C. Point P is 10 cm to the left of
g1, as shown in the diagram below. The net electrostatic field at
point P is zero.

221 Define the term electric field at a point. (2)
222  State, giving reasons, whether point charge qz is POSITIVE or NEGATIVE. (3)
22.3  Calculate the magnitude of charge qz. 4)
22.4  State Coulomb's law in words. (2)
22.5 Calculate the magnitude of the electrostatic force exerted by charge g1 on charge qa. (3)

22.6  The two charges are now brought into contact with each other and are then separated. A learner draws
the electric field pattern for the new charges gqs and qs after contact, as shown below.

22.7 Is the diagram CORRECT? Give a reason for the answer. (2)
[16]
QUESTION 23
23.1 A small sphere, Y, carrying an unknown charge, is suspended at the end of a light inextensible string
which is attached to a fixed point. Another sphere, X, carrying a charge of +6 x10-6 C, on an insulated
stand is brought close to sphere Y.
Sphere Y experiences an electrostatic force and comes to
rest 0,2 m away from sphere X, with the string at an angle
of 10° with the vertical, as shown in the diagram.
23.1.1  What is the nature of the charge on sphere Y? Choose
from POSITIVE or NEGATIVE. )]
23.1.2  Calculate the magnitude of the charge on
sphere Y if the magnitude of the electrostatic force

acting on itis 3,05 N. (3)
23.1.3 Draw a labelled free-body diagram for sphere Y. (3)
23.1.4  Calculate the magnitude of the tension in the

string. (3)
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23.2  Two small charged spheres, A and B, on insulated stands, with charges +2 x10-° C and -4 x105 C
respectively, are placed 0,4 m apart, as shown in the diagram below. M is the midpoint between
spheres A and B.
23.2.1 Define the term electric field at a point. (2)
23.2.2 Calculate the net electric field at point M. (6)
[18]
QUESTION 24 -4x106C +3x108C
Two small, charged spheres, A and B, are placed on +«—— 02m » 0,1m—
insulated stands, 0,2 m apart, as shown in the e (A e e ---------------------- .-
diagram. They carry charges of -4 x 106 C and M
+3 x 10-% C respectively. ]
M is a point that is a distance of 0,1 m to the right of sphere B.
241 Calculate the number of electrons in excess on sphere A. (3)
242  Calculate the magnitude of the electrostatic force exerted by sphere A on sphere B. (3)
24.3  Describe the term electric field. (2)
24.4  Calculate the magnitude of the net electric field at point M. (5)

Charged spheres A and B and another charged sphere D are now

arranged along a rectangular system of axes, as shown in the y
diagram. The net electrostatic force experienced by sphere A is
7,69 N in the direction as shown in the diagram. D.
245 Is the charge on sphere D POSITIVE or NEGATIVE? (1) T
24.6  Calculate the magnitude of the charge on sphere D. 3) 0,15m 769 N
[17] l ’ B
@
A F:' 02m — X
ELECTRIC CIRCUITS
QUESTION 1
1.1 A group of learners conduct an experiment to determine the emf (¢) and internal resistance (r) of a battery.

They connect a battery to a rheostat (variable resistor), a low-resistance ammeter and a high-resistance
voltmeter as shown in the diagram below. The data obtained from the experiment is displayed in the table

below.
{ , r I READING ON READING ON
I l||| — | VOLTMETER (V) AMMETER (A)
R | !s 2 0,58
L 3 0,46
4 0,36
= 5 0.2
6 0,14
(v)
1.1.1 State ONE facto\\nﬁich must be kept constant during the experiment. (1)
1.1.2  Using the information in the table above, plot the points and draw the line of best fit on a graph
paper. (3)
Use the graph drawn in QUESTION 1.1.2 to determine the following:
1.1.3 Emf (¢) of the battery (1)
1.1.4 Internal resistance of the battery, WITHOUT USING ANY FORM OF THE EQUATION
e=I(R+r) (3)

Terms, definitions, questions & answers © Free State Department of Education



Physitacsaisnkesriarhydidspen1 S tanmorephysics.com FS / January 2021

1.2 Three electrical devices, X, Y and Z, are connected to a 24 V battery with internal resistance r as
shown in the circuit diagram. The power rating of each of the devices X and Y are indicated in the

diagram. T
—'—l|— --| |—|:|—'—l
=24V
® L
20V, 100 W
[ X I
L= 1
150 W
My |
L1
o e Y4
S:
With switch S84 closed and S open, the devices function as rated. Calculate the:
1.2.1  Currentin X (3)
1.2.2 Resistance of Y 3)
1.2.3 Internal resistance of the battery (5)

Now switch S; is also closed.
1.2.4 Identify device Z which, when placed in the position shown, can still enable X and
Y to operate as rated. Assume that the resistances of all the devices remain

unchanged. (1)
1.2.5 Explain how you arrived at the answer to QUESTION 1.2.4. (2)
[22]
QUESTION 2
2.1 Learners want to construct an electric heater using one of two wires, A and B, of different
resistances. They conduct experiments and draw the graphs as shown.
A Graph of V versus | for resistors A and B
10,0
8.0
2 60
©
— y
> 7/
4,0 B
2,0
0 0,2 0,4 0,6 0,8 1, 1(A)

2.1.1  Apart from temperature, write down TWO other factors that the learners should consider to
ensure a fair test when choosing which wire to use. (2)
2.1.2  Assuming all other factors are kept constant, state which ONE of the two wires will be the
most suitable to use in the heater. Use suitable calculations to show clearly how you arrive at
the answer. (8)

Terms, definitions, questions & answers © Free State Department of Education



Physitasaishkesrigrhyddspen1Stanmorephaysics.com

2.2
resistance r.

FS / January 2021

In the circuit below the reading on ammeter A is 0,2 A. The battery has an emf of 9 V and internal

2.2.1 Calculate the current through the
5,5 Q resistor.

3)
2.2.2 Calculate the internal resistance
S of the battery. (7)
2.2.3 Will the ammeter reading INCREASE,
DECREASE or REMAIN THE SAME if

the 5,5 Q resistor is removed? Give a
(2)

L e=9V. !
c
| —{ 110
550

QUESTION 3

A cell of unknown internal resistance, r, has emf (€ ) of 1,5 V. ltis
connected in a circuit to three resistors, a high-resistance

voltmeter, a low-resistance ammeter and a switch S as shown. N K
When switch S is closed, the voltmeter reads 1,36 V.

reason for the answer.
[22]

V)

L/

e=15V S
o

3.1 Which terminal of the ammeter is represented by =1 P
point P? Write down POSITIVE or NEGATIVE. (1) 149 | A
3.2 Calculate the ammeter reading. (3)
3.3 Determine the internal resistance of the cell. (7) 301
3.4 An additional resistor X is connected parallel to the
3 Q resistor in the circuit. Will the reading on the ammeter INCREASE, DECREASE or REMAIN
UNCHANGED? Give a reason for the answer. (4)
[15]
QUESTION 4

A battery with an internal resistance of 1 Q and an unknown emf (€) is connected in a circuit, as shown below. A
high-resistance voltmeter (V) is connected across the battery. A1 and Az represent ammeters of negligible

resistance.

—®

16 Q

—L ®r (&) R

With switch S closed, the current passing through the 8 Q resistor is 0,5 A.

If device R delivers power of 12 W, calculate the reading on ammeter Aa.
Calculate the reading on the voltmeter when switch S is open.

4.1 State Ohm's law in words.

4.2 Calculate the reading on ammeter A;.
4.3

4.4

QUESTION 5

Terms, definitions, questions & answers

(2)
(4)
()
(3)
[14]

A battery of an unknown emf and an internal resistance of 0,5 Q
is connected to three resistors, a high-resistance voltmeter and
an ammeter of negligible resistance, as shown. The reading on
the ammeter is 0,2 A.

5.1

Calculate the:

5.1.1 Reading on the voltmeter

5.1.2 Total current supplied by the battery
5.1.3 Emf of the battery

(3)
(4)
(®)
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5.2 How would the voltmeter reading change if the 2 Q resistor is removed? Write down INCREASE,
DECREASE or REMAIN THE SAME. Explain the answer. (3)
[15]
QUESTION 6
6.1 In the diagram below, three light bulbs, A, B and C, are connected in parallel to a 12 V source
of negligible internal resistance. The bulbs are rated at 4 W, 6 W and 10 W respectively and
are all at their maximum brightness.
12V —=— A B C
-|- 4 W 6W 10w
6.1.1 Calculate the resistance of the 4 W bulb. (3)
6.1.2 How will the equivalent resistance of the circuit change if the 6 W bulb burns out?
Write down only INCREASES, DECREASES or NO CHANGE. (1)
6.1.3 How will the power dissipated by the 10 W bulb change if the 6 W bulb burns out? Write down
only INCREASES, DECREASES or NO CHANGE. Give a reason for the answer. (2)
6.2 A learner connects a high-resistance voltmeter across a battery. The voltmeter reads 6 V.
She then connects a 6 Q resistor across the battery. The voltmeter now reads 5 V.
6.2.1 Calculate the internal resistance of the battery. (4)

60 The learner now builds the circuit alongside, using the same
6 V battery and the 6 Q resistor. She connects an unknown

resistor X in parallel with the 6 Q resistor. The voltmeter now
X reads 4,5 V.
! € Illl—E | 6.2.2 Define the term emf of a cell. (2)
el 6.2.3 Calculate the resistance of X when the voltmeter
m reads 4,5 V. (5)
17]
45V [
\__
QUESTION 7
71 In the circuit below the battery has an emf (¢) of 12 V and an internal resistance of 0,2 Q. The resistances
of the connecting wires are negligible.
@T
150 |
R 1 15Q |
e C
a
S "b [ ] d
| e=12V I
| i 020 -
7.1.1  Define the term emf of a battery. (2)
7.1.2  Switch S is open. A high-resistance voltmeter is connected across points a and b.
What will the reading on the voltmeter be? (1)
7.1.3 Switch S is now closed. The same voltmeter is now connected across points ¢ and d.
What will the reading on the voltmeter be? (1)

When switch S is closed, the potential difference across the terminals of the battery is 11,7 V.

Calculate the:

7.1.4  Current in the battery (3)
7.1.5 Effective resistance of the parallel branch (2)
7.1.6 Resistance of resistor R (4)
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7.2 A battery with an emf of 12 V and an internal resistance of 0,2 Q are connected in series to a very
small electric motor and a resistor, T, of unknown resistance, as shown in the circuit below. The motor
is rated X watts, 3 volts, and operates at optimal conditions. When switch S is closed, the motor lifts a
0,35 kg mass vertically upwards at a constant speed of 0,4 m-s-'. Assume that there is no energy
conversion into heat and sound.

Electric motor
/s
i T 0,4 m-s!
| e=12v |
£ =
i =
_ I
7.2.1 Calculate the value of X. (3)
7.2.2 Calculate the resistance of resistor T. (5)
[21]
QUESTION 8
8.1 The emf and internal resistance of a certain battery were determined experimentally.
The circuit used for the experiment is shown in the diagram below.
8.1.1 State Ohm's law in words. (2)
CeTTTTTTTT T ' Graph of potential difference versus current
! ll_f*_ L 1
T | —r : e B e e
e ! S Eaana
® sof e .
R RS ——— ]
e soi
W s EESSEESSERSEESSC H
5 3,011 s
z .
EZ-G......... :
e (3
1,0p |t e e
, _ 0 1,0 2,0 3,0 4,0 5,0
The data obtained from the experiment
is plotted on the graph sheet alongside. Current (A)
8.1.2 Draw the line of best fit through the plotted points. Ensure that the line cuts both axes. (2)
Use information in the graph to answer QUESTIONS 8.1.3 and 8.1.4.
8.1.3  Write down the value of the emf (g) of the battery. (1)
8.1.4 Determine the internal resistance of the battery. (3)
8.2 The circuit diagram shows a battery withanemf
(¢) of 60 V and an unknown internal resistance r,
connected to three resistors. A voltmeter DT —— e=60V !
connected across the 8 Q resistor reads 21,84 V. o p
Calculate the: | =] N
8.2.1  Currentin the 8 Q resistor S T
8.2.2 Equivalent resistance of the
resistors in parallel (2) 80
(v )
—/
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8.2.3 Internal resistance r of the battery e (4)
8.2.4 Heat dissipated in the external circuit in 0,2 seconds (3)
[20]
QUESTION 9
9.1 In Circuit 1, three identical light bulbs, P, Q and R, with the same resistance, are connected to a battery
Q with emf ¢ and negligible internal resistance.
<XP> ® 9.1.1  How does the brightness of bulb P compare with that
of bulb Q? Give a reason. (2)
o R 9.1.2 How does the brightness of bulb P compare with that
Circuit 1 ® of bulb R? Give a reason. (2)

e P Q
| R—X
A fourth, identical bulb T, with the same resistance as R
the other three, is connected to the circuit by means of Circuit 2 ®
an ordinary wire of negligible resistance, as shown in
Circuit 2. [ €
9.1.3 How does the brightness of bulb T compare with I
that of bulb R? Give a reason for the answer. (2)
9.2 A battery with an emf of 20 V and an internal £ =20 VIF —————————
resistance of 1 Q is connected to three resistors, | |I|. L
as shown in the circuit alongside. L 4

Calculate the:
9.2.1 Current in the 8 Q resistor (6) 54 1o
9.2.2 Potential difference across the

5 Q resistor (4)
9.2.3 Total power supplied by the battery (3)

(M9 “— 8Q
QUESTION 10

10.1 Learners investigated the relationship between potential difference (V) and current (1) for the
combination of two resistors, R1 and Re.

GRAPHS OF POTENTIAL DIFFERENCE VERSUS CURRENT FOR THE
COMBINATION OF TWO RESISTORS IN SERIES AND IN PARALLEL

In one experiment, resistors R1 and Rz were
connected in parallel.

3,00 ———————

In a second experiment, resistors R1 and Rz

were connected in series.
250F——————-—

|

|

|

H

: The learners then plotted graph X, the results of
______________ A== one of the experiments, and graph Y, the results

|

|

A

t———t———A

|

|

|

|

|

|

|
“‘“‘“““““f‘““““""‘"

|

|

|

|

|

|

2,00f—————--
of the other experiment, as shown.

£ S

I 10.1.1 State Ohm's law in words. (2)

|' 10.1.2 What physical quantity does the

—————————— e gradient (slope) of the V-1 graph
represent? (1)

10.1.3 Calculate the gradient (slope) of
! graph X. 2)

! ! 10.1.4 Det_ermine the resistance of

0 0.25 0.50 0.75 resistor Ry. (4)

Potential difference (V)

T4 I

0,50 |- ———~£——— L

—_——— L

Current (A)
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10.2  The circuit below consists of three resistors, M, N and T, a battery with emf € and an internal resistance
of 0,9 Q. The effective resistance between points a and b in the circuit is 6 Q. The resistance of resistor
Tis 1,5 Q. When switch S is closed, a high-

@ resistance voltmeter, V1, across a and b
reads 5 V.
AL m H— ~
Calculate the
(V) 10.2.1 Current delivered by the battery  (3)
N 10.2.2 Emf (€) of the battery 4)

V2 reads 2,5 V when the switch is closed.

10.2.3 Write down the resistance of N.
(No calculations required.)
1.5Q Give a reason for the answer. (2)

,g- [ ] [18]
QUESTION 11

11.1  The two graphs alongside show the relationship between
current and potential difference for two different conductors,
Xand.
11.1.1 State Ohm’s law in words. (2)

11.1.2  Which ONE of the two conductors, X or Y, is ohmic?
Refer to the graph and give a reason for the answer.  (2)

11.2  In the diagram below, a battery with an emf of 6 V and an internal resistance of 2 Q, is connected to
three resistors P, Q and R. A voltmeter V is connected across the battery. The ammeter A has a
negligible resistance.

11.2.1 Calculate the ammeter reading when switch S is closed. (5)
The switch S is now open.

11.2.2 Will the ammeter reading in QUESTION 11.2.1 INCREASE, DECREASE or REMAIN

THE SAME? Give a reason for the answer. (2)

11.2.3 How will the voltmeter reading now compare with the voltmeter reading when the
switch is closed? Choose from INCREASE, DECREASE or REMAIN THE SAME. (1)
11.2.4 Explain the answer to QUESTION 11.2.3. (3)
[15]
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QUESTION 12
12.1 In the circuit diagram below the battery has an unknown emf (¢) and an internal resistance (r)
of 0,8 Q.

12.1.1 State Ohm’s law in words. (2)

The reading on ammeter Az is 0,6 A when
switch S is closed. Calculate the:

12.1.2  Reading on voltmeter V4 (3)
12.1.3  Current through the 6 Q resistor (2)
12.1.4 Reading on voltmeter V. (2)
121.5  Emf (¢) of the battery (3)
12.1.6 Energy dissipated as heat inside the

battery if the current flows in the circuit
for15s (3)

12.2 A simplified circuit diagram for the windscreen wiper of a car consists of a variable resistor and a
wiper motor connected to a 12 volt battery. When switch S is closed, the potential difference across
the variable resistor is 2,8 V and the current passing through it is 0,7 A.

12.2.1 Calculate the resistance of the variable
resistor. (2)

The resistance of the variable resistor is now decreased.

12.2.2 State whether the speed at which the wiper turns
will INCREASE, DECREASE or REMAIN THE
SAME. Give a reason for the answer. (3)
[20]

QUESTION 13
The battery in the circuit diagram below has an emf of 12 V and an internal resistance of 0,5 Q. Resistor R has an
unknown resistance.
13.1  What is the meaning of the following statement?
The emf of the battery is 12 V. (2)

The reading on the ammeter is 2 A when switch S is OPEN.
Calculate the:

13.2  Reading on the voltmeter (3)
13.3  Resistance of resistor R (2)

Switch S is now CLOSED.
13.4  How does this change affect the reading on the
voltmeter? Choose from: INCREASES, DECREASES
or REMAINS THE SAME. Explain the answer. (4)
[11]
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QUESTION 14

Learners perform an experiment to determine the emf (¢) and the internal resistance (r) of a battery using the
circuit below. The learners use their recorded readings of current and resistance, together with the equation

R = ?— r, to obtain the graph below.

14.1  Which variable has to be kept
constant in the experiment? (1)

Refer to the graph.

14.2  Write down the value of the internal
resistance of the cell. (2)

14.3  Calculate the emf of the battery. (3)

(]
QUESTION 15
15.1 Three identical light bulbs, A, B and C, are each rated at6 W, 12 V.
15.1.1 Define the term power. (2)
15.1.2 Calculate the resistance of EACH bulb when used as rated. (3)

The light bulbs are connected in a circuit with a battery having an emf (¢) of 12 V and internal
resistance (r) of 2 Q. Refer to the diagram.

Assume that the resistance of each light bulb is the

same as that calculated in QUESTION 15.1.2.

Switch S is closed.

15.1.3 Calculate the total current in the circuit. (5)

15.1.4 Calculate the potential difference across light
bulb C. (3)

15.1.5 Explain why light bulb C in the circuit will NOT
burn at its maximum brightness. (3)

15.2 Resistors A, B, C and D are connected to a battery having emf (€) and negligible internal resistance, as

shown in the diagram below.
1 A

€

15.2.1 Give a reason why the current in resistor A is greater than that in resistor C. (2)
15.2.2 Resistor C is removed. How will the current in resistor B compare to the current in A? Give a reason

for the answer. (2)

[20]
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QUESTION 16

In the circuit diagram, resistor R, with a resistance of 5,6 Q, is
connected, together with a switch, an ammeter and a high-
resistance voltmeter, to a battery with an unknown internal

resistance, r.

The resistance of the connecting wires and the ammeter may be

ignored.

The graph below shows the potential difference across the
terminals of the battery as a function of time. At time t1, switch S is

closed.

16.1 Define the term emf of a battery.
16.2  Write down the value of the emf of the battery.
16.3  When switch S is CLOSED, calculate the:
16.3.1 Current through resistor R
16.3.2 Power dissipated in resistor R

16.3.3

Internal resistance, r, of the battery

FS / January 2021

16.4  Two IDENTICAL resistors, each with resistance X, are now connected in the same circuit with switch S

closed, as shown below.

The ammeter reading now increases to 4 A.

16.4.1 How would the voltmeter reading change? Choose from INCREASES, DECREASES or

REMAINS THE SAME. Give a reason for the answer by referring to Vintemal resistance-

16.4.2 Calculate resistance X.

QUESTION 17
A battery with an internal resistance of 0,5 Q and
an unknown emf (€) is connected to three resistors,
a high resistance voltmeter and an ammeter of
negligible resistance, as shown in the circuit
diagram. The resistance of the connecting wires
must be ignored.
17.1 Define the term emf of a battery. (2)
The reading on the voltmeter DECREASES by
1,5 V when switch S is closed.
17.2  Give a reason why the voltmeter
reading decreases. (2)
17.3  Calculate the following when
switch S is closed:
17.3.1 Reading on the ammeter (3)
17.3.2 Total external resistance of the circuit
17.3.3 Emf of the battery

17.4  Alearner makes the following statement: The current through resistor Rs is larger than the current
through resistor Ro. s this statement CORRECT? Choose from YES or NO. Explain the answer.
17.5 The 4 Q resistor is now removed from the circuit. How will this affect the emf of the battery? Choose

(2)
()
[19]

Ry |
L Ri |
40

lo=

é

from INCREASES, DECREASES or REMAINS THE SAME.
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(1)
[18]
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ELECTRICAL MACHINES

(1)
(1)

QUESTION 1
The diagram represents a simplified version of an electrical machine used to
light up a bulb.
1.1 Name the principle on which the machine operates.
1.2 State ONE way in which to make this bulb burn brighter.
commutator
Some changes have been made to the machine and a new device
is obtained. The new device as well as the graph of output emf versus time
using this new device is shown below.
X 339,45h————ﬁ
:>: >
c
brushes
1.3 Name part X in the new device.
14 Define the term root mean square value of an AC voltage.
1.5 Calculate the rms voltage.

QUESTION 2
The graph below shows the output voltage from a household AC generator for one cycle of rotation

of the coils. A

340_ ..................................

Output voltage (V)

- 340
\

2.1 A 100 W light bulb is connected to this generator and it glows at its maximum brightness.
Use the information from the graph to calculate the:
2.1.1 Resistance of the bulb
2.1.2  rms current through the bulb

2.2 Give ONE reason why AC voltage is preferred to DC voltage for everyday use.

QUESTION 3
3.1 The output potential difference of an AC generator is 100 V at 20 Hz. A simplified diagram of the
generator is shown below. The direction of the current in the coil is from a to b.

In which direction is the coil rotating? Write only CLOCKWISE or ANTICLOCKWISE.
Starting from the position shown in the diagram, sketch a graph of the output potential

ww
— —
[CRPEN

difference versus time when the coil completes TWO full cycles. On the graph, clearly indicate

the maximum potential difference (100 V) and the time taken to complete the twocycles.
3.1.3 State ONE way in which this AC generator can be used to produce a lower output potential
difference.
3.2 An electrical device is rated 220 V, 1 500 W. Calculate the maximum current output for the device
when it is connected to a 220 V alternating current source.

—_—~—
00 WN =
~ — —

()
(3)
(1)
[9]

(1)

©)
(1)
()

[10]
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QUESTION 4

4.1 Ateacher demonstrates how current can be obtained using a bar
magnet, a coil and a galvanometer. The teacher moves the bar
magnet up and down, as shown by the arrow in the diagram.

galvanometer 4.1.1 Briefly describe how the magnet must be moved in
order to obtain a LARGE deflection on thegalvanometer.(2)

The two devices, A and B, below operate on the principle described in
QUESTION 4.1.1 above.

output
output
4.1.2 Write down the name of the principle. (1)
4.1.3  Write down the name of part X in device A. (1)
4.2 A 220 V, AC voltage is supplied from a wall socket to an electric kettle of resistance 40,33 Q. Wall
sockets provide rms voltages and currents.
Calculate the:
4.2.1 Electrical energy consumed by the kettle per second (4)
4.2.2 Maximum (peak) current through the kettle (3)
[11]
QUESTION 5
51  Asimplified sketch of an AC v Coil
generator is shown. The coil of the
generator rotates clockwise between A
the pole pieces of two magnets. At a Pole piece of
particular instant, the current in the magnet
segment PQ has the direction shown.
To external circuit
5.1.1 Identify the magnetic pole A.
Only write NORTH POLE or SOUTH POLE. (1)
5.1.2 The coil is rotated through 180°. Will the direction of the current in segment PQ be
from P to Q or Q to P? )
5.2 An electrical device is connected to a generator which produces an rms potential difference
of 220 V. The maximum current passing through the device is 8 A.
Calculate the:
5.2.1 Resistance of the device (5)
5.2.2 Energy the device consumes in two hours (5)
[12]
QUESTION 6
6.1 A part of a simplified DC motor is shown in the sketch.
6.1.1  In which direction (a to b OR b to a) is the current
QZQ}E flowing through the coil if the coil rotates anticlockwise
— /“/ as indicated in the diagram? (1)
N /=g S 6.1.2 Name the rule you used to answer QUESTION 6.1.1. (1)
—_— e 6.1.3  Which component in the diagram must be replaced in
order for the device to operate as an AC generator? (1)
6.2 An electrical device of resistance 400 Q is connected across an AC generator that produces

a maximum emf of 430 V. The resistance of the coils of the generator can be ignored.

6.2.1 State the energy conversion that takes place when the AC generator is in operation. (2)
6.2.2 Calculate the root mean square value of the current passing through the resistor. (5)
[10]
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QUESTION 7
71 A generator is shown below. Assume that the coil is in a vertical position.
7.1.1 s the generator above AC or DC? Give a reason for
the answer. (2)
7.1.2 Sketch an induced emf versus time graph for ONE
complete rotation of the coil. (The cail starts turning from
the vertical position.) (2)
7.2 An AC generator is operating at a maximum emf of 340 V. It is

connected across a toaster and a kettle, as shown in the diagram

toaster

generator ——»
800 W

below. The toaster is rated at 800 W, while the
kettle is rated at 2 000 W. Both are working

QUESTION 8
8.1

QUESTION 9

o under optimal conditions.
g
7.21 Calculate the rms current passing
2 000 W through the toaster. (3)
7.2.2 Calculate the total rms current
delivered by the generator. (4)
[11]
The diagram shows a simplified version of a generator.
8.1.1  Write down the name of EACH part, R, T and X. (3)
8.1.2 Give the NAME of the law upon which the
operation of the generator is based. (1)

An AC supply is connected to a light bulb. The light bulb lights up
with the same brightness as it does when connectedtoa 15V

battery.
8.2.1  Write down the rms value of the potential difference of
the AC supply. (1)
8.2.2 If the resistance of the light bulb is 45 Q, calculate
the maximum current delivered to the light bulb. (4)
[9]
The diagram shows a simplified version of an AC generator.
9.1 Name the component in this arrangement that makes
it different from a DC generator. (1)
9.2 Sketch a graph of induced emf versus time for TWO
complete rotations of the coil. (2)

A practical version of the generator above has a large
number of turns of the coil and it produces an rms potential
difference of 240 V.

9.3 State TWO ways in which the induced emf can be
increased. (2)
9.4 Define the term root mean square (rms) value of an AC
potential difference. (2)
9.5 The practical version of the generator above is connected across an appliance rated at
1 500 W. Calculate the rms current passing through the appliance. (3)
[10]
QUESTION 10
10.1  The diagram shows different positions (ABCDA) of the coil in a DC generator for a complete revolution.

magnetic field

Terms, definitions, questions & answers

The coil is rotated clockwise at a constant speed in a
uniform magnetic field. The direction of the magnetic
field is shown in the diagram.

10.1.1  Write down the energy conversion that
takes place during the operation of the
DC generator (1)
10.1.2  Sketch a graph to show how the induced

emf of the generator varies with time.
Clearly indicate positions A, B, C, D and A
on the graph. (2)
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10.2 A small AC generator, providing an rms voltage of 25V, is
connected across a device with a resistance of 20 Q. The
wires connecting the generator to the device have a total
resistance of 0,5 Q. Refer to the diagram.

10.2.1 Write down the total resistance of the circuit. (1)
10.2.2 Calculate the average power delivered to the
device. (5)
[9]
QUESTION 11
11.1 Learners want to build a small DC motor as a project. Write down THREE essential components that
are needed for the building of the motor. (3)
11.2  An electrical device with a resistance of 11 Q is connected to an AC source with an rms voltage of
240 V.
11.2.1 Define the term rms voltage. (2)
11.2.2 Calculate the maximum (peak) current passing through the device. (4)
[9]
QUESTION 12
12.1  The diagram is a simplified representation of a DC motor. The
current in the coil is in the direction XY.
12.1.1 Name the component that ensures that the coil
rotates continuously in ONE DIRECTION. (1)
12.1.2  In which direction will the coil rotate? Write down
only CLOCKWISE or ANTICLOCK-WISE. (2)
12.1.3  Write down the energy conversion which takes place
while the motor is working. (2)
12.2  An AC generator, producing a maximum voltage of 320V, is
connected to a heater of resistance 35 Q.
12.2.1  Write down the structural difference between an AC generator and a DC generator. (1)
12.2.2  Calculate the root mean square (rms) value of the voltage. (3)
12.2.3  Calculate the root mean square (rms) value of the current in the heater. (4)
[13]
QUESTION 13
13.1 In the simplified AC generator, the coil is rotated clockwise
13.1.1 In which direction does the induced current flow in the coil?
Choose from: Xto Y or Y to X (1)
13.1.2 On which principle or law is the working of the generator
based? (1)
13.1.3 State the energy conversion that takes place while the
generator is in operation. (2)
13.2  The voltage output for an AC generator is shown below.
13.2.1 Write down the maximum (peak) output voltage of the generator. (1)
A stove is connected to the generator above, and delivers an average power of 1 600 W.
13.2.2  Calculate the rms voltage delivered to the stove. (3)
13.2.3  Calculate the resistance of the stove. (3)
[11]
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QUESTION 14

The graph shows the voltage output of a generator. Diagrams A and B show the position of the generator at
different times.

141 Does this generator have split rings or slip rings? (1)
14.2  Which ONE of the diagrams below, A or B, shows the position of the generator's coil at

time = 0,10 s? (1)
14.3  Calculate the root mean square (rms) voltage for this generator. (3)
14.4 A device with a resistance of 40 Q is connected to this generator.Calculate the:

14.4.1 Average power delivered by the generator to the device (3)

14.4.2  Maximum current delivered by the generator to the device (4)

2]

QUESTION 15

15.1 A simplified diagram of an electric generator is shown.

When the coil is rotated with a constant speed, an

emf is induced in the coil.

15.1.1 Is this an AC generator or a DC generator? (1)

15.1.2 Briefly explain how an emf is generated in
the coil when the coil is rotated by referring to
the principle of electromagnetic induction. (2)

15.1.3 Draw a sketch graph of the output voltage
versus time for this generator. Show ONE
complete cycle. (2)

15.2 A 200 Q resistor is connected to a DC voltage supply, as shown in diagram A. The energy dissipated in
the resistor in 10 s is 500 J. The same resistor is now connected to an AC source (diagram B) and 500 J
of energy is also dissipated in the resistor in 10 s.

15.2.1 Define the term rms voltage of an AC source. (2)
15.2.2  Calculate the maximum (peak) voltage of the AC source. (5)
[12]
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QUESTION 16

16.1 A simplified diagram of an electrical machine is shown.
16.1.1 Is this machine a DC motor or a DC generator? (1)
16.1.2 Write down the energy conversion that takes

place while this machine is in operation. (2)
16.1.3 Write down the name of component A in the
diagram. (1)

16.1.4 In which direction will the coil, shown in the
diagram, rotate? Choose from

CLOCKWISE or ANTICLOCKWISE. (2)
16.2  An electrical device is marked 200 W; 220 V.
16.2.1 Define the term rms voltage. (2)
16.2.2 Calculate the resistance of the device. (3)
This device is now connected to a 150 V AC source.
16.2.3 Calculate the energy dissipated by the device in 10 minutes. (5)
[16]
OPTICAL PHENOMENA AND PROPERTIES OF MATERIALS
QUESTION 1
o . Ultraviolet light is incident onto a photocell with a potassium
incident light potassium  cathode as shown.
cathode The threshold frequency of potassium is 5,548 x 10" Hz.
1.1 Define the term threshold frequency (cut-off
(l frequency). (2)
«— ¢ The maximum speed of an ejected photoelectron
| e e is 5,33 x 105 m-s™",
L 1.2 Calculate the wavelength of the ultraviolet light
used. (5)
The photocell is now replaced by another photocell with
DC source a rubidium cathode. The maximum speed of the ejected

photoelectron is 6,10 x 105> m-s™' when the same
ultraviolet light source is used.

1.3 How does the work function of rubidium compare to that of potassium?
Write down only GREATER THAN, SMALLER THAN or EQUAL TO. (1)
14 Explain the answer to QUESTION 1.3. (3)
(1]
QUESTION 2
A learner uses photocells to determine the maximum Ultraviolet light
kinetic energy of ejected photoelectrons. One photocell  Metal surface
has a caesium cathode and the other has a sodium
cathode. Each photocell is radiated by ultraviolet light from = I
the same source as shown below. \ € @
The incomplete results obtained are shown in the table .|
below. o
WORK FUNCTION OF THE MAXIMUM KINETIC ENERGY OF
NAME OF THE METAL METAL (J) PHOTOELECTRONS (J)
Caesium 3,36 x 10-1° 2,32 x 101
Sodium 3,65 x 1019 Ex
21 Define the term work function of a metal. (2)
2.2 Use the information in the table to calculate the wavelength of the ultraviolet light used in the
experiment. (4)
2.3 Calculate the maximum kinetic energy, Ek, of an electron ejected from the sodium metal. (4)
2.4 The intensity of the incident ultraviolet light was then increased.
2.41 Give a reason why this change does NOT affect the maximum kinetic energy of the ejected
photoelectrons. (1)
2.4.2 How does the increased intensity affect the reading on the ammeter? Write down only
INCREASES, DECREASES or REMAINS THE SAME. (1
2.4.3 Explain the answer to QUESTION 2.4.2. (2)
[14]
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QUESTION 3

3.1 In the diagram below, green and blue light green
are successively shone on a metal surface. 500 nm blue
In each case, electrons are ejected from the 400 nm
surface.
3.1.1  What property of light is illustrated by the photoelectric effect? (1)
3.1.2  Without any calculation, give a reason why the maximum kinetic energy of an ejected

electron, using blue light, is GREATER THAN that obtained using green light, for the same

metal surface.
3.2 The wavelength associated with the cut-off (threshold) frequency of a certain metal is 330 nm.
Calculate:
3.2.1  The work function of the metal
3.2.2 The maximum speed of an electron ejected from the surface of the metal when light of
frequency 1,2 x 10'® Hz is shone on the metal

QUESTION 4

()

(4)

(5)
[12]

In an experiment to demonstrate the photoelectric effect, light of different wavelengths was shone onto a metal
surface of a photoelectric cell. The maximum kinetic energy of the emitted electrons was determined for the

various wavelengths and recorded in the table below.

INVERSE OF WAVELENGTH % (%108 m™) MAXIMELIJ(:\:a:I(NxEI:ﬁe?;ERGY
5,00 6,60
3,30 3,30
2,50 1,70
2,00 0,70
4.1 What is meant by the term photoelectric effect?
4.2 Draw a graph of Ekmax) (y-axis) versus X (x-axis) on a graph paper.

4.3 USE THE GRAPH to determine:
4.3.1  The threshold frequency of the metal in the photoelectric cell
4.3.2 Planck's constant

()
(©)

(4)
(4)

[13]
QUESTION 5
An investigation was conducted to determine the effects of changes in /% Incident light
frequency AND intensity on the current generated in a photoelectric cell / ®
when light is incident on it. The apparatus used in the investigation is w
shown in the simplified diagram. @E
The results of the experiment are shown in the table below. ' I_I|
i
EXPERIMENT FREQUENCY (Hz) INTENSITY (Cd) CURRENT (uA)

A 4,00 x 10" 10 0

B 4,50 x 10" 10 0

Cc 5,00 x 104 10 0

D 5,01 x 104 10 20

E 5,01 x 104 20 40

F 6,50 x 1014 10 30
5.1 Define the term work function. (2)
5.2 Identify an independent variable. (1)
The threshold frequency for the metal used in the photocell is 5,001 x 10 Hz.
5.3 Define the term threshold frequency. (2)
54 Calculate the maximum speed of an emitted electron in experiment F. (5)
In experiments D and E, the current doubled when the intensity was doubled at the same frequency.
5.5 What conclusion can be made from this observation? (2)

2]

Terms, definitions, questions & answers

© Free State Department of Education



Physitacsaishkespigrhydidspen 15 tanmoreplsysics.com FS / January 2021

QUESTION 6

6.1

In an experiment on the photoelectric effect, light is incident on the surface of a metal and electrons
are ejected.

6.1.1  What does the photoelectric effect indicate about the nature of light? (1)
6.1.2 The intensity of the light is increased. Will the maximum speed of the ejected electrons
INCREASE, DECREASE or REMAIN THE SAME? Give a reason for the answer. (2)

The wavelength corresponding with the threshold frequency is referred to as threshold wavelength.
The table below gives the values of threshold wavelengths for three different metals.

METAL THRESHOLD WAVELENGTH (Ao) IN METRES
Silver 2,88 x 107
Calcium 4,32 x 107
Sodium 5,37 x 107

In the experiment using one of the metals above, the maximum speed of the ejected electrons was
recorded as 4,76 x 105 m-s-! for light of wavelength 420 nm.
6.1.3 Identify the metal used in the experiment by means of suitable calculations. (5)

6.2 The simplified energy

4 E A E i diagrams showing the
> Q) s > R possible electron transitions in
5 5 an atom are shown alongside.
c E2 c E> T
() ()
=2 E v =2 £ P Using the letters P, Q, R and
B ! @ 1 S, identify the lines that
3 5 CORRECTLY show
e e transitions that will result in the
- Eo - atom giving off an
EMISSION SPECTRUM.
Give a reason for the answer. (4)
[12]
QUESTION 7 A
71 A learner is investigating the
photoelectric effect for two different
metals, silver and sodium, using . sodium ,
light of different frequencies. The 2 silver
maximum kinetic energy of the é
emitted photoelectrons is plotted i
against the frequency of the light for
each of the metals, as shown in the
graphs below.
Frequency x 10™ (Hz)
0 504 11,42 >
7.1.1  Define the term threshold frequency. (2)
7.1.2  Which metal, sodium or silver, has the larger work function? Explain the answer. (3)
7.1.3 Name the physical constant represented by the slopes of the graphs. (1)
7.1.4  If light of the same frequency is shone on each of the metals, in which metal will the ejected
photoelectrons have a larger maximum kinetic energy? (1)
7.2 In a different photoelectric experiment blue light obtained from a light bulb is shone onto a metal plate

and electrons are released. The wavelength of the blue light is 470 x 10-° m and the bulb is rated at
60 mW. The bulb is only 5% efficient.
7.2.1  Calculate the number of photons that will be incident on the metal plate per second, assuming

all the light from the bulb is incident on the metal plate. (5)

7.2.2  Without any further calculation, write down the number of electrons emitted per second from
the metal. (1)
[13]
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QUESTION 8
Photoelectric tube A simplified diagram of an apparatus for
Incident light an experiment to investigate the photo-
electric effect is shown alongside. Light of

fixed frequency is incident on the cathode
- M of a photoelectric tube.
- - +/ During the experiment the ammeter (A)

K = I registers the photocurrent.

8.1 Define the term photoelectric effect. (2)

O @ \D _The intensity of the incident light is now
Potential difference increased.

8.2 State how this increase in intensity will affect the reading on the ammeter. Choose from INCREASE,
DECREASE or REMAIN THE SAME. Give a reason for the answer. (3)

When the frequency of the incident light is 5,9 x 10" Hz, the maximum recorded kinetic energy of

photoelectrons is 2,9 x 10-1° J.

8.3 Calculate the maximum wavelength (threshold wavelength) of the incident light that will emit an
electron from the cathode of the photo-electric tube. (5)
The maximum kinetic energy of the photoelectrons ejected increases when light of a higher frequency is used.
8.4 Use the photoelectric equation to explain this observation. (2)
[12]
QUESTION 9
A The graph is obtained for an experiment on the photoelectric effect
using different frequencies of light and a given metal plate.
. The threshold frequency for the metal is 6,8 x 104 Hz.
2 9.1 Define the term threshold frequency. (2)
g' In the experiment, the brightness of the light incident on the
ut metal surface is increased.
9.2 State how this change will influence the speed of the
photoelectrons emitted. Choose from INCREASES,
DECREASES or REMAINS UNCHANGED. (1)
g 9.3 Show by means of a calculation whether the photoelectric
0,, 6.8 f(x 101 Hz)' effect will be OBSERVED or NOT OBSERVED, if
monochromatic light with a wavelength of 6 x 10" m is used
in this experiment. (5)
One of the radiations used in this experiment has a frequency of 7,8 x 10" Hz.
9.4 Calculate the maximum speed of an ejected photoelectron. (5)
[13]
QUESTION 10
10.1 A teacher in a science class explains how I
different types of spectra are obtained. The light ' Spectrum Y
teacher uses the simplified diagrams shown O .
alongside for the explanation. hot |
gas
Name the type of spectrum of: Diffraction grating
1011 Y (1)
101.2 Z (1)
N/ |
/@\\ —pQ E Spectrum Z
cold gas I

hot, glowing bulb Diffraction grating
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10.2  In an excited atom, electrons can 'jump' from lower energy levels to higher energy levels. They can also
'drop' from higher energy levels to lower energy levels. The diagram (not drawn to scale) shows some of
the transitions for electrons in an excited atom.

+ E 2,044x10™J  10.2.1 Do the transitions indicated in the diagram
lead to ABSORPTION or EMISSION spectra? (1)
= E, 1.937 x 107 J 10.2.2 Calculate the freqyency of .the photon produced
] when an electron in an excited atom makes a
s transition from E4 to E2, as shown in the
g diagram. (4)
a The threshold frequency of a metal, Q, is 4,4 x 104 Hz.
g Ez . 3 1,635x10™J  10.2.3 Calculate the kinetic energy of the most
E energetic electron ejected when the photon
produced in QUESTION 10.2.2 is incident on
the surface of metal Q. (4)
Another metal, R, has a threshold frequency of 7,5 x 104 Hz.
10.2.4 Will the photon produced in QUESTION 10.2.2 be able to eject electrons from the surface of
metal R? Write down only YES or NO. Give a reason for the answer. (2)
[13]
QUESTION 11

111 In the diagram, monochromatic light is incident on the metal plate of a photocell. A sensitive ammeter
shows a reading.

11.1.1  How does the energy of the photons of the
incident light compare to the work function of
the metal plate? Choose from GREATER
THAN, LESS THAN or EQUAL TO. Give a
reason for the answer. (2)

11.1.2 When a change is made to the monochromatic
light, the reading on the ammeter increases. A
learner makes the following statement with
regard to this change:

The increase in the ammeter reading is due to
an increase in the energy of the incident
photons. Give a reason why this statement is
INCORRECT. (2)

11.1.3 What does the photoelectric effect tell us about the nature of light? (1)

11.2  Ultraviolet radiation is incident on the surface of sodium metal. The threshold frequency (fo)
for sodium is 5,73 x 10" Hz. The maximum speed of an electron emitted from the metal
surface is 4,19 x10% m-s.

11.2.1 Define or explain the term threshold frequency. (2)
11.2.2 Calculate the work function of sodium. (3)
11.2.3 Calculate the frequency of the incident photon. (3)
[13]
QUESTION 12

A group of students investigates the relationship between the work function of different metals and the maximum
kinetic energy of the ejected electrons when the metals are irradiated with light of suitable frequency.

12.1 Define the term work function. (2)
During the investigation ultraviolet rays of wavelength 2 x 10-® m are allowed to fall on different

metal plates. The corresponding maximum kinetic energies of ejected electrons are measured.

The data obtained is displayed in the table below.

METAL PLATE MAXIMUM KINETIC ENERGY (E(max))
USED (x 1018 J)
Lead 9,28
Potassium 9,58
Silver 9,19
12.2  Write down the dependent variable for this investigation. (1)
12.3  Write down ONE control variable for this investigation. (1)
12.4  Using the information in the table, and without any calculation, identify the metal with the
largest work function. Explain the answer. (3)
12.5  Use information in the table to calculate the work function of potassium. (4)
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12.6  State how an increase in the intensity of the ultraviolet light affects the maximum kinetic energy of the
photoelectrons. Choose from INCREASES, DECREASES, REMAINS THE SAME. Explain the answer.(3)

[14]
QUESTION 13
The threshold frequencies of caesium and potassium metals are given in the table below.
METAL THRESHOLD FREQUENCY
Caesium 5,07 x 10" Hz
Potassium 5,65 x 104 Hz
13.1 Define the term work function in words. (2)
13.2  Which ONE of the two metals in the table has the higher work function? Give a reason for
the answer by referring to the information in the table. (2)

The simplified diagrams below show two circuits, A and B, containing photocells. The photocell in circuit A
contains a caesium metal plate, while the photocell in circuit B contains a potassium metal plate. Ultraviolet light
with the same intensity and wavelength of 5,5 x 107 m is incident on the metal plate in EACH of the photocells
and the ammeter in circuit A registers a current.
13.3 By means of a calculation,
determine whether the
ammeter in circuit B will also
register a current. (3)
13.4  Calculate the maximum
kinetic energy of an ejected
electron in circuit A. (5)
13.5 How will the maximum kinetic
energy of the ejected
electron, calculated in
QUESTION13.4, change
when the intensity of the
incident light increases? Choose from: INCREASES, DECREASES or REMAINS THE SAME. (1)
[13]
QUESTION 14
A potassium metal plate is irradiated with light of wavelength 5 x 10" m in an arrangement, as shown below. The
threshold frequency of potassium is 5,55 x 10" Hz.

14.1 Define the term threshold frequency. (2)
14.2  Calculate the energy of a photon incident on the metal plate. (3)
14.3  Using a suitable calculation, prove that the ammeter will show a reading. (4)
14.4  The intensity of the light is now increased. Explain why this change causes an increase in the
ammeter reading. (3)
2]
QUESTION 15

During an experiment, light of different frequencies is radiated onto a silver cathode of a photocell and the
corresponding maximum speed of the ejected photoelectrons are measured.

A graph of the energy of the incident photons versus the square of the maximum speed of the ejected
photoelectrons is shown below.
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15.1  Define the term photoelectric effect. (2)
Use the graph to answer the following questions.

15.2  Write down the value of the work function of silver. Use a relevant equation to justify the answer. (3)
15.3  Which physical quantity can be determined from the gradient of the graph? (1)
15.4  Calculate the value of X as shown on the graph. (5)

The experiment above is now repeated using light of higher intensity.
15.5 How will EACH of the following be affected? Choose from INCREASES, DECREASES or REMAINS

THE SAME.
15.5.1 The gradient of the graph (1)
15.5.2 The number of photoelectrons emitted per unit time (1)
[13]
QUESTION 16
An experiment is conducted to investigate the
relationship between the frequency of light incident on
a metal and the maximum kinetic energy of the emitted
electrons from the surface of the metal. This
experiment is conducted for three different metals. The
graph represents the results obtained.
16.1 Name the phenomenon on which this
experiment is based. (1)
16.2  Name the physical quantity represented
by X on the graph. (1)
16.3  Which ONE of the three metals needs
incident light with the largest wavelength
for the emission of electrons? Give
a reason for the answer. (2)
16.4  Define the term work function in words. (2)
16.5  Calculate the:
16.5.1 Work function of platinum (3)
16.5.2 Frequency of the incident light that will emit electrons from the surface of platinum with
a maximum velocity of 5,60 x 10° m-s™' 4)
[13]
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ANSWERS TO QUESTIONS
NEWTON’S LAWS

QUESTION 1
1.1 When a resultant (net) force acts on an object, the object will accelerate in the direction of the force

with an_acceleration which is directly proportional to the force v and_inversely proportional to the

mass of the object.v’ (2)
1.2

T2 v
Accepted labels
w Fg / Fw/ force of earth on block / weight / 49 N / mg /
gravitational force
WY T2 | Tension 2/ Fa/ 250 N/ Fr2/ Fapp
T1 | Tension 1/Fr1/Fp
v 3)
1.3 T Fret=ma v
For 5 kg block:

T2+ (-mg) + (-T1)=ma

250 — (5)(9.8) - Tw'=5a

201-T1=5a

T1=201-5a...... : v'for either 5a or 20a

For 20 kg block:

T1+ (-mg) = ma......,

T1+[-20(9,8)] v = 20a

5=25a .. a=0,2m-s2upwards

.. T1=201-5(0,2)v=200Nv  ORT1=20(9,8) +20(0,2) v =200 N v (6)
14 Qv (1)

2]

QUESTION 2

2.1 When body A exerts a force on body B, body B exerts a force of equal magnitude v' in the opposite

direction v'on body A.

(2)

Accepted labels

Fg/Fw/force of earth on block / weight / mg / gravitational force

2.2
v v
w
v N | Normal force/Fn
L, T | Tension/ Ft
v FA F/ Fapplied/40 N
f | Frictional force / F¢
2.3.1 OPTION 1/0OPSIE 1 232
For the 1 kg block/Vir die 1 kg blok;
fi = UkN
= p mgcos6v’
=0,29 (1 x 9,8 cos 30°) v
= 246 Nv'
OPTION 2/0PSIE 2

BY PROPORTION:/DEUR EWEREDIGHEID

The smaller mass = v of the larger mass+’

Die kleiner massa = “ die groter massa

- frictional force/wrywingskrag = ¥ (10) v/
=25Nv

@)

Terms, definitions, questions & answers

Fret = ma~’

For 1 kg block!/Vir 1 kg blok
Ea—{(T+fx) + mgsinBl = ma
40— {T + 2,46 + 1(9,8)(sin30*v={1x)a v
40-T-736=a
3264 -T=a........ (1)
For 4 kg block{Vir 4 kg blok
T — (mg sing + f,) =4a
T-(4x9,8sin302+ 10) = 4av
T-29,6 =4a.........(2)
From (1) and £2].'Vanaf {1) en (2)

a=061ms
T=29,6+(4(0,61) v (6)
T= 32,04 NV [16]
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QUESTION 3
3.1
oo N Accepted labels
¢ w | v | Fg/ Fw/ weight/ mg / gravitational force
T T | v | Fr/tension
F | ¥ | Fa/Feo/60 N/ Fappied/ Fi/
N| ¥ | Fn
f v | Fs
v (5)
3.2.1  Feoy = Feo sinB Fsoy = Feocos@
Feoy = 60sin10° OR Fesoy = 60cos80°
=10,42 NV (2)
3.2.2 Feox = Feo cosO Feox = Feosin® v
Feox = 60cos102 OR Feox = 60sin80°
=59,09N v (2)
3.3 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 v and inversely proportional to the mass of the
object. v 2)
3.4 N = mg — Fesoy } OR Fy+N=w }/
N ={5(9,8) - 10,42} v N=w-Fy=mg-Fy
=38,58 N v =[(5)(9,8) — 10,42]
= 38,58 N v (2)
3.5
Fret = ma v’ OR T-m2g=maa OR T-2(9,8)=2a
T-196v=2a....ccccccevvvirinnnnnn. (1)
Feox=(f+ T) = mea
60cos10° — (f+ T) = 5a. 4 OR 60 sin 80° —[f +T) = 5a
60cos10° — [(UkN) v +T)] = 5a
59,09 — (0,5x38,58) -T v=5a
39,8—-T=5a.ccccccccvreenunnen. (2)
a=2,886 ms?
T-19,6=2(2,886)v .. T=2537NV
OR From equation (2): T = 25,37 N
OR T-196=2a.........ccevinnnns (1) x5
59,09-19,29 —T=5a...... ..(2)x2
7T—-1776=0v .. T=2537NV (7)
[20]
QUESTION 4
4.1.1  When body A exerts a force on body B, body B exerts a force of equal magnitude v in the opposite
direction v'on body A. (2)
41.2 | For2,5kg block OR Fret = ma }/ OR Fret = ma }/
T=mgv T-mg = (2,5)(0) mg - T = (2,5)(0)
~T=(2,5)9,8) v T-(25)98)v=0 (2,5)(9,8)-Tv =0
=24 5N v T=245NV T=245NV (3)
413 For mass M: fs = usN v = N =2(;+’25C= 122,5 N SSE v = Mg
N=Mg=1225N .. M(9.8)=1225N v M2=4’1%g_ké0'/2) Hea
S.M=125kg v ’ (5)
4.1.4 Forthe 5 kg block: For the 2,5 kg block:
fk = ukN w-—T=ma
f« = (0,15)(5)(9,8) v=7,35N (2598 -T=25av ..17,15=75
Fnet = ma sa=229ms?2V
T-fk=ma
LT-735=5av (5)
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4.2 E_G m,m, ,
r.2
(6,67 x10° )65 ><\/1020 )(90)
F=21 ’ 35 =1290N v (12,899 N)
(550x10%)2
OR
Gm
g =
)
v
_ (867x107"")(65x10%) Any one
(550 x10%)?
=0,143...m's?
w =mg
= (90)(0,143..) v = 12,89 N v' (downwards) (Accept 12,6 N - 12,90 N) (4)
[19]
QUESTION 5
5.1.1
(5)
5.1.2 OPTION 1/OPSIE 1 OPTION 2/OPSIE 2
Vi © = vi° + 2aAyY’ The 5 kg mass travels as fast as the 20 kg mass
=0v + (2)(7.,056)(6)v Die 5 kg massa beweeg net so vinnig soos die 20 kg massa
vi =9.20 m's™v Woat = AKY
(5)(7.056)(6c0s0%)¥ = ¥4(5)(vi* - 0)v
vi =920m's’v (4)
513 6mv (1)
5.2.1 Each body in the universe attracts every other body with a force that is directly proportional to the
product of their masses v'_and inversely proportional to the square of the distance between their
centres. v’ (2)
522 _ Gm,m, v
r2
On the mountain/Op die berg
(6,67 x107")(5,98 x 10**)(65) v
T (638x10°+6x10°) v
=627,2N
On the ground/Op die grond .. (6,67 x107)(5,98 x 10% )(65)
Fg=W=mg ’ (638x10°)
= (65 x 9,8)v | _—~=63694N
=637TN
Difference/Verskil = (637 — 627,2)v
=98 Nv (6)
[18]
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QUESTION 6
6.1 A body will remain in its state of rest or motion at constant velocity v unless a resultant/net force v
acts on it. (2)
6.2 0 (N) /zero (newton) v/ (2)
6.3 TV ﬂ;T
Accepted labels
OR w Fg/ Fw/ weight / mg / gravitational force
T Fr/ tension
15N | Fa/F1sn/ Fapplied/ Ft/ / F
w v
W Y
15N v v 15N
(3)
6.4 2 kg block 10 kg block
Fret = ma T+ (-fk) = ma
FatFot (T)=ma b, T- N = ma }/
Fat+ mg+ (-T) =ma T - pykmg = ma
[15+(2)(9.8)-T] v =(2)(1,2) vV 32,2 - (uk)(10)(9,8) v = (10)(1,2) v
T=322N S Mk= 0,21V (7)
6.5 Smaller than v/ (1)
6.6 Remains the same v
The coefficient of kinetic friction is independent of the surface areas in contact. v/
OR: The coefficient of kinetic friction depends only on type of materials used. v’ (2)
QUESTION 7
71 When a resultant/net force acts on an object, the object will accelerate in the (direction of the
net/resultant force). The_acceleration is directly proportional to the net force v'and inversely
proportional to the mass v'of the object. (2)
7.2 fc = ukN v'= pukmg = (0,15)(3)(9,8) v = 4,41 NV (3)
7.3 A
Nv Accepted Labels
w Fg4/ Fw/force of earth on block / weight /14,7 N /
f v mg /gravitational force
N Fn / Frormal/ normal force
T T | Tension/Fr
fi fkinetic friction / f / F / Kinetic friction
WY’ 25NV 25 N | Fapplied/ Fa/ F
v (5)
741 | OPTION 1 OPTION 2
fc = kN = pk(25sin 30° + mg) fk = ukN = px(25cos 60° + mg)
= 0,15[(25sin30°) v" + (1,5)(9,8) V] = 0,15[(25c0s60°) v" + (1,5)(9,8) V1]
=4,08 N v =4,08 N Vv (3)
7.4.2 For the 1,5 kg block
Fret = ma
Fx + (-T) +(- fk) = ma
25cos 30°—T —fk = 1,5a
(25cos 30°—T)—4,08 v=1,5a
17,571 -T=15a .......... (1
For the 3 kg block veither one
T-fk=3a
T-441v =3a 7 .......... (2)
13,161=4,5a .. a=2,925m's? and T=13,19N YV (13,177 N—-13,19N) (5)
[18]
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QUESTION 8
8.1.1 N
Accepted labels/Aanvaarde benoemings
T F W Fo/Fufweight/mg/gravitational force v
f F /F./gewig/mg/gravitasiekrag
— f_| Friction/Fi/fi/3 N/wrywing/F., v
N | Nommal (forceYF noma/Fn/Fromaal/F reactonireaksie | ¥
W F | FalFappieditoeqepas B v | (4)
812 fk=uNv
3=(02)Nv
N=15Nv (3)
8.1.3
Fnet = ma
N+ Fuwt-w =0 } v Any one
N+ Fuet=w
Esin20° v'=(2)(9.8) — 15 v
F=13.45 Nv 4
8.14

Fret = ma
Fcos 20— f=ma[ ¥ Anyone

13.45¢c0820° — 3 = 2av’

a=482ms2v (3)
8.2.1 Each body in the universe attracts every other body with a force that is directly proportional to the

product of their masses v'and inversely proportional to the square of the distance between their

centres. v/ 2)
8.2.2 Increases v

Gravitational force is inverely proportional to the square of the distance between the centres of the

objects. v’ OR Foci2 (2)
r
[18]
QUESTION 9
9.1 0 N/zero v )
9.2 N
Accepted labels
fi w Fo/Fw/weight/mg/gravitational force/N/19,6 N
f Friction/ Fe/friction/fk
N Fn/Frormal/normal force
Deduct 1 mark for any additional force.
w Mark is given for both arrow and label

3)
9.3.1 Fret=ma

fc - mgsing =0

fc = mgsin®

fk = (2)(9,8) sin7° v .. k=2,39N Vv (2,389) N (3)
9.3.2 fi=pN ) }\/ any one

= PJkmgcos?

2,389 = uk(2)(9,8)cos7° v .. uk=0,12 v (3)
9.3.3 Fnet=ma OR -fk=ma OR pukN=ma v

- l(mg) = ma

-(0,12)(2)(9.8) v=2av .. a=-1,176 m.s2 (-1,18)

v = vi2 + 2alAx

} v~ 1 mark for any of these

0=(1,5)2+2(-1,176)Axv" .. Ax=0,96 m .". Distance = 0,96 mv’ (5)
[13]
QUESTION 10
10.1.1 An object continues in its state of rest or uniform motion (moving with constant velocity) unless
it is acted upon by an unbalanced (resultant/net) force.v'v/ (2)
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10.1.2 N F
Accepted labels
w Fy/ Fw/weight/mg /78,4 N/gravitational force
fi F Fapp/Fa / applied force (Accept T / tension)
fi (kinetic) friction/Fi/f/F,,
N Fn/Normal (force)/ 67,9 N
w
10.1.3 Fret = ma
Fret=0 OR
F+(-f) + (-Fg) =ma [ Y/Any one F-20,37v -39,2v =0V
F- (fc + Fai ) = ma F=5957NVv
F - 20,37v - (8)(9,8)sin30°v' =0 v .."F=59,57 N v OR
OR F ={20,37 v + (8)(9,8)sin30°v}v'
F - 20,37v'- (8)(9,8)cos60°v =0 v ..F=5957 N v
10.1.4 | OPTION1 OPTION 2
Fret = ma Fret = ma
(Fgy - fk) = ma (fk- Fgr) =ma
(8)(9,8)sin30° - 20,37v =8a v 20,37 +[-(8)(9,8)sin30°]v' = 8a v
~magnitude a = 2,35 m-'s2v’ ~a=-2,35m-s?
- magnitude a = 2,35 m's2v’
MOTION OF BLOCK MOVING UP PLANE IMMEDIATELY AFTER FORCE IS REMOVED:
OPTION 1 OPTION 2
Downward positive Upwards positive
Fret = ma Fret = ma v
(Fgn + f) = ma (Fgu+ fc) = ma
(8)(9,8)sin30° + 20,37v' =8a v -(8)(9,8)sin30° — 20,37 v = 8a v
~magnitude a = 7,45 m-s2v ~a=-7,45m-s?.. magnitudea=7,45m-s?v
10.2.1 Each body in the universe attracts every other body with a force that is directly proportional to the
product of their masses v" and inversely proportional to the square of the distance between their
centres. v/
10.2.2 | OPTION 1 OPTION 2
g= G_;Vl v F=G%
. r » g - GTM v'Any one
6:(6,67x103)2M v 2
(700x10%) 1
M =4,41x 1022 kg v (200)(6{= ©, Z;;Oox1(;g’2)20)M/ “M=4,41x102kg v
QUESTION 11
11.1  An object continues in its state of rest or uniform motion (moving with constant velocity) unless it is
acted upon by a resultant/net force.v'v’
11.2 N
Accepted labels
w | Fg/Fw/weight/mg/gravitational force | v/
K T f | Friction/Fi/fc/27 N v
- " N | Normal (fOfCG)/Fnormal/FN /Freaction v
T | Fr/tension v
w
11.3 Object Q: Object P:
3sVv
YV

Graph Y represents motion of Q after the string breaks and shows a decreasing velocity v'with a

negative acceleration, v because the net force (friction) on Q is in opposite direction to its motion.v’
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QUESTION 12
12.1  The rate of change of velocity. v'v/ (2)
122 Ay = vidt + Vo aAt?v
05=(0)3)+% (a)33) v ~a=0,11ms2v (3)
12.3  For the 3 kg mass:
Frete=maOR(mg-T)/(mg+T)=mav ~(3)98)-T=(3)011)v ~T=29,07NV (3)
12.4
N Accepted labels
fv T w | Fg/ Fw/ weight / mg / gravitational force | v/
D " f | Friction/ F/fc/ 27 N v
N | Normal (force) / Fnormat / Fn//Freaction v
w T | Fq/tension v
(4)
12.5 For P: OR
Fret =ma For P:
T-f=ma v Fret=ma
2907 - 27 = m(0.11) v T-f=ma [ Y
m = 18,82 kg v* (Range: 18,60 — 18,82) 29,72 -27=m(0,11) v = m=24,73 kg v
QUESTION 13

13.1  When a (non-zero) resultant/net force acts on an object, the object will accelerate in the direction of
the force with an acceleration that is directly proportional to the force and inversely proportional to the

mass of the object. v'v' (2)
13.2 NI%
TV Accepted labels
ol N | Fn; Normal, normal force v
f | Fi/ fk/ frictional force/kinetic frictional force v
w_| Fg; mg; weight;Fearth on block;FW / 78,4 N v
T | Tension; Fr/Fa, F /16,96 N v
wv (4)
13.3.1 The 2/8 kg block /system is accelerating. v/ (1)
13.3.2 For 2kqg:
= Fret=ma .. mg+T=ma
Fret ma v Any one B _
mg -T= ma (2)(-98)+T=2(-132) v ~T=16,96 N v
(2)(9.8)-T=2(1,32) v ~T=16,96N Vv (3)
13.3.3 Fret=ma
Tcos15° - f=ma v'any one
Tx= Tcos15°
= 16,96 cos15° = 16,38 N (16,382 N)
16,382 —f v =(8)(1,32) v' . f=5,82 N (to the left) v’ 4)

13.4 ANY ONE
Normal force changes/decreases v/
The angle (between string and horizontal) changes/increases.

The vertical component of the tension changes/increases. (1)
135 YesVv
The frictional force (coefficient of friction) depends on the nature of the surfaces in contact. v/ (2)
[17]
QUESTION 14
14.1.1 NV
Accepted labels
f% N | Fn/Normal/normal force v
f | Fefi/frictional force/kinetic frictional force v
w | Fg/mg/weight;Fw/gravitational force v
v
Tv F | FA/90 N/Fgo
wv’
14.1.2 Since it is moving at constant speed, the acceleration is zero/ the net force acting on it is zero. v/ (1)
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14.1.3
Fret = ma OR Fnet = ma
Fret =0 v any one Fret =0 v any one
Fu= f y Fu= f y
Fx—f=0 Fx—f=0
Fcos 40°-f=0 Fcos 320°-f=0
90cos40°—f=0 Vv 90 cos 320° —f=0 vV
f=68,94 N Vv f=68,94 N Vv
14.1.4 | OPTION 1 OPTION 2
vi = Vi + aAt Fret. At = Ap v
2=0v+a3) v Fcos 40° v- (68,94) v(3) v=15(2—-0) v
a=0,67 ms? F=103,11 NV
Fret=ma v
Fcos40° v— 68,94 v = 15 (0,67)
F =103,11 N v (103,05 N — 103,11N)
14.2 OPTION 1 OPTION 2
F—G—m1m2\/ 20 = (1 v
r? 10) ?T_z(;q—ogg‘) v Any one
‘/= x 11 mplanet 10 ‘/ GM
20"= (6,67x10 )7(6”05)2 9- 37
Mptanet = 1,08 x 1022 kg v/ _(667x10")M
(6x10°)
M = 1,08 x 1022 kgv’
QUESTION 15
15.1  When a resultant/net force acts on an object, the object will accelerate in the direction of the force with
an acceleration that is directly proportional to the force v and inversely proportional to the mass of the
object. v
15.2
N
T
Accept the following symbols
f N v Fn/Normal/Normal force
Fv F+ /fk /frictional force/kinetic frictional force
w v Fg/mg/weight/Fearth on biock/ 19,6 N/gravitational force
W Tv | Tension/Fr/Fa/F
15.3  Forthe 2 kg block:
Fret = ma
T +(- wi)+(- fk) = ma v'Any one
T — (wit fk) =ma
T—(2)(9,8)sin30°v —2,5v =2a v
T-98 -25=2a
T-123=2a.......... )
For the 3 kg block:
Fx + (-T) +(- wi) = ma
Fx— (T +wi) =ma
[40 cos 25°v — T — (3)(9,8)sin30°v] v = 3a
36,25-T—-14,7=3a
2155-T=3a............. (2)
9,25=5a ~a=185ms2v
15.4  Greater than v/

Fret increases. v/
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QUESTION 16
16.1  The perpendicular force exerted by a surface on an object in contact with the surface. v'v/ (2)
16.2 Fapplied N
f T
w
(5)
16.3 For the 20 kg: 16.4.1 Decreases v (1)
Fret = ma v .
T—f—Fac=ma 16.4.2 Velocity decreases v/
T_5-35c0840° v =0 v Accelerates/Net force to left v'v/
T=31,81N OR _
As the tension decreases, the net
For force/acceleration acts in the opposite
Frot = Ma direction of motion /to the left. v'v/ (3)
mg—-T=ma
m(9,8)-31,81 v =0
m=3,25kg v
(5)
[16]
VERTICAL PROJECTILE MOTION
QUESTION 1
1.1 Motion under the influence of the gravitational force/weight ONLY. v'v/ (2)
1.2 OPTION 1
Upwards positive: Downwards positive:
Ay = ViAt + Y2 aAt2 v Ay = ViAt + Vo aAt? v
0v =15At+%(-9,8) At2 v 0v =-15At+%(9,8) A2V
At=3,06s . lttakes 3,06 s v At=3,06s -~lttakes 3,06s v
OPTION 2
Upwards positive: Downwards positive:
Vi = Vi +aAt v Vi = Vi + aAt v
0v =15 +(-9,8)At v 0v' =-15+(9,8)At v
At=1,53s At=1,53s
It takes (2)(1,53) = 3,06 s v It takes (2)(1,53) = 3,06 s v (4)
1.3 Upwards positive: Downwards positive:
viZ =v7? +2aAy v viZ =v7? +2aAy v
For ball A For ball A
0=(15)>v +2(-9,8)Ay v ~ Aya=11,48m 0=(-15)>v +2(9,8)Ayv . Aya=-11,48 m
When A is at highest point: When A is at highest point:
Ays = ViAt + V5 aAt? AyB = ViAt + V2 aAt?
=0+%(-9,8) (1,53)?2 vV =0+%(9,8) (1,53)? vV
Ays =-11,47 m - Ays = 11,47 m downward Ays = 11,47 m -~ Ays = 11,47 m downward
Distance = ya +ys = 11,47 + 11,48 v Distance =ya+ys = 11,48 + 11,47 v
=22,95m v =22,95m v
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1.4 UPWARD AS POSITIVE

DOWNWARD POSITIVE
y

15

1,53 3,06 (s

v (m-s™)

Marking criteria

v

Graph starts at correct initial velocity shown.

Time for maximum height shown (1,53 s).

Time for return shown (3,06 s)

Shape: Straight line extending beyond 3,06 s

NANANAN

QUESTION 2
2.1 Free fall v/

2.2.1 Upward positive:

Downward positive:

222 POSITIVE MARKING FROM QUESTION 2.2.1.
Downwards as positive
23 +
iy Each line correctly drawn: v'v/
% Axes labelled correctly: v/
A or
S Ep ’ .
@ i(s)
o
§
QUESTION 3
3.1 5,88 m's'v
3.2 OPTION 1 OPTION 2

vi2 = vi2 + 2aly v
(-19,6)2 = (5,88)2 + 2(-9,8) Ay v

Area between graph and t-axis for 2,6 s
Ay = %2 bh + 2 bh

By symmetry ball returnsto Aat 1,2 s
downward and v = -5,88 m-s™!
Ay = Area of trapezium
= Y5(sum of parallel sides)(h) v/
= 15{(-5,88) +(-19,6)} (2.6 - 1,2) Vv
=-17,84m
~.Height above ground = 17,84 m v

Ay =-17,84m =% (0,6)(5,88)v'+ ¥4(2,6 — 0,6)(-19,6)v
Height above ground = 17,84 m v = - 17,84 m ~Height above ground = 17,84 m v
OPTION 3 OPTION 4

Ay = (ij y

Ay = [5,88 +(-19,6)
2
~Height above ground =17.84 m v

j2,6 v =-17,836 m

3.3 OPTION 1

|0Pn0N2
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32-26 . vi = vi + alit
tp= (T] +2,6v TimeatP (tp)=2,9s v 0=2,94 + (-9,8)At v
At=0,3s ~ $=26+0,3=29s v
OPTION 3
Gradient = -9,8
A 0-294 _
Z’f 98 . ——"-=08Y . At=03s TimeatP ()= (26+03) =295~ 2
3.4 OPTION 1 OPTION 2 OPTION 3

Ay = area under graph v Ay = vilt + YeaAtzv v = vi2 + 2ally v

=1%(0,3)(2,94) v =(2,94)(0,3) + ¥(-9,8)(0,3)> v | 0 =2,942 + 2(-9,8)Ay v’

= 0,44 mv’ =044 m v Ay = 0,44m v (3)

3.5 Fort=29s % =29s
Distance travelled by balloon since ball was dropped
Ay = vAt = (5,88)(2,9) v = 17,06 m
Height of balloon when ball was dropped = 17,84 m
Height of balloon after 2,9 s = (17,05 + 17,84) v = 34,89 m
Maximum height of ball above ground = 0,44 m

~distance between balloon and ball = (34,89 — 0,44) v = 34,45 m v 4)
[13]
QUESTION 4
4.1 Upwards positive Downwards positive
vi=vi+aAt v vi=Vvi+aAt v
-16v' =16 — 9,8(At) v 16 v =-16 +9,8(At) v
At=3,27s v At =3,27s v (4)
4.2 Upwards positive: Dovaards positive:
A
16 16

= o
%) S
£, 3,26 R > R
3 | (s) 38 s)
(@] ()
) I >
> |

|

! -16

Criteria for graph

Correct shape for line extending beyond t = 1,63 s.
Initial velocity correctly indicated as shown.
Time to reach maximum height and time to return to the ground correctly shown. v

NEN
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4.3 Marking criteria:
e Both equations v
e Equation for distance/displacement covered by A. v/
e Equation for distance/displacement covered by B. v/
e One of equations to have time as (At + 1) or (At—1). v
e Solutionfort=2,24s. v
e Final answer: 11,25 m v
Upwards positive: Downwards positive:
Take ya as height of ball A from the ground: | Take ya as height of ball A from the ground.
Aya = ViAt + V5 aAt? Aya = ViAt + Y5 aAt?
ya- 0 = 16At + ¥5(-9,8)At? =16At — 4,9At2 v/ ya - 0 = -16At + 15(9,8)At?
Take ys as height of ball B from the ground: = -16At + 4,9At2 v v'Both
Ays = ViAt + ¥ aAt? Take ys as height of ball B from the ground.
ys— 30 = (viAt + Y% aAt?) AyB = ViAt + V5 aAt?
y =30 -[-9(At-1) + ¥4(-9,8)(At—1)> v | yg — 30 = — (viAt + Y2 aAt?)
= 34,1 +0,8At - 4,9 At2 vV y =30 —[9(At -1) + ¥4(9,8)(At — 1)?V
YA =YB =34,1+0,8At-49 A2V
~16At — 4,9At2 = 34,1 + 0,8At - 4,9At2 ya =y~ 16At — 4,9At2 = 34,1+ 0,8At — 4,9A1?
15,2At =341 ~ At=224s vV 2152At=34,1 =At=224s vV
ya=16(2,24)-4,9(2,24)) =11,25m v Aya = (- 16 (2,24) + 4,9(2,24)2) = 11,25 m v (6)
[13]
QUESTION 5
5.1.1 OPTION 1/OPSIE 1
erards positive/Opwaarts positief.
vi© = vi? + 2alyv
vi? = (-2)* + 2(-9,8)(-45)v
vi=29,76 ms”v
OPTION 2/0PSIE 2
Upwards positive/Opwaarts positief. Downwards positive/Afwaarts
Ay = viAt + YsaAt? v positief:
for either equation/vir beide vergelykings | Ay = viit + YaAt? v
- 45 =- 2At + 14{-9,8)At for either equation/vir beide
-49 AP-2At+45=0 vergelykings
49 AF+2At-45=0 v 45 = 27t + ¥4(9,8)A
At=283 49 AP +2At-45=0 v
At=283
Vr=\|'i+aﬂl ‘Ilrf:"l"i"'aﬂt
vi =0+ (-9,8)(2,83) vi = 0+4(9,8)(2,83)
vi=-29,73msv vi=29.73ms’ v 4)
5.1.2 OPTION 1/OPSIE 1 Downwards positive/Afwaarts
Upwards positive/Opwaarts positief: positief
The balls hit the water at the same The balls hit the water at the
instant./Die balle tref die wafer gelyktydig same instant./Die balfe tref die
vi = v, +alt v water gelyktydig
Ball/Bal A vi = v +alt v
-29,76 = -2+(-9,8) At Ball/Bal A
At=283s v 2976 =2+ (9,8) At
. for balllvir bal B At=283s v
Ats =2,83-1=183s . for ball/vir bal B
) Atg=2,83-1=183s
.-, for ballfvir bal B i .
... for balllvir bal B
Atg =2,83-1=183s+ Ag=283-1=183sv
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OPTION 2
Upwards positive/Opwaaris positief. Downwards positive/Afwaarts
Ball/Bai A positief:
Ay = viit + Veant? v Ay = vilst + Vsaht? v
- 45 =- 2At + ¥%(-9,8)AF 45 = 21t + /49, 8)At"
49 AP-2A1+45=0 4 GALT+2A1-45=0
4,9 AP +2At-45=0 At=283 ¥
At=283v .. for ballfvir ba! B
. for ball/vir bal B Atg =2,83-1=183s¥
Atg=283-1=183s~ (4)
51.3 Downwards positive:
Ats =1,83 s
Ay = viAt + YeaAt?
45 = vi(1,83) + ¥5(9,8)(1,83)?
= a1
vi=15,62 m's (@)
5.2 Upward positive Downward positive
Marking criteria Marking criteria
One mark for each intial velocity v One mark for each intial velocity Y
2m-s' & 15,62 ms! -2mss' &-15,62 m-s'!
Release time of ball B:t=1s v Release time of ballB: t=1s v
Flight time for both balls indicated as v Flight time for both balls indicated as v
the same on time axis. (2,83 s) the same on time axis. 4)
Shape — parallel lines v Shape — parallel lines v [16]
QUESTION 6
6.1 An object which has been given an intial velocity v' and then moves under the influence of the force
of gravity only. v/ (2)
6.2 OPTION 1
Upward positive Downward positive
vi=vi+aAt v vi=vi+alAt v
-30 =30V + (-9,8)At v At=6,12s v 30 =-30v + (9,8)At v At=6,12s v
OPTION 2
Upward positive Downward positive
vi = vi+aAt v » 0 =30 v + (-98)At v |vi=vitaAtv ~0=-30v +(9,8)AtV
At=3,06 s - total time = (2)(3,06)=6,12s v | .. At=3,06 s - total time = (2)(3,06) =6,12s v 4)
6.3
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Ay = vit + V5 a2

Ayiast= Ay(s,12) - Ay(5,12)
= {30(6,12) +¥2 (-9,8)(6,12)? }v'- {30 (5,12) +%5 (-9,8)(5,12)3}v
=-25,076

Distance = |Ay| = 25,08 m v

Downward positive

Ay = Vit + ¥ a2 }/

Ayiast= Ay(6,12) - Ay(5,12)
={-30(6,12) +¥% (9,8)(6,12)? }v'- {-30(5,12) +¥2 (9,8)(5,12)3} v’
= 25,076

Distance = |Ay| = 25,08 m v

Upward positive }
v

(4)
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.6.4 Upward positive Downward positive
Ay = viAt + Yo alt? v Ay = vilt + Y2 alAt? v
-50v'=[vi (4,12)] + [ (-9,8)(4,12)7] v 50v'=vi(4,12) + [ (9,8)(4,12)?] vV
vi = 8,05 m-s" vi=-8,05 m-s'’
speed = 8,05 ms! v speed = 8,05 ms' v
6.5 Upwarxl positive: Downmﬁrd positive:
30
—~ 30 -~
‘T('/é 8,05 A £
; TNON3,06 6,12 R 3 R
g 2 | time (s) g time (s)
0 | > -8,05
270 ) (S N !
-30
v v
Marking criteria Marking criteria
Correct shape of A. v Correct shape of A. v
Correct shape of Graph B parallel to | ¥/ Correct shape of Graph B parallel to |
A below A. A above A.
Time at which both A and B reach | v Time at which both A and B reach |
the ground (6,12 s). the ground (6,12 s).
Time for A to reach the maximum | v Time for A to reach the maximum |
height (3,06 s) shown. height (3,06 s) shown.
QUESTION 7
71 The motion of an object under the influence of weight/ gravitational force only / Motion in which
the only force acting is the gravitational force. v'v'
7.2 OPTION 1: Upwards positive OPTION 1: Downwards positive
v = vi2 + 2ally v’ ve = viZ + 2ally v
= 02+ (2)(-9,8) v (-20) v =02+ (2)(9,8) v (20) v
vi=19,80 ms' v vi=19,80 m-s' v
OPTION 2: Upwards positive OPTION 2: Downwards positive
Ay = viAt + Y5 aAt? Ay = vit + V5 aAt?
-20 =0 + 4 (-9,8) At?v ; 20=0 + % (9,8) At?v .
At=2,02s 9 veitherone 1 202 ©o Y either one
vi = vi + alt v = vi + at
=0+ (-9,8)(2,02) v =0+(9,8)(2,02) v
=-19,80m-s?! .. vi=19,80 m-s?! v =19,80 m's' v
7.3 OPTION 1: Upwards positive OPTION 1: Downwards positive
vi= Vi + alt v’ vi=vi+aAt v
-1980=0+(98)Atv .. At=202sV 1980=0+ (98)Atv .. At=202sV
OPTION 2: Upwards positive: OPTION 2: Downwards positive:
Ay = viAt + V5 aAt2v Ay = viAt + Y% aAt?v
20=0 +% (-9,8) AtV .. At=202sV 20=0 + % (9,8) A2V .. At=202sV

FS / January 2021

Terms, definitions, questions & answers
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7.4 Downward positive Upward positive
R 0 Time (s) -
o ~ v
E 2
> Y E
8 z
2 S
[}
0 >
Time (s) v
v'v' | Straight line through the origin.
Deduct 1 mark if axes are not labelled correctly.
(2)
[11]
QUESTION 8
8.1 The only force acting on the ball is the gravitational force. v'v/
8.2.1 OPTION 1
Upwards as positive Downwards as positive
Ay = vildt + YeaAt2v’ Ay = vildt + V2 aAt2v’
= (10)(3) + ¥4(-9,8)(32) v = -14,10 = (-10)(3) + 2 (9,8)(3%) v = 14,10
Height of building = 14,10 m v/ Height of building = 14,10 m v/
OPTION 2
Upward as positive Downwards as positive
For maximum height: For maximum height:
vi = Vi + aAt vi = vi + aAt
0=10+(-9,8)At .. At=1,02s 0=-10+(9,8)At .. At=1,02s
Time taken from point A to ground: Time taken from point A to ground:
3-2(1,02)=0,96 s 3-2(1,02)=0,96 s
Ay = viit + Y5 aAt?v’ Ay = viAt + Y5 aAt?v
= (-10)(0,96) + ¥ (-9,8)(0,96)*>v = (10)(0,96) + ¥4 (19,8)(0,96)*> v
=-14,1184 .. Height=14,12m v =14,1184 ..Height=14,12m v (3)
822 Upwards as positive: Downwards as positive:
vi=vi+aAt v = (10) + (-9,8)(3) v =-19,41 vi=vi+alAt v = (-10) + (9,8)(3) v = 19,41
Speed = 1941 m-s' v Speed = 1941 m-s' v
823 Upwards as positive: Downwards as positive:
vPe= vi2 + 2ally v/ v2= vi2 + 2ally v/
0 =vi2+(2)(-9,8)(8) v .. vi= 12,52 m-s"" 0 =vi2+(2)(9,8)(-8) .". vi=-12,52
Speed = 12,52 m's' v Speed = 12,52 m's' v (3)
8.3 Upwarﬂs as positive Downwan;?s as positive
12.52 1941(---------=--7
1 ~ !
= ® |
2 £ : 3,2
£ > Z = >
=0 (s) g 0 3] t(s)
© o |
$ > :
= -10 :
-19,41 -12,52|-===-=--=----
v v

Marking criteria
Two parallel lines correctly drawn. v
Mark for velocity calculated in Q8.2.2. v

Mark for velocity calculated in Q8.2.3.
Times 3 s and 3,2 s correctly shown. v

Terms, definitions, questions & answers
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QUESTION 9

9.1

9.2 No v' The balloon is not accelerating./The balloon is moving with constant velocity./The net force
acting on the balloon is zero.v'
9.3 OPTION 1 Upward positive: Downward positive:
Ay = vildt + Vo aAt?v Ay = vilit + V2 aAt?v
22V = (12) At+ % (F9.8)A2V LAt =2s Vv | 22v=(12) At + Y (9.8)A2V L At=2sV
OPTION 2
Upward positive: Downward positive:
vf2 =vi2 +23Ay\ vf2 =vi2 +23Ay\
viZ =(-12)? +(2)(-9.8)(-22) v vBoth viZ =(1.2)% +(2)(98)(22) v ¥ Both
vi = -20,8 m-s/ vi= 20,8 m-;/
vi = vj + at vi = vi + aAt
-208=-12+-98Atv .. At=2sVv 208=12+98Atv .. At=2sV
94 Upward positive: Downward Positive:
vi=vi+talAtv'.. 0=15+(-9,8)At v vi=vi+alAtv .. 0=-15+(9,8)At v
S At=1,53s SAt=1,53s
Total time elapsed =2 + 1,563+ 0,3 v Total time elapsed =2 + 1,53 + 0,3v
=3,83s =3,83s
Displacement of the balloon: Displacement of the balloon:
Ay = vidt + Y2 aAt2=-(1,2)(3,83) v=-4,6 m Ay = viAt + 2 aAt?2 =(1,2)(3,83) v = 4,6 m
Height=22-46 v =17,4m v Height=22-46 v =17,4m v
OR OR
yr=yi +Ay = [22 — (1,2)(3,83)] vV =17,4 m yr=yi+Ay =[-22 +(1,2)(3,83)] vv =-17,4m
. Height =17,4 mv’ ’. Height=174m v
QUESTION 10
10.1 OPTION 1
Upwards positive: Downwards positive:
vi=vi+alAtv . 0= (12) + (-9,8)(At) v’ vi =vi+alAtv .. 0=(-12) + (9,8)(At) v
JOAt=122 sV SOAt=122sv
OPTION 2
Upwards positive: Downwards positive:
vf2 = vi2 + 2aAy vf2 = vi2 + 2aAy
0=122+2(-9,8)Ayv .. Ay=7,35 0=(-12)?+2(9,8)Ayv .. Ay =-7,35
Ay = viAt + Y5 aAt?v Ay = viit + Y5 aAt?v’
7,35 =12At + % (-9,8)At2 .. At=122sv -7,35=-12At + 5 (9,8) A2 .. At=122sv
10.2 OPTION 1
Upwards positive: Downwards positive:
vi=vitaAtv . -3v=-vv +(-98)(1,22) v vi=vitaAtv . .3v=v v +(9,8)1,22) vV
v=598ms'v (59781to 6,03 m's’) v=598ms'v (5,9781to 6,03 ms)
OPTION 2
Upwards positive: Downwards positive:
FretAt = m(vs- vi) v/ FretAt = m(vs- vi) v/
mgAt = m(vs — vi) mgAt = m(vs — vi)
(-9,8)(1,2245) v = -3v — (-v) vV (9,8)(1,2245) v = 3v - vv
S.v=6,00ms’! v v=6,00m-s'!v
10.3 OPTION 1
Upwards positive: Downwards positive:
Ay = vidt + YeaAt2v Ay = viAt + YeaAtzv’
=(-5,98)(2,44) + 15(-9,8)(2,44)2v = - 43,764 = (5,98)(2,44) + 15(9,8)(2,44)2 v = 43,764
~h =43,76 mv (43,764 to 44,08 m) ~h =43,76 mv' (43,764 to 44,08)
OPTION 2
Upwards positive: Downwards positive:
vi= Vi + aAt vi=vi + alt
vi=-5,98 + (-9,8)(2,44) = - 29,892 m-s™" vi=5,98 + 9,8(2,44) =29,892 m-s™’
viZ =v;? +2aAy v viZ =v;? +2aAy v
(-29,892)2 = (- 5,98)2 + 2(-9,8)Ay v (29,892)2 = (5,98) + 2(9,8)Ay v
Ay =-43,763 m Ay =43,76 m
. h =43,76 mv'(43,764 to 44,08) ~ h=43,76 mv' (43,764 to 44,08)

(Motion of) an object which has been given an initial velocity and then moves under the influence of
the gravitational force/weight only. v'v/

Terms, definitions, questions & answers
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OPTION 3
Upwards positive:
For A: vs = vi + alt
-12=12+(-9,8)At .. At=245s
For B: Ax = vilAt + V2 alAt2 v/
= (-5,98)(2,45) + ¥4 (-9,8)(2,45)2 v’

Downwards positive:
For A: vi=vi+ alt .. 12 =-12 + (9,8)At
SO At=245s
For B: Ax = viAt + Y2 aAt?2 v/
= (5,98)(2,45) + /5 (9,8)(2,45)> v

=-44,06m ..h=4406mYv =44,06m ..h= 4406 m v (3)
104 Upwards as positive Downwards as positive
A A
0 A :_n
£ £
£ 598 Z 598
E -
>
v v
Criteria for graph
Time 1,22 s shown correctly v
Initial velocity for stone B at time t = 0 correctly shown with correct signs v
Two sloping parallel lines with A crossing the time axis v 4)
Straight line graph for A parallel to graph B, extending beyond the time when B hits ground | v [14]
QUESTION 11
11.1 10m-s*v (1)
11.2  The gradient represents the acceleration due to gravity (g) v' which is constant for free fall. v (1)
11.3 OPTION 1
(3)
11.4 OPTION 1 OPTION 2
(4)
1151 02sVv (1)
1152 4955s vV (2)
1153 -27Tm's'v (1)
11.6  Inelastic v The speeds at which it strikes and leaves the ground are not the same/The kinetic
energies will not be the same. v/ (2)
[16]
QUESTION 12
12.1 Motion under the influence of gravity/weight/gravitational force only. v'v/ (2)
12.2 OPTION 1

UPWARDS AS POSITIVE
Ay = vilit + V2 aAAt?v = (0)(1) + ¥ (-9,8)(12) v
=-49m
Height = 2Ay = (2)(4,9)
=98mv

DOWNWARDS AS POSITIVE
Ay = vilit + Y2 alt?v = (0)(1) + % (9,8)(12) v
=49m
Height = 2Ay = (2)(4,9)
=98mv

Terms, definitions, questions & answers
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OPTION 2
UPWARD POSITIVE DOWNWARD POSITIVE
vi=vi+aAt=0+(-9,8)(1) =-9,8 m-s-" vi=vi+aAt=0+(9,8)(1) =9,8 m-'s
v = vi2 + 2alyv’ v = vi2 + 2alyv’
(-9,8)2 =0+ (2)(-9,8)Ay v (9,8)2=0+ (2)(9,8)Ay v
Ay=-49m Ay = 49m
Height/hoogte = 2Ay = (2)(4,9) Height/hoogte = 2Ay = (2)(4,9)
=98 mv =98 mv
12.3 UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
v = vi2 + 2alyv’ v = vi2 + 2alyv’
=0+ (2)(-9,8)(-9.8) v =0+ (2)(9,8)9.8) v
vi=13,86 ms' v vi= 13,86 ms' v
OR OR
FROM POINT B FROM POINT B
UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
v = vi2 + 2allyv v = vi2 + 2allyv’
= (-9,8)2+ (2)(-9,8)(-4.9) v = (9,8)%+ (2)(9.8)(4.9) v
vi=-13,86 m-s-' vi= 13,86 m's' v
Magnitude = 13,86m-s'v/
12.4 UPWARDS AS POSITIVE DOWNWARDS AS POSITIVE
v = viZ + 2ally v v = vi2 + 2aAyv
0=v2+(2)(-9,8)(4,9) V.. vi=9,8 m's™ 0=v?2+(2)(9.8)(-4,9) v .. vi=-9,8 m's™’
Freidt = mAv }\/1 mark for any FreiAt = mAv }‘/1 mark for any
FretAt = m (vi— vi) FretAt = m (vi — vi)
Fret(0,2) v = 0,4[9,8 —(-13,86)] v Fret(0,2) v'= 0,4[-9,8 - (13,86)]v
Fret=47,32N v Fret = -47,32 N .". Fnet=47,32 N v
QUESTION 13
13.1  Downwards v’
The only force acting on the object is the gravitational force/weight which acts downwards.v’
13.2 OPTION 1
Upward positive Downward positive
vi=vi+ alt v vi=vi+ aAt v
0=75+(98)Atv 0=-75+(9,8)At v
At=0,77s Vv At=0,77s VvV
OPTION 2
Upward positive Downward positive
FretAt = m(vs — vi) v FretAt = m(vs — vi) v
mgAt = m(vs — vi) mgAt = m(vs — vi)
(-98)At=0-75V (98)At=0—(-75) v
-~ At=0,76531s (0,77 s) v ~ At=0,76531s (0,77 s) v
13.3 OPTION 1

Upward positive - At highest point vi =0
v,2=v’ +2any v

0 v = (7,57 + (2)(-9.8)Ay v

Ay = 2,87 (2,869) mv’

It is higher than height needed to reach point T
(2,1 m) v therefore ball will pass point T. v/

Downward positive - At highest point vi = 0
vii =V +2aAy v

0v = (-7,5)? + (2)(9.8)Ayv

Ay = - 2,87 (-2,869) mv’

It is higher than height needed to reach point
T (2,1 m) v therefore ball will pass point T. v/

OPTION 2

Upward positive

Ay = viAt + V2 aAt2v

Ay = (7,5)(0,77) v + ¥ (-9,8)(0,77)2v

Ay = 2,87 m (2,86 m)v’

It is higher than height needed to reach point T

(2,1 m) v therefore ball will pass point T. v/

Downward positive

Ay = vilt + %% aAt?v

Ay = (-7,5)(0,77) v + Y2 (9,8)(0,77)*>v

Ay =-2,87 m (2,869 m)v’

It is higher than height needed to reach point
T (2,1 m) v therefore ball will pass point T. v/

Terms, definitions, questions & answers
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13.4 A
0 0,77 >
7,5 (s)
P —~
13 P
> 5
>
-7,5
0 0,77 t(s) v
Marking criteria
Initial velocity and time for final velocity shown. v/
Correct straight line (including orientation) drawn. v/
QUESTION 14
14.1  (Motion during which) the only force acting is the force of gravity. v'v'
14.2.1 | OPTION 1/ OPTION 2
UPWARDS AS POSITIVE: Fnet = ma
vi = vi talt v’ = 9,8 (m)
0 = i(ﬁ:m v Fret At = mAvv
S vi=1499 m-s?t (15 ms™) v (9,8)(m)(1,53) = (m)(vi—0) v
DOWNWARDS AS POSITIVE: vi=14,99 m-s' (15 m-s") v
vi = vi talt v’
0=vi+(9,8) (1,53) v
S Vi=-1499 mst svi= 1499 ms' (15
m-s) v
14.2.2 | OPTION 1/
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Ay = vidt + YeaAt? v Ay = vilt + YeaAt? v’
= 14,99 (1,53) + ¥ (- 9,8)(1,53)* =-14,99 (1,53) + ¥2 (9,8)(1,53)2 v/
= 11,47 mv'(11,46-11,48) =-11,47 m (11,46-11,48)
Maximum heightis 11,47 m Maximum height is 11,47 m v
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
v2 = vi2 + 2ally v v = vi2 + 2ally v
0 =(14,99)? + 2(-9,8)(Ay) v 0 =(-14,99)? + 2(9,8)(Ay) v
Ay= 11,47 m-v'(11,46-11,48) Ay=-11,47 m-(11,46-11,48)
Maximum height reached is 11,47 m Maximum height reached is 11,47 m v/
14.2.3 | OPTION 1
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Ay = vidt + YeaAt? v Ay = vt + Yealt? v
=(14,99) (4) + 2 (- 9,8)(4)*>v =-18,4 m =(-14,99) (4) + 12 (9,8)(4)?v = 18,4 m
Position is 18,4 m downwards (below the edge of | Position is 18,4 m downwards (below the edge
the roof) v of the roof) v/
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
vi = vi +alt = (14,99) + (-9,8) (4) = - 24,2 m-s™’ vi = vi +alt = (-14,99) + (9,8) (4) = 24,2 m-s™"
v = viZ + 2alyv’ v = vi2 + 2allyv’
(-24,2)2 = (14,99)% + 2(-9,8)(Ay)V (24,2)% = (-14,99)2 + 2(9,8)(Ay)v
Ay=-18,4 m- Ay= 18,4 m-
Ball is 18,4 m downwards (below the edge of the | Ball is 18,4 m downwards (below the edge of
roof) v/ the roof) v/
143 NoVv

Terms, definitions, questions & answers

The motion of the ball is only dependent on its initial velocity. v'v*
OR: The initial velocity depends on the time taken to reach maximum height.

(3)
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QUESTION 15
15.1 (Motion during which) the only force acting is the force of gravity. v'v/
15.2 OPTION 1/
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
v = vi2 + 2ally v v = vi? + 2ally v
0=(10)2+ (2)(- 9,8)Ay v 0 =(-10)2+ (2)(9.8)Ay v
Ay =5,10m (5,102) Ay =-510m (5,102)
. N
Height =40+ 5,10 v Height =40 + 5,10 v/
=4510m v =4510m v
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Ay = viit + V5 aAt? Ay = vilt + %% alAt?
0 = (10) At + %5(-9,8)At? 0 = (-10) At + 5(9,8)At?
At=2,04s At=2,04s
Ay = vildt + Vo aAt?v Ay = vildt + V5 aAt2v’
=(10)(1,02) +%4 (-9,8)(1,02)>v = (-10)(1,02) + ¥4 (9,8)(1,02)?v
=5,103 =-5,103
~ ~
Height =40 + 5,10 v/ Height =40 + 5,10 v’
=4510m v =4510m v
15.3 9,8 m's2v downwards v’
15.4 OPTION 1/
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Displacement from roof to meeting point | Displacement from roof to meeting point
=-40+29,74=-10,26 m v =40-29,74=10,26 m v
Stone A Stone A
Aya = vilt + YsaAt2 v Aya = vilt + YsaAt2 v
-10,26 = 10At + 5(-9,8)At2 v/ 10,26 = -10At + 74(9,8)At2 v/
At=279s At=2,79s
Stone B Stone B
Ays = viAt + YeaAt? Ays = vit + YeaAt?
-10,26 = 0 + 4(-9,8)At2 v/ 10,26 = 0 + ¥4(9,8)At? v/
At=1,45s (1,447 s) At=1,45s (1,447 s)
Xx=279-145v =134 (s) v Xx=279-145v=134(s) v
OPTION 2
UPWARDS AS POSITIVE: DOWNWARDS AS POSITIVE:
Displacement from roof to meeting point Displacement from roof to meeting point
=-40+29,74=-10,26 m v =40-29,74=10,26 m v
Displacement of ball A from max height to | Displacement of ball A from max height to
meeting point = -15,36 m meeting point = 15,36 m
Stone A Stone A
vi = vi + at vi = vi + aAt
0 =10 +(-9,8)At 0=-10 + (9,8)At
At=1,02s At=1,02s
Aya = Vit + YsaAt2 v Aya = vilt + YoaAt? v
-15,36 = 0 + 4(-9,8)At2 v/ 15,36 = 0 + 4(9,8)At? v/
At=177s At=177s
Atot = 1,77 + 1,02 = 2,79s Atot = 1,77 + 1,02 = 2,79s
StoneB StoneB
Ays = viAt + YsaAt? Ays = viAt + YsaAt?
-10,26 = 0 + ¥4(-9,8)At2 v/ 10,26 = 0 + 5(9,8)At2 v/
At=1,45s (1,447 s) At=1,45s (1,447 s)
x=2,79-145v =134 (s) v x=279-145v =134 (s) v
15651 dv
15652 av
15653 v
1554 cVv
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QUESTION 16
16.1 (Motion of an object) under the influence of gravity (weight) only. v'v/ (2)
16.2.1 At=0,67-0,64=0,03s vv (2)
16.2.2 [OPTION 1 OPTION 2
_190-067 AX = Vit + ¥ a2
t=— (-1,8) = 0 + ¥ (-9,8)A v/
= 0,625 (0,615 s) At=0,61 s v (0,606 s)
OPTION 3 OPTION 4
1,90 + 0,67 V2 = vi2 + 2alAx
=5 =128 0 = vz + 2(-9,8)(1,8)
At=1,285-0,67 v vi=594ms"
=0,62s v (0,615s)
vi = vi + alit
0=594+ (-9,8)At v
At=061sv (2)
1623 FoPTION 1 OPTION 2

Upwards positive

vi=vi+alAt v

0 =vi+(-9,8)(0,62) v
vi=6,08 m's1(6,076 m's') v

Upwards positive

Ay = vildt + V2 aAt2v’

1,8 =vi(0,62) + ¥ (-9,8) (0,62)? vV
vi=594m-s'1(59412m-s*) v

Downwards positive

Downwards positive

vi = vi+alAt v Ay = vit + Yo aAt? v

0 =vi+(9,8)(0,62) v 1.8 = vi(0,62) + %2 (9.8) (0,62)? v
vi =-6,08 vi=-594

~Vvi = 6,08 m's'(6,076 m's*') v ~Vi =594 m's'(5,9412m's") v
OPTION 3 OPTION 4

Motion from top to bottom
Downwards positive

vf = v} + 200y v
vid=0+2(9,8)(1,8) v
vi=594 mstv

initial velocity =5,94 m-s""

Upwards positive

vf = v} +2ady v

vZ =0+ 2(-9,8)(-1,8) v
vi=594 msstv

initial velocity =5,94 m-s""

Motion from bottom to top

Downwards positive

vf = v} +2ady v

02 =vi2 +2(9,8)(-1,8) v
vi=594 ms'v

Upwards positive

vf = v} + 200y v
0=vi2+2(-9,8)1.8) v
vi=594 ms'v

Upwards positive

Ay = vit + Yo alAt? v
0=vi(1,23) + ¥ (-9,8)(1,23)2 v
vi=6,03msst v

Downwards positive

Ay = vit + Yo alAt? v

0 =vi(1,23) + ¥4 (9,8)(1,23)? v
Vi=-6,03 m-s

speed = 6,03 m'sv

OPTION 5
+ .
Ay = (vf 5 vl) At v

0+ v;
18 =(52) 062) v
v, =581lm-s71v

OPTION 6

FretAt = mAv :r v
FretAt = m(Vf - Vi)
m(9,8)(0,62) = m{0 — vi) v
vVi=594 m-s! Vv

OPTION 7
(Ep + Ex)ficor = (Ep + Ek)top 4

(mgh + %2 mv2)foor = (Mgh + %2 mv2)iop

0+%v2=(9.8)1,8)+0 v
v=594ms'tv

©)
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Calculate initial velocity:

Calculate time At

OPTION 1
Downwards positive
vf = v} + 200y v
0=v2+2(98)(-1.2) v
vi=-4,85m:-s"

Upwards positive

vf = v} + 200y v

0 =v2+2(-98)(1,2) v
vi=4,85m-s!

v

\ 4

OPTION 2

(Emech)top = (Emech)bot
(Ep +Ex)top = (Ep +Ek)Bot
(mgh + ¥amv2)op = (Mgh + 2mv?)got
(9,8)(1,2) + 0 =0 + (V)2 vV

vi= 4,85 m-s™! upwards

v'Any one/

v

OPTION 3
Wnc = AEp + AEk

0=-(9,8)(1,2) + vz v
vi= 4,85 m-s™! upwards

} v'Any one/
0 = (0 — mgh) + ¥am(v¢ - vi2)

v

OPTION 4
Whet = AEk

(9,8)(1,2)cos180° = Yovi2 v/
vi=-4,85m-s"!

} v'Any one/
wAxcos180° = Vam((ve - Vi)

\ 4

\ 4

v

Upwards positive

Ay = vildt + V5 aAt2v

1,2 = (4,85)At + ¥5(-9,8)At2 v

At=0,4898s/0,5s

t=1,97 + 2(0,4898) v
=295s/297s Vv

OR

Ay = vilt + Y% aAt? v

0 = (4,85)At + ¥(-9,8)At2 v/

At =0,9898 s (or At =0)

t=1,97 + 0,9898 v
=296s VY

Downwards positive

Ay = vilst + Va2V’

1,2 = (-4,85)At + 15(9,8)At2 v/

At=0,4898s/0,5s

t=1,97 + 2(0,4898) v
=295s/297sVv

OR

Ay = vilit + Yealt? v’

0 = (4,85)At + V5(9,8)At2 v

At=0,9898s (or At =0)

t=1,97 + 0,9898 v
=296s Vv

OR

vi = Vi +aAtv’

-4,85 =4,85 + (-9,8)At v

At=0,9898 s

At =1,97 + 0,9898 v

=296s v
OR
Upwards positive

vi = Vi + aAt v

0=4,85+(-9,8)At v

At=0,4949 s

At=1,97 + (2)(0,4949) v
=296s Vv

OR

v; + v
ay = (S5 )ae

0+ 4,85
’2=< 2 )At‘/

At = 0,4948 s
Atotal = 2(0,4948) = 0,99 s
At=1,97+0,99 v=296s v
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OPTION 5

Downwards positive

Ay = viAt + Y2 aAt? v

1.2 V=0 + 15(9,8) At?v

At=0,49s

t=1,97 + v 2(0,49) v
=296s Vv

Upwards positive

Ay = vilt + Y2 aAt? v

-1,2 v'=0 + ¥%(-9,8)At?v

At=0,49s

t=1,97 + v 2(0,49) v
=296s Vv

MOMENTUM AND IMPULSE

QUESTION 1

1.1

1.2
1.3

-
(608N

= 50(5) v = 250 kg'm-s*! v (downward)

p=mvv OR

p=mv Y = 50(-5) v = - 250 kgrm-s-'
.. 250 kg'm-s*! v (downward)

The product of the net force and the time interval during which the force acts. v'v/

Ap = FretAt v/
0-250 v = Fnet(0,2)

Fret=-1250N .. Fnet=1250N v

Ap = FretAt v/
250-0 v'= Fnet(o,z)
Fret=1250 N v

Ap = FretAt v/
50(0 - (-5)) v'= Fnet(0,2)
Fret=1250 N v

Greater than v
For the same momentum change, v

the stopping time (contact time) v'will be smaller (less), v/

.". the (upward) force exerted (on her) is greater.

QUESTION 2
Momentum is the product of an object's mass and its velocity. v'v/

21
22

23

Direction of motion positive:
Ap =mvi-mv; v

= (175)(0 - (+20)) v'= -3 500 kg'm-s-! v/
.. Ap = 3 500 kg-m-s™" opposite to direction of
motion v/

Direction of motion negative:
Ap =mvi-mv; v
= (175)(0 - (-20)) v'=3 500 kg'm-s™! v/
.. Ap = 3 500 kg-m-s™' opposite to direction of
motion v/

Direction of motion positive:
FretAt =Ap v
f(8) =-3500 v
f =-4375NV

.".f=437,5 N opposite to direction motionv’

Direction of motion negative:
FretAt = Ap v
f(8) =3500 v
f =4375NV
.". f=437,5 Nopposite to direction of motion v’

QUESTION 3
A collision in which both total momentum and total kinetic energy are conserved. v'v/

3.1
3.2

3.3

OPTION 1

For ball A

(Emech)top = (Emech)bottom

(Ex *+ Ep)top = (Ek *+ EP)bottom

(Yamv? + mgh)op = (Vamv?2 + mgh)sottom

Any one v

¥2(0,2)(0)? + (0,2)(9,8)(0,2)top = Ex + m(9,8)(0)bottom v’

Ex=0,39J v

OPTION 2
Wnc = AEp + AEk v

= 0 =mg(ht — h) + ¥am(v —

Vi)

0 = (0,2)(9,8)(0,2 — 0) + Vsmv2 — % (0,2)(0)2 v = Ex = 0,39 J v/

2 Exbefore = ZEkafter VA
Exkian +Ekis = Exia + Ekm ny one
Ekia +Ekis = V2 mavia?2 + Eks

0,39+ 0v =% (0.2)via2 + 0,12 v = via= 1,64 m-s' vV

Terms, definitions, questions & answers
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34
Ekbefore = 2 mavia2 .. 0,39 =% (0,2) via2¥" .. via=1,98 m's™
Impulse = m(vr - vi) v'Any one
Impulse = m(via- via)
=0,2(-1,64) v- (0,2)(1,98)v = 0,72 N's v (5)
[14]
QUESTION 4
4.1 OPTION 1 OPTION 2
Take motion to the right as positive. Take motion to the left as positive.
Tpi = Zpr }/ Anyone | ZPi=Zpr v Any one
(m1 + m2)vi= mive + mave (m1 + m2)vi= mive + mave
(3 +0,02)(0) v = (3)(-1.4) + (0,02) vip v’ (3+0,02)(Q) v =(3)(1.4) + (0,02) vip v
vie=210m-s'v vie=-210m-s?' .. speed =210 m's'v 4)
4.2 OPTION 1 OPTION 2
v = viZ + 2aAx v .
0= 2102+ 2a(0,4) v Ax = [%)Aﬂ 0,4=(2102+0JM Y
a=-55125m-s? .
L. At =0,004 s (0,00381s)
Fret=ma v’ FretAt = Ap = mAv v Fret = (002)(0 -210)
= (0,02)(-55 125) v/ 0,004
=-1102,5N =-1050N
Magnitude of force =1 102,5 N v/ Magnitude of force = 1 050 N v/ (5)
4.3 The same as/equal v/ )
[10]
QUESTION 5
5.1 The total (linear) momentum of an isolated/(closed system v"_is constant/conserved. v/ (2)
521 Ipi=Zprv
MaVy + MaVz = MV + Mava
(M1 +maz)vi = Myvq + Mavy
0v = (04 + 0.6 (4}
Vy=-6 m-s
=6m-s" to the leftina linksv @
5.2.2 OPTION 1 OPTION 2 OPTION 3
Ap = FraAtY vi=wv; +ant AP = FraAty
[(0,6)(4) - O]¥ = Fret (0,3} 4 =0+ a(0,3) [(0,4)(6) - O] = Fre (0,3)
Fret =8 Nv a=13,33ms? Fot =8 Nv
ORIOF ORIOF
mivr — vi} = Fpadty’ Fnat =ma mivs — v} = F gty
0,6(4 — 0)v'= Frat(0,3)v =0,6(13,33) 0,4(6 — 0)v'= Fpet(0,3)v
Fret = 8 Nv Foet = 8 Nv Fret = 8 Nv (4)
5.3 No v (1)
[11]
QUESTION 6
6.1 The total (linear) momentum of an isolated/closed system v’ is constant/conserved. v/ (2)
6.2.1 OPTION 1 OPTION 2
Spi =>ps Apskg = -Ap3kg vV
M1 V1i + M2vai = M1 vie + szzf}\/ any one MV - MVi = MVf - MV
m1 v1i + mavai = (M1 + m2)vs 5vi—(5)(4) v = 3vi— (3)(0) vV
BN+ 3)O)v=(5+3)wv ~v=25ms'V vi=25ms!v 4)
6.2.2 OPTION1  FnetAt = Ap = (pr—pi) = (Mvi— mvi) v = Fnet(0,3) v =8 [(0 — (2,5)] v

Terms, definitions, questions & answers

Fret =-66,67 N ~ Fnet = 66,67 N v

OPTION 2 OPTION 3
m(v¢ —v;) 80-25)y |Vvi=vitaAt-0=25+a(0,3)v ~a=-8333ms?
Frae=ma v = —— o —== =7 Fret=ma v = 8 (-8,333) v = - 66,67 N
’ o Fret = 66,67 N v
=-66,67 N . Fnet=66,67 N v

(4)
[10]
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QUESTION 7
71 A system on which the resultant/net external force is zero. v/ (2)
7.21 OPTION 1 OPTION 2
p=mvv .~ 30000=(1500) v Ap =mvi—mviv . 0=(1500)vi—30000 v
~v=20m-ss'v ~v=20m-ss'v (3)
7.2.2 OPTION 1 OPTION 2
2Pi=3ps }/ for any Apa = -Aps } v for any
M1 Vii + M2vai = M1 Ve + Mava pr— pi = -(mvs - mvi)
30 000 + (900)(-15) v" = 14 000 + 900vev’ 14 000 — 30 000 v'= 900vs — 900(-15) v
~vg=2,78 m-s' veast v vi= 2,78 m's'v east
7.2.3 OPTION 1 OPTION 2

(14 000 — 30 000) v Enet(Aot 1=)A‘/p ‘/14 000 — 30 000 v/
— net(U, = —
20,2 — 20,1 Fret =-160 000 N
=-160 000 .. Fnet =160 000 N v Frnet = 160 000 N v

Ap
Slope = — =Fnet' =
Pe= At t

OPTION 3

FretAt = Ap v* . Fnet(0,1) v/ = 900[(2,78) — (-15)] v* -~ Fnet =- 160 020 N 4)

Fa=-Fg = Fnet =160 020 N v [13]
QUESTION 8
8.1 AX 0,2 AX 04 AX 0,6

V=—=—"=0,5ms"' V=— =" =0,5ms"' V=— =" =0,5ms"

At 04 At 08 At 1,2

v Formula v" Correct substitution in all three equations. v" Arriving at correct answer. (3)
8.2 The total linear momentum of a closed/isolated system is constant/is conserved. (2)
8.3 2pi = Zps

Miv1i + Mav2i = mavas + mavzr [¥ Any one
(3,5)(0,5) v = (3,5 + B)vi v
Vi = Vekg = 0,184 m-s-"

For trolley B: /\ For trolley A:

FretAt = Ap = mAvY FretAt = Ap = mAvY
Fnet(0,5) = 6(0,184 -0) v" - Fnet = 2,21 NV Fnet(0,5) =3,5(0,184 -0,5) v ~ Fnet =- 2,21 N-
Magnitude of the average net force - Magnitude of the average net force (6)
experienced by trolley B = 2,21 N-v experienced by trolley B = 2,21 N-v [11]
QUESTION 9
9.1 It is the product of the resultant/net force acting on an objectv” and the time the resultant/net force
acts on the object. v/ (2)
9.21 p=mvvY =(0,03)(700) v =21 kgm's"' v (3)

9.22 OPTION 1

Atforabullet= 80 v=027s
220

A 21-0

FretAt = Ap = (pf— p|) = (me - mVi) OR Fave gun on bullet = A_Ft) = 07 v = 77,01 N v (77,78 N)
~average force of bullet on gun =77,01 N/ 77,8 N to the west v/
OPTION 2
FretAt = Ap = (pr— pi) = (Mv{— mvi)

Ap v' Any one
Fav= —

At

Aptot = (21)(220) v = 4 620 kg'm-s™*
Fave gun on bullet = % v = 77,00 N 4

- average force of bullet on gun =77,01 N/ 77,78 N to the west v/ (5)
9.3 77N /77,78 N v to the east v (2)
[12]

QUESTION 10
10.1  The total linear momentum of a closed/isolated system is constant/conserved. v'v' (2)

10.2  3pi=2ps
MBgBVBi + MbVbi = MBVBf + MbVbf } v' Any one
Apoutiet = -APblock
(0,015)(400) v + 0 =(0,015)ver +2(0,7) v' - Ver= 306,67 m's'v (4)
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10.3 OPTION 1
FretAt = Ap }
Ap = mvs - my; Y Any one
For bullet: For block:
Ap = (0,015)(306,666 — 400) v =(2)(0,7-0) v
= -1,4 kg'm-s" =1,4 kgm-s™
Fret(0,002) =-1,4 .. Fnet=-700 N Fnet(0,002) = 1,4 .. Fnet=700 N
Whet = AEk * Fnet = ma
FretAxcosB = %2 m(vi — vi?) -700 = (0,015)a OR 700 = (0,015)a
(700)Axcos180° = 14(0,015)(306,672—4002)v a=-46 666,67 OR 46 665 m-s2
SJoAx=0,71mY
Ax = vildt + V2 aAt?
= (400)(0,002)v" + ¥2(-46666.,67)(0,002)?v"
=0,71 m (0,70667) mv’
OR
vf2 = vi 2 + 2alAx
(306,67)% v'= (400)? + 2(-46 666,67)Ax v’
Ax =0,71 m (0,70667 m) v
OPTION 2
vi=vi+aAtv .. 306,666 =400 + a(0,002) v .. a=-46 667 m-s?
vi 2 = vi 2 + 2alAXx (306,666)2 v'= 4002 + 2(-4667) Ax v .. Ax=0,71m (0,706 m) v
QUESTION 11
11.1  The total linear momentum of a closed/isolated system remains constant/is conserved.v'v’
11.2  Zpi=Zps } v any one
m1v4i + Mavai = M1vis + mavar
For the system cat-skate board A
(3,5)(0) + (2,6)(0) v = (3,5)Vskateboard + (2,6)(3) v Vskateboard = 2,23 m's™ v" to the left v/
11.3 OPTION 1 OPTION 2
FretAt = Ap = mvs- mvi v’ FretAt = Ap = mvi- mv; v’
=(3,5)(1,28—-0) v =4,48 N's v =(2,6)(1,28—-3)v =-448N's v
QUESTION 12
121 E(mech top) = E(mech bottom)
(Ep + Ek)top/bo = (Ep + Ek)bottom }‘/ for any
(mgh + % mv2)iep = (Mgh + %2 mv2)bottom
(1,5)(9,8)(2)+0v=0+ % (1,5v?v .. v=6,26 ms' v
12.2  The total linear momentum of a closed/isolated system is constant/conserved. v'v/
12.3  ZIpi=Zps
Mv4i + M2vai = Mavis + mavar ¢v" for any
Mavii + Mavai = (M1+ m2)v
(1,5)(6,26)+0 v =(1,5+2)viv .. vi=268ms'V
12.4 OPTION 1
—_— OPTION 2
Bx= vt f 5(32638)(3\)/\/ Ax = vildt + V5 aAt? v/
-osm =(2,68)(3) + 2 (0)(3)2 v
=8,04mVv (Range 8,04 — 8,05)
QUESTION 13
13.1 Momentum is the product of the mass of an object and its velocity. v'v/
13.2  Tothe left v Newton's third law v/
NOTE: For QUESTIONS 13.3 and 13.4 motion to the right has been taken as positive.
13.3 OPTION 1 L,
2pi= 3pr

m4Vv4i + M2vai = M1vas+ mMavos
mass of girl is m

{(m + 2)(0)} +{8(0)} v = {(m + 2)(-0,6)} v + (8)(4) v -~ m=51,33 kg v

OPTION 2

2Pi= 3ps

mav1i + mavai = mqvar + mavos
0 = m1vas + mavas

0v' = (8)(4) v+ mz(-0,6) v

v

- mz = 53,33 kg -~ mgin = 53,33 —2=51,33 kg v

OPTION 3

Apgirl = -Apparcel 4

m(vi — Vi) = -m(Vs- Vi)

(m +2)(:0,6-0) v = —8(4 - 0) v
m =51,33 kg v
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13.4  Impulse = Ap = m(vi—vi) v = (51,33 + 2)(-0,6 — 0) v' = -32 N-s/kg-m-s™!
Magnitude of impulse is 32 N's /32 kg-m-s' v/

OR
Impulse = Apparcet = m(vs —vi) v' = (8)(4 — 0) v = 32 kg m-s™! .. Apgin = 32 kg m's' v/ (3)
13.5 32kgm-s' v to the right/opposite direction v’ (2)
[14]
QUESTION 14
14.1  The total (linear) momentum in a isolated/closed system remains constant/is conserved. v'v' (2)
14.2 OPTION 1
2pi = 3pr
M1Vii + M2vai = Mavie + Maver ( VAny one
M1V + M2vai = (M1 +m2)vs
{0,45(9) + 0,20(0)} v = (0,45+0,20)v v . v=6,23ms'v
OR
Apball = - Apcont V' =+ 0,45(v—=9) v =-0,2(v=-0) v ~vVv= 6,23 m-s'v (4)
143 K=%mv
Total kinetic energy before collision: %4 (0,45)(9)2 + 0 v'= 18,225 J
Total kinetic energy after collision: %% (0,45 + 0,20)(6,23)%v = 12,614 J
> Koefore # Y Kater - Collision is inelastic. v'v/ (5)
[11]
QUESTION 15
15.1 Isolated system is a system on which the resultant/net external force is zero.v'v' (2)
1521 p=mv Vv
24 =m (480) v
m = 0,05 kg v (3)
15.2.2 | OPTION 1 OPTION 2
FretAt = Ap } v'Any one vi = Vi + alt
FretAt = (Pouliet)f - (Poullet)i 80 =480 + a(0,01) v
FretAt = (meuIIet)f- (meuIIet)' a=-40000 m-s2
Fnet(0,01) v" = (0,05)(80) - 24 v
Fret =-2 000 N Fret=ma v’
Fret=2 000 N v" west v/ = (0,05)(-40 000) v
=-2000N
Fret=2 000 N v" west v/ (5)
[10]
QUESTION 16
16.1 (Linear) momentum (of an object) is the product of mass and velocity. v'v’ (2)
16.2.1 | OPTION 1
East as positive
>pi=>pr }/Any one
MpVpi + MaVvai = MpVpf + MaVvarf

(0,16)(10) + (0,2)(-15) v'= (0,16)(-5) +(0,2)var v’
vaf= -3 m-s!

vaf =3 m-s?'v west v

OPTION 2

West as positive
2Pi= s } v'Any one
MpVpi + MaVai = MpVpf + MaVar

(0,16)(-10) + (0,2)(15) v'= (0,16)(5) +(0,2)Qnr v
var=3 m's'v west v
OPTION 3
App = -Apa v
(0,16)(-5 = 10) v'= -(0,2)(v — (-15))v
v=-3m-s

=3 m-s' vwest v

IF: App = Apa: =
Pr = Apa: ¢ (5)
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16.2.2 | Forball P For ball Q
West as negative West as negative
Impulse = Ap Impulse = Ap
FreiAt = Ap v'Any one FreiAt = Ap } v Any one
Ap = m(vet — Vvpi) = m(vaf — Vai)
=0,16(-5-10) v =0,2[-3-(-15)] ¥
=-24 =2,4 N's v (2,4 kg'm-s™)
~24Nsv (24kgmsT')
OR
OR West as positive
West as positive Impulse = Ap
Impulse = Ap FretAt = Ap v'Any one
FretAt = Ap = m(var — vai)
= m(ver - VPi)} Y/Any one = 0,16(3 — (15)) v
=0,16(5 - (-10)) v =-2,4N-s
=24Nsv & 24Nsv (24 kgmsT') (3)
[10]
WORK, ENERGY AND POWER
QUESTION 1
1.1.1  In an isolated/closed system, v the total mechanical energy is conserved/remains constant. v' (2)
112 NoVv )
1.1.3 OPTION 1 OPTION 2
Along AB Along AB
EmechatA= Emech atB Whet = AEk v/
(Ep + Ex)a = (Ep + Ex)s }“A”y On€ | FgAhcosB = % m(vi — vi2)
(mgh + %2 mv2)a= (mgh + %2 mv?)s (10)(9,8)(4)cos0° = V5 (10)(vi* — 0) v/
(10)(9,8)(4)+ 0 =0+ % (10) v&v vi = 8,85 m's!
vi = 8,85 m's™'
Substitute 8,85 m-s™ in one of the following options
Along BC Along BC
Whet = AK v .". fAX cosB = AK Whe = AK + AU v .". f AxcosB = AK + AU
f(8)cos 180° v'= % (10)(0 — 8,852) v f(8)cos 180 v'=% (10)(0-8,852)+ Q0 v
f=4895N v f=4895N v (6)
1.2.1  fk = ykN v = pykmgcosB = (0,19)(300)(9,8) cos 25° v = 506,26 N v (3)
1.2.2 = Fn Fret =0 OR Fapp *+ (-Fgsin@) + () =0 v
app Fapp - (300)(9,8)sin 25°v' - 506,26 v = 0
Fapp =1 748,76 N
Pave = Fvave v = 1748,76 x 0,5 v = 874,38 W v
(6)
[18]
QUESTION 2
2.1 AU +AK = 0¥
(5)9,8)(5) + 0¥ + (0 + % (Bv*)v = 0
Vi = 4f2%x9,8x5
=9,90m-s"v (9,899 m-s™) (4)
2.2 No friction/zero resultant force v and thus no loss in energy. v’
OR Only conservative forces are present. OR Mechanical energy is conserved. (2)
2.3 The force for which the work done is path dependent. vV (2)
2.4 OPTION 1

Wi = AU +AK v
F Ax cosB = AU +AK

Ax = 5,4458mv’
v

8 =sin’’
54458

8 =33.43°v

(18 Ax cos 180v) = (5 ) (9.8) (3 -0) + % (5) (0 — 9,902’
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OPTION 2
Woa = Wi+ Wev
Woa =f Ax cosO + mgsinBAxcosd

=[(18 ) Ax cos 180°) + 5 (9,8)%(mm1so°]w

= -18Ax - 147

W = AKY
AK = % ( 5) (0 - 9,90%)v

= -245,025
-18Ax — 147 = -245,025
AX = 5,4458 mv’

3
54458
8 =39,43°v

8 =sin™

QUESTION 3

3.1 If the work done in moving an object between two points depends on the path taken (then the force

applied is non-conservative). v'v’
321 NoVv
3.2.2 Since there is no acceleration, the net force is zero v'hence net work done
(FnetAx cosB) must be zero. v/
3.3 Fi-(f+F)=0v F N/Fn
OR F =mg sin® —fk
OR F =mgsinB — 266 f/Fs
F =[100(9,8) sin 25°] v — 266 v
F=148,17N VY mg sin®
w/Fg

3.4 OPTION 1

W =FAxcos® OR Whnet=Ws+ Wg+Wn OR Whet = fkAxcos180° v + mgsinBAxcos0° + 0
= (266)(3)(-1) v+ [100(9,8) sin 25° (3)(1)] v +0=444,5J

Whet = AEK/AK = Yam(vs 2—v; 2) v/

444 5 = V5(100)(vi 2—0) v'.". v¢=2,98 m-s'v

OPTION 2

Wnc = AEp + AEk v

fAxcos® v'= (mghs — mghi) + ( V2 mv — V2 mvi?)

266Ax cos180° v' = (0 - mgsin25° Ax cos0°) + (Y2 mve? — 0)

266(3)(-1) = [-100(9,8) sin 25°(3)(1)] v -2 (100)(v¢—=0)v .. vi=298 ms'v

OPTION 3

Whet = AEx v/

FretAxcos8 v'= %2 m(vi — vi?)

(148,17) v (3)cos0°Y = % (100)(v@ - 02) .. 444,51 =50v2 v .. vi=2,98 m-s'v

OPTION 4
Fret=ma v’
148,17v =100a v
a=1,48 m-s?

V2 = vi2 + 2aAx

=2(1,48)(3) ¥ Svi =298 mst v
QUESTION 4
4.1 OPTION 1 OPTION 2
800 o= 800 = &1
Vave = F v'=10,67m-s"! Vave 3 10,67m-s

Distance covered in 1 s =10,67m-
. W(Work done in 1 s) = FAxcos6 v
= (240)(10,67)(1)

Pave = Fvavev
Pave = (240)(10,67)
=2 560,8 W (2,56 kW) v/

=2560,8 J s
.. Pave = 2 560,8 W (2,56 kW) v
OPTION 3 OPTION 4
b= ﬂ/ _ FAxcos© _ (240)(800)cos0 , P = ﬂ/ _ FAx cos6 _ (240)(800)cos0 ,
At At 75 At At 75
=2560 W v =2560 W v

(7)
[15]

(6)
[15]

©)
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4.2

Foa v’ NV
Accepted labels
w Fo/Fw/weight/mg/gravitational force/2 940 N
f Frriction/F /friction/294 N/fk
fv N Fn/Frorma/normal force
w v Fp F appiied/ 350 N/Average driving force/F driving force (@)
4.3 The net/total work done on an object is equal v' to the change in the object's kinetic energy.v’ (2)
4.4 OPTION 1
Whe=AU + AK v & Wi+ Wp =AU + AK
(fAxcos® + FpAx cos © = mg(hs - hi ) + V2 m(vi2 — vi2 )
(294)(450)(cos180°) v* + (350)(450)cos0°v'= (300)(9,8)(5 - 0) v + ¥5(300)(vP? — 0) v ~ v¢=8,37 m's' v
OPTION 2
Whet = AK v &. Whet = Wp + Wg + Wr + Wn = (FpAxcos 8) + (mg sina)AxcosB) + (fAxcosB) + 0
Whet = [350(450)](cos0°)v'+ (300)(9,8)(5 (450)(cos180°) v+ 294(450)(cos180°)v
450
=157 500 — 14 700 — 132 300 = 10 500 J
Whet = AK . 10 500 = % (300)(v? —0) v Sovi=837Tmst v (6)
[15]
QUESTION 5
5.1 It is a ratio of two forces (hence units cancel). v/ (1)
5.2 The net/total work done on an object is equal v to the change in the object's kinetic energy.v' (2)
5.3
(4)
5.4 Fsin20° + N = mgv’
N = mg - Fsin20°
Wi = fkAx cos B = pNAX cos 8
= lk{mg - Fsin 20)(3)cosB
= (0,2)[200(9,8) - F sin 20](3)cos180%
=(-1176 + 0,205 F} Jv (4)
5.5 Wia = [VVQ} + W+ We v
0 v = [0] H[(-1176 + 0,205 F))_+ [F (cos 20) (3} (cos 0)]v (4)
F = 388,88 Nv [15]
QUESTION 6
6.1 The total mechanical energy in an isolated/closed system v'remains constant/is conserved. v/ (2)
6.21 W =FAx cosb v = (30)( — 0 )cosB v = (30)(10)cos180° = (30)(10)(-1) =-300J v (3)
sin
6.2.2 OPTION1
Wnc = AEp+ AEk \/A
Woo = mg(hr — hi) + ¥em(vZ —v2)J ~ "™ ©ONe
- 300 v'= (20)(9,8)(0 - 5) v+ % (20)(v—0) v .. v=8,25m's'vV
OPTION 2
Whet = AEk A
Wg + Wi = Ysm( V2 —vf)} ny.one
Wy + (-300) = 4(20)(vi2- 0) v
[(20)(9,8)sin30°%0030°] v +(-300) v =10vP .. vf=8,25m's' v (5)
6.3 F =wy +f=(100)(9,8)sin30° + 25 v = 515 N
Pave = Fvave v = (615)(2) v = 1030 W v (4)
[14]
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QUESTION 7
7.1 Ex="%mv2v =% (2)(4,95)2 v = 24,50 J v (3)
7.2 OPTION 1

Emech before = Emech after

[(Emech)bob + (Emech)block ]before = [(Emech )Block + (Emech)bob]after} Any one v’

(mgh + %2 mv2)before = (Mgh + %2 MV2)ater

(5)(9.8)h+0 +0v=5(9,8)%sh+0+2450v .. h=0,67mY

OPTION 2 OPTION 3
Whe = AEp + AEk } Loss E;, bob = Gain in Ex of blockv
0 = AE, + AEk Any one v’ mg(%h) = 24,5
-AEp = AE (5)(9,8)(%h) v =245 v
-[(5)(9,8)(*h) — (5)(9,8)h] v = 24,50 v S h=067mv
S h=0,67mVv 4)
7.3 The net/total work done on an object is equal v'to the change in the object's kinetic energy. v (2
7.4 OPTION 1 OPTION 2
Whet = AEk v Whe = AEk + AU }\/
Wi + mgAycose = vem(vZ —v?) Whe = AEk + AEp
Wr +(2)(9,8)(0,5)c0s180° v = V5 (2)(22 — 4,95%) v Wi = % (2)(22 — 4,952) v + (2)(9,8)(0,5-0) v
=-10,7 Jv SWr=-10,7dV 4)
[13]
QUESTION 8
8.1 Wit = AK v
Waet = % (M + m)(vi 2 v )"
Wy = flixcos® v'=% (M + m)(vs % —v%)
10 X 2 cos180v'= % (7,02)(0-v%) v
veb = 2,39 ms'v (2,387) m's” (5)
8.2 The total (linear) momentum of an isolated/closed system v'_is constant/conserved. v’ (2)
8.3 POSITIVE MARKING FROM QUESTION 8.1.
Ipi=Zps v
MV + Mavy = (Mq +Ma)vq
0,02v; + (7){0) = (7,02)(2,39)
0,02viv = 7,02 (2,39)v (4)
vi = 838,89 ms" v [11]
QUESTION 9
9.1
f Accepted labels
N w | Fo/Fuw/weight/mg/gravitational force v
f | Friction/F#50 N v
N | Normal force/FnormaL/Fnor v
w
(3)
9.2 The net/total work done on an object equals the change in the object's kinetic energy. v'v/ (2)
9.3 OPTION 1
Whet = AEk } v'/Any one
fAxcos8 + FgAxcos® = Yamve — Vamvi2

(50)(25c05180°)v + (60)(9,8) (25c0s70°) v = 14(60)(152 — vi2) v
1250 + 5 027,696 =6 750 —30vZ .. vi=9,95(4) m.s'v

OPTION 2

Whet = AEk } v'Any one

fAxcos8 + FgjAxcos8 = Yamve? — Vomvi?

(50)(25c05180°) v+ (60)(9,85in20°)(25c0s0°) v = 4(60)(152 — vi2) v/

1250 + 5 027,696 = 6 750 —30V? .. vi=9,95(4) m.s'v
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OPTION 3
Whe =A Ek + AEp v
fAxcosB = Y5(mvs - mvi?) + (mgha — mghp) Any one
Emechp + Emecha + Whe = 0
(50)(25c0s180°) v'= ¥4(60)(152 — vi2) v + (60)(9,8)(-25sin 20°) v/
-1250 =6 750 - 30 vi2 -5027,696 .. vi=9,95(4) m.s'v (5)
9.4 OPTION 1
_ 1
Pave = FVa\,e v = SOV(Q’L;& v =623,75W v
OPTION 2
W
At Vi +V
At /Any one AX = uAt
p - fAxcosd 2
- 9,954 +15
At L, g5 O99415)
_ [50(25c0s180°)] _
= =-623,75 Wv - (4)
2,004 v At=2,004s [14]
QUESTION 10
10.1  The rate at which work is done. / Rate at which energy is expended. v'v/ (2)
10.2.1 | OPTION 1
W = FAxcosBv'
Woaravity = mgAycosB = (1 200)(9,8)(55)c0s180° v = - 646 800 J (6,47 x105 J)v
OPTION 2
W = - AEpv = -(1200)(9,8)(55 -0) v = -646800 J v (3)
10.2.2 Woounterweight = mgAycos8 = (950)(9,8)(55)cos0° v =512 050J v (5,12 x105% J) (2)
10.3 OPTION 1
Whet = AEk
Woaravity + Weountweight + Wmotor = 0 \/Any one
Wmotor =- (Wgravity + Wcountweight)
Wnc = AEK + AEp
Substituting into any of the above equations will lead to:
-646800v" + 512050 v'+ Wmotor = 0
W
s Winotor = 134 750 J “ P avmotor = — v = M v = 748,61 wWv
At 180
OPTION 2
Fret=0 .. Fgcage + Fgcount + Fmotor = Fnet v/
-117600v" + 9310v" + Fmotor =0 .. Fmotor= 2450 N
55
Pave = Fvave v = 2450 180 v =748,61 W
OPTION 3
v v 55
P ave = Fvave v'v' =[1200 (9,8) —950(9,8)] =< v = 748,61 W Vv (6)
180
[13]
QUESTION 11
11.1  The net/total work done (on an object) is equal to the change in the object's kinetic energy.v' v/ (2)
1.2 T
Accepted labels
wv | Fg/ Fw/ weight / mg/ 58,8N / gravitational force / Fearth on block
Tv | F1/ Tension
w 2)
11.3 Ww = wAXcosBv" = mgAxcoso Ww = - AEp v'= - mg(hs — hi)
= (6)(9,8)(1,6)cos0°v =-(6)(9,8)(0-1,6) v
~W=9408J v =94,08 Jv (3)
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11.4

OPTION 1
Whet = AEk /AK = Vam(vs 2 — v; 2)
Whet = FretAXxcos0
Whet = Ws + Wg + Wi

= ukNAxcosB + Wy + Wi
Whet = (0,4)(4)(9,8)(1,6)cos180° v + 94,08 + 0 = 68,992 J
Whet = Yom(vs2—vi2) .. 68,992v'= Y5(4)(vi2—0) + Y5(B)(v¢—0)Y ..v=3,71 m-s' v

v'Any one

OPTION 2
Whie = AEp + AEk }
v'Any one

fAxcosB = (mighs — mighi) + (Yamive - Yamavi2) + (Yamavi? - Yamovi2) y
(0,4)(4)(9.,8) (1,6) cos 180° v'=[0 - (6)(9,8)(1,6)]v + (Va(6)v? + Ya(4)v2 - 0)Y ..v=3,71 m's' v

OPTION 3

Whet = AEk v

For the 4 kg mass: T(1,6)cos0° + [(0,4)(9,8)(4)](1,6)cos180°v" = ¥5(4)v2 - 0)
For the 6 kg mass: (6)(9,8)(1,6)]cos0°+ T(1,6)cos180°v" = ¥4(6)(v2 — 0)

Adding the two equations : 68,992 = /5 (4)v2 + ¥ (B)v2 v Sov=371ms' v

QUESTION 12

121
12.2

12.3

12.4

12.5

The total mechanical energy in a closed/isolated system is constant/conserved. v'v/

Emech P = Emecha OR (Ep + Ekpe = (Ep + Ek)Q OR Whet = AEk OR Weon = AEk OR
(mgh + %2 mv2)p = (mgh + %2 mv2)q v’

(60)(9,8)3+0 v=0+ %(50)v2v" .. v=7,67Tm's v

Accepted labels
w | Fo/Fw/weight/mg/gravitational force
Friction/Fs
N | Normal force/FnormaL/Fn

-

NN ANAN

fk=pukN OR fk = ykmgcosb v
fk = (0,08)(50)(9,8)c0s30° v'=33,95 N v

QUESTION 13

13.1

13.2

Terms, definitions, questions & answers

“T

Accepted labels
Fo/Fw/weight/mg/gravitational force/N/19,6 N
Tension/F1/ Fa/

—(=

yvw

Tension v OR Fapplied

FS / January 2021

(5)
[12]

(4)

@)

(5)
[17]
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13.3 W =FAxcos6 v
Wy = mgAXcosH } any one
=75(9,8) (12)cos 180°v' =-8820J v
OR Wy =-AEp v = - (mgh —0) = -(75)(9,8)(12) v =-8 820 J v (3)
13.4  The net work done on an object is equal to the change in the object’s kinetic energy. v'v/ (2)
13.5 OPTION 1

Wnet AK v
FretAxcos® = (Y2 mve - Yo mvi? any one

(75)(0,65)(12) v'cos0°® v = 4(75)(vi- 0) v
“vi=3,95mst v

OPTION 2
W"Et_= AK % Whe = (V2 mvi - %2 mvi2 )+ (mght - mghi)

Whe = AK+ AU »~ v'any one 9405 v'= (% (75)vi2 -0) v'+ (75)(9,8)(12 -0) v/
Wr + Wg = AK vi=395ms’!v

T-mg=ma
T-75(9,8)=75(0,65)v .. T=783,75N

Wr =783,75 (12) cos0°v = 9405 J (5)
9405 — (8820) = ¥ (75)(vid—0) v .. vf =3,95m's' v [13]
QUESTION 14
14.1 A force for which the work done in moving an object between two points depends on the path
taken. v'v/ (2)
142 Nov (1)
14.3 OPTION 1 OPTION 2
P= % v Ax = (Vf +V, jAt
_ 48x10° v 2
T o -(0+25 =
(90) [j(go) 1125 m
= 53333,33 W 2
=5,33 x 104 W (53,33 kW) v/ WE = FAxcos6
4,80 x 108 = F(1 125)cos0° .". F = 4 266,667 N
Pave = Fvave v' = (4 266,667)(12,5) v/
=53 333,33 WV (3)
144  The net/total work done on an object is equal to the change in the object's kinetic energyv' v/ (2)

14.5 OPTION 1
Whet = AK v OR Wy + Wi + W = % mvi? - 2 mvi2 OR
mgAxcosB + Wr + We = %2 mve - Yo mvi?

". (1500)(9,8)200c0s180°v" + W + 4,8 x 108 v'= % (1 500)(252 - 0) v/
-2940 000 + Wr+4,8 x 106 =468 750 .. Wr=-1391250J=-1,39x108J v
OR
Whet = AKv" OR Wy + Wt + Wg = %2 mve? - Vo mvi2 OR -AEp + W + W = Y2 mve? - %2 mvi2
. -(1.500)(9,8)(200 — 0)v + Wi + 4,8 x 108 v'= % (1 500)(252—-0) v
-2 940 000 + W +4,8 x 108 = 468 750 SoWr=-1391250J=-1,39x108J v (5)
OPTION 2
Whe = AK + AU v OR Wie = %2 mve - %2 mvi2 + mghs - mghi = %2 m (v?- vi2) + mg(hs - hi) OR
Whe = %2 mvi2 + mghr - %2 mvi2 - mghi OR Ws + Wg = % mve - %2 mvi2 + mght - mghi v/
JoWr+ 4,8 x 108 v'=[% (1 500)(25)? + -0] v'+[(1 500)(9,8)(200) - 0]v

SoWr =-1,39 x 108J (-1,40 x 108J )v
OR
Whe = AK + AU v OR Whe = %o mve - Yo mvi? + mghr - mghi = %2 m (vi- vi2) + mg(hs - hi) OR
Whe = %2 mvi2 + mghr - V2 mvi2 - mgh;

SoWr+4,8 x 108 v=[% (1500)(25)? v'+ (1500)(9,8)(200) v] - [0 + 0] (5)
S Wi =-4,8x108+ 34 x 106 =-1,39 x 106J (-1,40 x 106J )v' [13]
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QUESTION 15
15.1  Tension v
15.2  There is friction/tension in the system. v/
OR Friction/tension is a non-conservative force/ The system is not isolated because there is

friction/tension. (1)
15.3
N
T Accepted labels
w | Fg/Fw/weight/mg/gravitational force | v
f | Friction/Fi/f/178,22 N v
N | Normal (fOI'CE‘)/FnormaL/FN/Freaction v
f T | F1/FA/Fappiiea/700 N/Tension v
w
(4)
154 W=FAxcos® Vv
Wi =[178,22(4)cos180°] v/
=-712,88J v (3)
15.5 OPTION 1
Whet = AEk
W + Wy + Wr = AK
Ws + mgsinbAxcosB + Wt = AK
-712,88 + (70)(9,8) (sin 30°)(4) cos 180° v'+ (700 x 4 x cos 0°)v' = ¥ 70(v2 — 0)v
vi=4,52 m-s'v
OPTION 2
Whe = AEk + AEp v/
Wr + Ws = AEk + AEp
(700)(4) cos 0°) v + (-712,88) = [(70)(9,8) 4(sin 30°).-0] v+ % 70(vP—0) v
vi=4,52ms'v
OPTION 3
Fnet = FT —[mgsin® + f,]
=700 —[(70)(9,8sin30°) + 178,22] v’
=178,78 N
Whet = AEK v/
Fret. AxcosB = AEk
(178,78)(4)cos0° v = Yo 70(v2—=0)Y =~ vi=452m-s'v (5)
15.6  2(-712,88) =-1425,76 J v (1)
[15]
QUESTION 16
16.1 A conservative force is a force for which the work done in moving an object between two points is
independent of the path taken. v'v/ (2)
16.2  Gravitational (force) v/ (1)
16.3 NoVv There is friction v (between the object and the track). (2)
164 Ep=mgh v =(18)(98) (1,5 v =2646J v (3)
16.5 OPTION 1 OPTION 2
Whe = AK + AU }\/Any one Whet = AK
Wi = Yam(vi2 — vi2) + mg(hr — hi) Wi + Wy = Yamve - Vamvi2 vAny one
= %(1,8)(42 - 0,952) v+ (0 — 26,46) v Wt + mgh = Yam(vs?- vi2)
=-1287J Vv Wi + mgh = Yamve? - 1amvi2
Wt + 26,46 v'= 4(1,8)[(4)? - (0,95)4] v
Ws=-1287J (-12,872J) v (4)
16.6  (Whet =)0 J/zero v )
[13]
QUESTION 17
17.1 A force is non-conservative if the work it does on an object (which is moving between two points)
depends on the path taken. v'v" OR A force is non-conservative if the work it does on an object
depends on the path taken. OR A force is non-conservative if the work it does in moving an object
around a closed path is non-zero. (2)
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17.4
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K=%mvZ/Ex =" mv2

AK = Ks - Ki

AK = vsmve - Vsmvi2 v'Any one
= om(vi- vi2)
=15(200)(22 - 42) v

AK=-1200J v

FS / January 2021

@)

OPTION 1
Whe = AK + AU
Whe = V2 mve - %2 mvi2 + mghs - mghi
=% m (v vi?) + mg(hs - hi)
-3,40 x 103 v' = -1 200 + 200(9,8)(hs - 10) v
h=888mv (8,87765m)

} v'Any one

OPTION 2

E(mech/meg)A + W = E(mech)B

(Ep +Ex)a+ Wi = (Ep +Ek) 8 } v'Any one

(mgh + amv2) a + Wr = (mgh + ¥amv2) s

200(9,8)(10) + ¥5(200)(42) - 3,40 x 108 v = 200(9,8)(h) + 4(200)(2)2 v
h=888mY  (8,87755)

OPTION 3

Wnet = AK

Wi + Wy = Yamvi? - amvi2

Wi — AEp = Yamve? - Yamvi2 v'/Any one
Wi - mg(hs - hi) = Yam(ve- vi2)

-3,40 x 103 - 200(9,8)(h-10) v'=-1 200 v
h=888mv (887755 m)

OPTION 1
Whe = AK + AU } VANV one
Wengine + Wt = 2mve? - %2 mvi2 + mght - mghi y
= Yam(ve- vi2) + mg(hs - hi)

Wengine + (50)(2)(15)cos180° v" = 0 +200(9,8)(22 — 8,88) v
Wengine =27 215,20 J

w.. .
Pengine = egflne v

27 215,20

15
=181435W v

OPTION 2

Whet = AK

WnN + Wengine + Ww + Wr =0
WN + Wengine - AEp + Ws =0
0 + Wengine - (200)(9,8)(13,12) v + (50)(2)(15)cos180° =0 v
Wengine =27 215,20 J

v" Any one

OR

Whet = AK
Wn + Wengine + Wy + Ws =0 } v Any one
WNn + Wengine +mgsinBAxcos180° + Ws =0

0 + Wengne - (200)(9.8) (2222) (A x)(-1) ¥ + (50)(2)(15)c0s180° =0 ¥
Wengine =27 215,20 J

Weng ine v

Pengine -

t
27 215,20

15
=181435W v
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—OPT_ION 3 } v Enige een
Fret = ma
Fengine + Firiction + Fgr =0 OR
. _ _ (200)(9,8)(13,12) —
Fengme * ( 50) v 30 V=0 Wengine = FengineAXCOSG
Fengme = 907 17 N > = (907’17)(30)00300
/ =27 215,10 J
Pave = Fvave v Wengine
Pave = (907,17)(2) Pengine = ¢ v
=1814,35 WV 27 215,10
15 ,
=1814,34W
(5)
[14]
DOPPLER EFFECT
QUESTION 1
1.1.1  An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)
1.1.2 Towards v
Observed/detected frequency is greater than the actual frequency. v/ (2)
113 f =Y"YLt ORf, - f, v
vViv, V-V
1200V ‘/ﬂ(1130) v o Jovs =20,00 mst v (5)
343 -v,
1.2 The star is approaching the earth./The earth and the star are approaching (moving towards) each
other v/
The spectral lines in diagram 2 are shifted towards the blue end/are blue shifted. v (2)
[11]
QUESTION 2
2.1.1 v =TfAv
_ 340
520
=065mvy=f (2)
viw
21.2 f = Lf v
Vv,
3407
f = 520) v
L (340- 15)[ )
fL =544 Hz
v="fk
A= E v
544
=0,63mv (6)
2.2 The wavelength in QUESTION 2.1.2 is shorter because the waves are compressed as they approach
the observer. v'v/ 2)
2.3 The red shift occurs when the spectrum of a distant star moving away from the earth is shifted toward
the red end of the spectrum. v'v/ (2)
[12]
QUESTION 3
3.1 An apparent change in observed/detected frequency/pitch/wavelength v" as a result of the relative
motion between a source and an observer/listener. v’ (2)
3.2 fL = v n Vi fs OR f = v fs v The following values are obtained using other points:
Vv V-V,
825 v = (800) v’ vs (m-s7) Frequencies | v (m-s™)
Vs vs =20 850 310
(1,03125 )(v - 10) v'=v vs = 20 845 375,56
v=330ms"v vs =30 880 330
40 910 331
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3.3 Straight line with negative gradient / frequency decreases (linearly). v'v'
A

(fu)

0 >
Vs (2)
[9]
QUESTION 4
4.1.1  Frequency (of sound detected by the listener (observer). v/ (1)

4.1.2 An apparent change in observed/detected frequency/pitch/wavelength v" as a result of the relative
motion between a source and an observer/listener. v’

41.3 Away v Detected frequency of source decreases. v’ (2)
414 EXPERIMENT 2 EXPERIMENT 3
vty v vty v
fL = Lf, OR f, = fy v fL = Lf, OR f = fg v
vty ® Lvav o L vty ° Ly, ®
Vv w
874 v = —Y (900)v .. v=33615ms'v | 850 v = (900) v .. v =340 ms' v
v+10 v+20
EXPERIMENT 4
vty v
fL = Lf, OR f = fy v
vty ® L vy o
\4
827 v = (900) v .. v=2339,86 m's v
v +30 (5)
4.2 Away from the earth. v )
[11]
QUESTION 5
5.1 v=i v
= (222 x 10%)(1,5 x 10"
=333 ms’ v (3)
5.2.1  Towards the bat. v’ )
522 ¢ _VIVii ORIOFf =—"—f v
= ¥s V-V,
2363‘ 333 222y
T333- v;’{
76689,9 - 230,3 vs =73 926 (6)
v=12ms' v (towards bat/na die viermuis toe) [10]
QUESTION 6
6.1 ) 4 @)

6.2 As ambulance approaches the hospital the waves are compressed v'or wavelengths are shorter.
Since the speed of sound is constant v’ the observed_frequency must increase. v Therefore the
hospital must be located on the side of X (from v = fi)

OR: The number of wave fronts per second reaching the observer are more at X.v'v".
For the same constant speed, this means that the observed frequency increases v therefore the

hospital must be located on the side of X. (from v = fi) (3)
n v
63 fL-—"VLf OR f=—Y f v .. fi=_3%0 400)v ..f=43871Hzv (5)
v+vg V-V 340-30 v
6.4 v=fAv .. 340=400Av .. A=0,85mVv (3)
[12]
QUESTION 7
7.1.1  An apparent change in observed/detected frequency/pitch/wavelength v" as a result of the relative
motion between a source and an observer/listener. v (2)
712 v=fAv .. 340=1(0,28)v .. fs=1214,29Hz v (3)
71.3 + +
fL=—Vlf OR fi=——tyxY OR fl=—Y—f v
vivg VEvg  Ag V-V
v
[ 340Y Yog400 v OR £ =[—220 | 340 5 -1331,80 Hz v
340 ¥30 340-30) 0,28 (5)
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7.1.4 Decreases v (1)
7.2 The spectral lines of the star are/should be shifted towards the lower frequency end, v which is the

red end (red shift) of the spectrum. v/ (2)

[13]

QUESTION 8
8.1 Speed v (1)
8.2 3ms'v (1)
8.3.1  An apparent change in observed/detected frequency/pitch/wavelength v' as a result of the relative

motion between a source and an observer/listener. v’ (2)
832 345m-ss'v ., (1)
833 fL:vivL fs“:( 345+0 j(1000j=1200 by v (@)

VEvg 345 Y575 1
8.3.4 295V (K) (1)
8.4.1 Diagram3 v (1)
842 1V The source is stationary. v/ (2)
[13]

QUESTION 9
9.1.1  An apparent change in observed/detected frequency/pitch/wavelength v" as a result of the relative

motion between a source and an observer/listener. v’ (2)

vy v v

912 f. viv, fg OR f_ Vv, fg

365~ (340+0) v, 335 Vs =32,60 mesT v (5)

(340- vy)

9.2 According to the Doppler Effect if the star moves away v from the observer a lower frequency/longer
wavelength v' is detected. This lower frequency/ longer wavelength corresponds to the the red end v/

of the spectrum. (3)
[10]
QUESTION 10
10.1.1 Doppler effect v (1)
10.1.2 Measuring the rate of blood flow. v OR: Ultrasound (scanning) (1)
1013 fi=22YLf ORf=—" f ORf=—Y f v
s L— s L™ s L— s
tvg V=V V+ Vg
v
2600~ 340 v f,
(340-vy)
1750 ___40 fov' .. 2600(340-vs) = 1750(340 + vs) v .. vs=66,44 m's' v (6)
(340+vy)

10.1.4 (a) Increasev )

(b) Decrease v )
10.2.1 The spectral lines (light) from the star are shifted towards longer wavelengths. v'v/ (2)
10.2.2 Decrease v )

[13]
QUESTION 11
1.1 An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)
11.21 170Hz v (1)
11.2.2 130 Hz v (1)
1.3
Vs =4533 m's! v (45,33 — 45,45 m-s™) (6)
[10]
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QUESTION 12
12.1  An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)
12.2  Towards A v" Recorded frequency higher. v/ (2)
12.3 +
= vty PV
vivg
FOR A: FOR B:
(6)
12.4  Doppler flow meter/Measuring foetal heartbeat/Ultra sound/Sonar/Radar (for speeding) v/ (1)
[11]
QUESTION 13
13.1  An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v/ (2)
13.2 OPTION 1 OPTION 2
f=YEVig vOR f =Y ¢ f=YEVig v OR ¢ __V [V
viv, ° V-V viv, ° bv-v, (A
(5100) =~ 344 f, (5160 (3407 j 340)
G40-220>7 (3a0 220 )| 7,
fs=1500 Hz ——, % v
v=fAv .. 340=(1500)Av .. A=023m Y A=0,23 m @)
13.3  Greater than v/ (1)
[10]
QUESTION 14
14.1  An apparent change in observed/detected frequency/pitch/wavelength v* as a result of the relative
motion between a source and an observer/listener. v’ (2)
14.2  Away from v Observed frequency lower v/ (2)
143 v=fAv .. 340=1(0,34)v .. f=1000Hz v (3)
14.4 OPTION 1 OPTION 2
f=YIVig vORf =Y f f-YEVif vOR¢__V [V
VES VN V-V, viv, ° v-v, g
v 340V ;oo v /340500\
950 Y 1000"  ove=17mes” 950 = =) (1000)"
340+Q 340+0 ( ) (6)
Distance x = vAt = (17)(10) v =170 m v Distance x =170 m v [13]
QUESTION 15
d 300
151 Ax = VAt + Y aAt? OR V=170 v =30mstv
300 =vi (10) v
vi=30mst v (2)
15.1.2 The change in frequency (or pitch) (of the sound) detected by a listener because the source and the
listener have different velocities relative to the medium of sound propagation. v'v* (2)
15.1.3 Car/source (just) passes observer. v'v/ (2)
1514 ¢ -V*Vig v OR  f =Y
viv, ° v-v, °
v 340
932 ' =——— f ~ fs= 849,76 Hz v/ (4)
340-30" ¢ )
15.2  ANY TWO:
Doppler / Blood flow meter/Measuring the heartbeat of a foetus/Radar/Sonar/Used to determine
whether stars are receding or approaching earth. (2)
[12]
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QUESTION 16
16.1 Doppler effect v/ (1)
16.2 P registers a shorter period/higher frequency./Q registers a longer period/lower frequency. v/ (1)
1
16.3 f=—\/:#\/=5,88x102=588,24Hz\/ (3)
T 17 x10*
f=_ 1 v =556x102=55556 Hz
18x10™
vViv
ff=—"f v OR f-_Y
Vivg vy, C
v
v 4
555,56 = 340 588,24 © v=20msstv (6)
0+y
[11]
QUESTION 17
17.1  The change in frequencyv” (or pitch) (of the sound) detected by a listener because the source and
the listener have different velocities relative to the medium of propagation. v OR
An (apparent) change in (observed/detected) frequency (pitch), as a result of the relative motion
between_a source and an observer (listener). (2)
17.2  Towards (1)
17.3
vty
= — v
o=yt
3148 v 340+ 0 f
340 — v, ’°
2073 v 340 -0 f
340 + v, ’°
Solve for vs: . vs =70 m-s™' v/
(6)
7.4 'oPTION 1 OPTION 2 OPTION 3
Ax Ax = vilit + V5 aAt? _ (Vit vy
At=- 350 = 70At + 0 v fc = at
350 = v 70+ 70
At:% At 5S 350=( )At‘/
At=5sV At =5sV
(2)
[11]
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ELECTROSTATICS

QUESTION 1
1.1 To ensure that charge does not leak to the ground/is insulated. v/ (1)
Qr +Qs  +8+(-4)
1.2 Net charge = 5 = 5 v=2uC v (2)
1.3
Criteria for sketch:
Correct direction of field lines v
Shape of the electric field v
No field line crossing each other /No |
field lines inside the spheres.
3)
1.4 /: - g
FS onT FR onT (2)
1.5
F= 2%
r2
v
(9%x10%)(1x107%)(2x107°) 1 1
Fst= 2y =0,45Nleft OR Frs= —Frr=—(1,8)=0,45N left
(0.2) 4 4
(9x10%)(1x107%)(2x107%) _ _
Frr = (01)2 % =1,8 Nright OR Frr=4Fst=4(0,45)= 1,8 N right regs
Fret = Fst+ Frr = 1,8 + (-0,45) v = 1,35 N or towards sphere S or right S v/ (6)
1.6 Force experienced v per unit positive charge v'placed at that point. (2)
1.7 OPTION 1
F 135
E=—v=—2 5 =1,35x 108 N-C' v
q 1x10~
OPTION 2
k 9x10°%)(2x10°°
ER:_2Q‘/=( )(2 )/=1,8x106N-C'1 right
r (01)
k 9x10%)(2x 107
Es = —(3 = ( X 7 )= 4,5 x 10% N-C" left
r (0,2) 3)
Enet=1,8x108-45x105=1,35x 108 N-C"' v [19]
QUESTION 2
2.1 The (magnitude of the) electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes of the) chargesv” and inversely proportional to
the square of the distance between them.v’ (2)
2.2.1 F= KQ,Q,
=t

;
1440 < @A
' (05)°
Q=2x10%Cv
222 Q=nev
2 x10% = n(1,6x109) v

n = 1,25 x10" electrons/elektronev’ (3)
2.3.1 Left/West v (1)

(4)
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232 Take right as positive/Neem regs as positief
Ene{ =E, + EB""Ir v v
g =6 g
@x10t) = LX100(2x10%)  (8x10°)y,
(15) (1

Qfnal = 4,22 x 108 Cv

Q=ne

4,22 x10° = n!1,6x10ﬂ1 v

ne = 2,64 x10" electrons/efekironevy”

electrons removedfelekirone verwyder

= (2,64 x10" +1,25 x10) v (8)
= 3,89 x10" electrons/elektrone~ [18]
QUESTION 3
3.1 The (magnitude of the) electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes of the) charges v" and inversely proportional to
the square of the distance between them.v’ (2)
32 F=k3%,
r2
9 -6 -6
Fay = (9>107)6>10 )(6x107) = 3N to the left .
\(0,3)2 31 e
Fap = (9% 10°)(5x10°)3x10°°) /- 13,5 N downwards Fr
(0,1)2 Fa2
Fr=Fs1+Fa2 .. FR=4(3)? +(135)> v =13,83N Can use any trigonometric ratio
6 =tan! 135 =7747°
3
OR 6=tan' 3 v =12,53° . Netforce = 13,83 N in direction192,53° / 77,47°v 7)
135
[]
QUESTION 4
4.1 For object N: n:E/ Lo Q=(5x108)(-1,6x10"1) v =-8x10"1C Vv (3)
]
4.2 Charge on M (Qu) is +8 x 1013 C vV (2)
4.3 The electrostatic force experienced per unit positive charge placed at that point. v'v* (2)
4.4 E= kQ 4
2
r v
(9x10°)@8x107") _
PM = 77 =0,12 N-C to the right
(0,25)
(9x10%)(8x107"%)
PN = 77 = 0,72 N-C" to the left
(0.1)
Enet = Epm - Epn v =0,12-0,72 =- 0,60 N-C* .+ Enet = 0,60 N-C-" to the left v/ (6)
[13]
QUESTION 5
Q 05x10°°
5.1 n=—v .. n= —— v =3,13 x 10"? elektronev- ... (3)

e "7 16x1010
5.2 TV

Accepted labels

w | Fg/ Fw/ weight / mg / gravitational force

T | Fr/tension

Fe | Electrostatic force/Fc/ Coulombic force/Fa /Frepr

©)
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5.3 The (magnitude) of the electrostatic force exerted by one point charge on another point charge is

directly proportional to the product (of the magnitudes) of the charges v and inversely proportional to
the square of the distance between them.v

(2)
54  Fg= Qf)z v

v

L 1SN (9x10°)(05x10°)(09x10°) . T_gg3N v 5
Tcos83° 02)> ’ ©

[13]
QUESTION 6

6.1 Ex=E2+Ewg v = kQ_22 + E%é@rrect equation
r r
9 -5 9 -6
_ (9%x107)(2x10 )\/+ (9%x107)(8x10 )/

(0,25)? (015)?
=2,88x10% + 3,2 x 108 = 6,08 x 106 N-C-" v" to the east/right v/

OR

E=Q\/

r2

(9x10°)(2%107°) ,
2 = 2 = 2,88x 108 NC-' to the east/right
(0,25)
(9x10°)(8%107%) .
Es = 7 = 3,2 x 106 N-C-! to the east/right
(0,15)
Ex =E2+ E(s) = (2,88 x 108 + 3,2 x 106) v = 6,08 x 10° N-C-! v to the east/right v/ (6)
6.2 OPTION 1 OPTION 2
FE=QE Vv F2a1 = qE@) v
= (-2 x 109) (6,08 x 108) v/ = (2 x 109) (2,88x 108 )

=-12,16x 103N = 5,76 x 103 N to the west/left
FE=1,22x 102 N v to the west/left v

F2)a2 = gE@)
= (2 x 109)(3,2 x 108)
=6,4 x 103 N to the west/left

Fret=5,76 x 103+ 6,4 x 103 v

=1,22 x 102 N v'to the west/left 4)
6.3 2,44 x 102 N v' / twice / double )
(1]
QUESTION 7
71 The magnitude of the charges is equal. v (1)
7.2

The (magnitude) of the electrostatic force exerted by one point charge on another point charge is

directly proportional to the product (of the magnitudes) of the charges v" and inversely proportional to
the square of the distance between them.v

(2)
7.3.1 Tecos20° = wv’
=(0,149,8)» =098 N
ST=104Nv 3)
7.3.2

F electrostaticietektrostaties = 18IN20%
—k‘?fz Y= (1,04)sin20°

kQQ
5= 0,356

] -8 -
(9x10 }(250><120 N250x<107) ,_ g 356+
r

)]
r=0,0397mv [11]
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QUESTION 8
8.1 Ear X OR X
_______ e __. e __ Eg Eaz
Eqz

Vectors Eq1 and Eaq2 in the same direction. v'v/
Correct drawing of vectors Ea1 and Eq2. v'v" The fields due to the two charges add up because they

come from the same direction. Hence the field cannot be zero. (4)
'
k] 6y v
Ezsc = k - (9x10 {;{g}sxm )= 250 000 N.C"" to the left/na finks
Espc = k ‘9"10( 1};?"10 .31 952,66 N.C™ to the left/na finks
Er = EﬁpC +Eosic v
= 31 952,66 + 250 000 (6)
= 281 952,66 N.C™" v'to the left/na finks v/ [10]
QUESTION 9
9.1 GoQ,_ —32x10° G_Q,_32x10°
e -16x107"° e 16x107"°
= 2 x 10" v'electrons =2 x 10" v electrons (3)
9.2
TV Accepted labels
w | Fg/Fw/weight/mg/gravitational force
WY T | Fr/tension
Fe | Felectrostatic/Fa1a2 /Coulomb force/F
Fev
(3)
3 Fret=mg+Fe-T=0 - mg+kQ2Q -T=0Vv
r v
(0,007)(9,8) v + (9 x 109) (32 <107 (55 1079) T=9,39(4)x 102N v (5)
=~ (0, , + (9 x = =9, X 10-
(0,025)2 ¥
[11]
QUESTION 10
10.1  The (electrostatic) force experienced by a unit positive charge (placed at that point). v'v/ (2)
10.2
Marking guidelines
Lines must not cross / Lines must touch the |
spheres but not enter spheres
Arrows point outwards v
Correct shape v
(3)
10.3 =
r2
9 -6 9 -6
(9x107)(30x107™) (9%x107)(45x107)
Eaqix = 2 v & Eaqx= 2 4
(x) (0,15 +x)
. ©(9x10%)30x107%)  (9x10°)45x10°6) v
Enet=0 .. Eaqix = Ea2x - 2 = 2
(x) (0,15 +x)
S.x=0,67mv (0,667 m) ()

[10]QUESTION 11
11.1  The magnitude of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes of the) charges v' and inversely proportional
to the square of the distance between them. v/ (2)
11.2.1 Negative vv' ()
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1122 F= kQ1ZQ3 v
r F023 FQ13
(9x10%)Q,(2x10°) —e—o—>
0,012 = 5 v . Qi=4,17x108C Vv Fret
(25)
Fnet= Faiz+ Fa2s v/
9 -6 9 -6
-03v =0,012- 9x10 x?g)(z”o )v OR 0,3=-0012+ &*10 )(?g)(zxm )
S.Q2=16x105C v (7)
[11]
QUESTION 12
12.1.1 The magnitude of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes of the) charges v and inversely proportional
to the square of the distance between them. v/ (2)
12.1.2 Fe/Electrostatic force v/ (1)
12.1.3 The electrostatic force is inversely proportional to the square of the distance between the charges. v (1)
AF, _
1214 Siope= —& v=2027=0 4 60 100 Nm?2
AL 56-0
r2
Slope = FEr? = kQ1Q2=kQ? v ~ 4,82 x103v' =9x10°Q?v ~Q=7,32x107C vV (6)
12.2.1
Criteria for drawing electric field:
Direction v
N < Field lines radially inward v
(2)
12.2.2 E= kQ v
2
r
Right as positive:
(9x10%)(0,75x107°°)
PA = 2 v =8,33 x 105 N-C' to the left
(0,09)
(9x10°)(08x107°)
PB = 2 v =8 x 10% N-C" to the left
(0,03)
Enet = Epa + Epc=[-8,33 x 10% + (- 8 x 108)] v'v' =-8,83 x 106 = 8,83 x 106 N-C" v/
Left as positive: Enet = Epa + Epc = (8,33 x 10° + 8 x 106) v'v' = 8,83 x 108 N-C' v (5)
[17]
QUESTION 13
13.1 Electric field is a region of space in which an electric charge experiences a force. v'v/ (2)
13.2

Marking criteria

Correct shape as shown.

Direction away from positive

Field lines start on spheres and do not cross.

AR AN

Terms, definitions, questions & answers © Free State Department of Education



Physitasaishkesrigrhyddspen 1S tanmorephogsics.com

[9x10° J5x10°)
(1,25)

ka _ lox10®)5x10)
2 (0757

v '=2,88 x 10* N-C-" to the right

Ers v'=8,00 x 104 N-C-" to the left

r
Enet = Epa+ Epe = 2,88 x 10* + (-8,00 x 10*) = 5,12 x 104 N-C"' v

QUESTION 14
14.1.1 Removed v

6x10°°
16x107"°

Q
1412 N=—v=
e

Negative v/
F2s

v = 3,75 x 103 velectrons

14.2.1
14.2.2

Qs
Frs
KQQ,
2
(9x109X2><:g_6X6X10-6)(003450)‘/ ;

1423 F=
(0.0764)"

I:1 3x = 2

kQ,Q,

1424 F=

r2
9 -6 -6 v
oo _ox10 szg Jox10%) (Gosas) — 00764
r r
Fx = F13x+ F2,3x
00764 00764 __ 0076
Fx = + =2

X v Addition
2 2

FS / January 2021

()

(3)

r r r

0,1528 NOTE: Fynet=0

(0,12) v’ = > sr=1128mv
r

14.3.1

(4)

The electric field at a point is the (electrostatic) force experienced v'per unit positive charge v/

placed at that point.
kQ

9
. 100=(9><’I02)Q
r2 (0,6)
When the electric field strength 50 is N-C-*:
9 -9
E:@ - 5p_(9x10 )2(4x10 %
r r
r=0,85mv (0,845) m

1432 E v .. Q=4x10°C

v equation

QUESTION 15
15.1

(5)
[21]

The magnitude of the electrostatic force exerted by one point charge on another point charge is

directly proportional to the product of the (magnitudes of the) charges v' and inversely proportional to

the square of the distance between them. v/
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15.2 OPTION 1
_kQQ, , _ (9x10°)(6x10°)(8x107°Y

F =10,8N Vv
r? (02>~
OPTION 2
9 6\
_kQ _ (9x107)(8x107) N
Both v E—r—2 = (02)2 =1,8x10* N-C
F=Eq=(1,8x104)(6x 10%) v =10,8 N v 4)
15.3
v
» Fxy
S, Frot v Markipg criteria. .
Fz op v if correct direction 4
Fxopy if correct direction 4
= Resultant vector \4
3)
154 OPTION 1
2 _p2 2
I:net_FXY"'FZY }/Anyone
15202 =108% +F2,
Fzv=10,696 N
8x10% xQ
Fzv =k@ . 10,696v = 9x10° x—zz\/ S Qz=1,34x105Cv
r (0,30)
OPTION 2
cosb = @ S 8=4472°
15,2
: I:ZY I:ZY —
sin44,72= —=—-v OR tan44,72= —%— Fxy=10,8 N
15,2 Fyy 5 >
. Fzy=10,696 N
Fret = 15,20 N
Fzv = k —QZSY
r
8x107°
.10,696 v = 9x10° xX—XZQZ v
(0,30)
. Qz=1,34x105CV (4)
[13]
QUESTION 16
16.1 Electric field at a point is the force per unit positive charge placed at that point. v'v/ (2)
16.2 E =g
r
Enet = (Ea + EB) v
-6 -6
=9x109£—51’5><102 +9x109£—)2’0><12
(0,4) (0,3)
=2,84x 105N-C* v (4)
16.3 Fe=qEV
=(3,0x10°)( 2,84 x 105 v
=8,52x10* N Vv (3)
[9]
QUESTION 17
17.1 The magnitude of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes of the) charges v and inversely proportional
to the square of the distance between them. v (2)
17.2 FR:‘/ > =‘/FRp
R (2)
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17.3 To the right as positive:

-1,27 x 106 =150Q —450Q v* .. 4,23x10°C Vv

QUESTION 18
18.1

Marking criteria:

Shape (radial) v/

Polarity of A v
18.2

v
18.3
Positive marking from Q8.2 for this option.

QUESTION 19

19.1  The two forces must be equal in magnitude v but in opposite directions. v/
19.2  The magnitude of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes of the) charges v' and inversely proportional

to the square of the distance between them. v’

193 F=, Qv
I'

Fog= (9%10°)QK5%10°) , _ 45.10°Q
(x)? R
= (9x10°)Q)7x10°) , _ 63 x10°Q
(1-x) I
(Fnet = Fra- Fva= 0)

45x10°Q = 83 x10°Q v - §708(1 - x) = 7,937x .. x = 0,46 m away from P
X2 (1'X)2

Fva

QUESTION 20
20.1

Criteria for sketch
Lines are directed away from the charge. v
Lines are radial, start on sphere and do not cross. v

(7)
(1]

()

©)

(6)
[11]

()

)
[l
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202 Q=nev =(8x10")(-1,6 x10-"°) v or (8 x 10'%)(1,6 x 10-'9) =- 12,8 x 106 C
Net charge on the sphere Qnet = (+ 6 x 10 ) + (-12,8 x 106) v =-6,8 x 10 C

kQ
E=T v
]
= _(9x10°)(6.8x10°) ¥
(0,5
= 2,45 x 10° N-C-'v" towards sphere v/ (7)
[9]
QUESTION 21
211 Qret= U +Q,+Q; - 3x109= -15x10°+Q+2x10° v . Q=+4x10°C v )
3 3
21.2

Correct shape v
Correct direction v/
Lines must not cross and must touch spheres v/

21.3  The magnitude of the electrostatic force exerted by one point charge on another point charge is
directly proportional to the product of the (magnitudes) of the charges and inversely proportional to

the square of the distance between them. v'v/ (2)
214 | OPTION 1 OPTION 2
F:kQ;QZ/ E _kQ” (9x10°)(3x10°?
r s~ 2 = 2
r (0,1)
9 -9 -9 ’
SP=(9><1o )(3><1o2 )3x10°), - 2 700 N.G- v
(0,1)
= 8,1 x 106 N downwards _kQ _(9%10°)(3x10°)
_(ox10°)3x10°)(3x10*), Er=z T 03y
™ (0,3) =300 N.C"’
=9 x 107 N left
Fre? = (Fsp)? + (F1e)? Eoe =EZ+EZ =4/(2700) +(30)* ¥
- -1
F P +FL ) / for any 2716,62N.C
F=Eq=(2716,62)(3 x 109) v
— 62 -6
Fo =y 81x10°)° +(09x10 = 8,15 x 106N v
Fret = 8,15 X 106N v/ (5)
215 _E \/=8,15X10-6
T q 3x107°
=2,72x 103 N-C" v/ (3)
21.6.1 Sphere PorT v )
2162 SPHEREP: ne= @ orne= & = —15x10° , _g3g, gm0
9 e  -16x10"
mass gained = neme = (9,38 x 10"9)( 9,11 x 103" ) v' = 8,55 x 1020 kgv’
SPHERE T:
ne= Qorne= & = =5x10° ,_ 3495 100
q e -16x10"
mass gained = neme = (3,125 x 101°)( 9,11 x 103" ) v = 2,85 x 1020 kg v (3)
[19]
QUESTION 22
22.1  The electric field at a point is the electrostatic force experienced per unit positive charge placed at
that point. v'v/ (2)
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22.2  Q2is positive_v’

The electric field due to g1 points to the right because g1 is negative. v Since the net field is zero, the

field due to g2 must point to the left away from g2, v hence q2 is positive.

OR Since Enet is zero,E1 and E2 are in opposite directions therefore q1 and g2 are oppositely charged. (3)
223 E=,Qv

r2
Enet=0
k%:k% OR 91 _%
r.

r 2 I'12 r22
(9%10°)(3x10°) (9%10°)q, Vv
(017 (0.4)°
Q2=+48x108C Vv (4)
22.4  The electrostatic force (of attraction/repulsion) between two point charges is directly proportional to
the product of the charges and inversely proportional to the square of the distance between them. v'v' (2)

225 p_kQQ, ,
2

;
(9x10°)3x10”Ja8x10%)

(0,3f
=144 x 105N v (3)
226 YesV
Both charges are equal and positive v’ (2)
[16]
QUESTION 23
23.1.1 Positive v’ )
2312 _KQQ, v
r.2
3.05 = (9x10°)(6 x10°)Q
0,2°
Q=2,259x 106 C v (2,26 x 106 C) (3)
2313 T Accepted labels
wv’ Fg/ Fw/ weight / mg / gravitational force
TV Fr / tension
Fev | Electrostatic force/ Coulomb force/ F e Field
Fe
w (3)
23.1.4 | OPTION1 OPTION 2
Fret=0 } T FE P
Fe = Tsin10° v Anv one . 5= S
Fe = T cos80° y sin90° sin10
3,05 = Tsin10°}\/Any one T_305
= Tcos80° 1" sin10°
T=17,56 N v (17,564 N) T=17,56 N v (3)
23.2.1 The electric field at a point is the (electrostatic) force v experienced per unit positive charge placed at
that point. v/ (2)
23.2.2 Electric field at M due to A (+2 x10-5 C):
k ]
E, =—? v = 9x10° (ZLO;) v =4,5x108N-C" (to the right)
r (0,2)
Electric field at M due to B (-4 x10® C):
kQ
EB :r_2 OR (ge=2xqQa
= gx100 4x10°) v Es = 2x Eav
(0.2)°
=9 x108N-C (to the right) =9 x 108 N-C (to the right)
Enetat M = Ea + Eg = (4,5 X108 + 9 x108) v' = 1,35 x107 N-C-! v to the right v/ (6)
[18]
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24.1
n=2yv
e
—4x10°6

—1,6x10719
2,5x1013 v/

that a positive answer is obtained.

A negative answer not accepted; substitute so

@)

242

k
Pk,
r

~ (9x107)(4x107°)(3x107°) y
B 0,22

=27JNVY

243

Electric field is a region (in space) where (in which) an (electric) charge experiences a (electric)

force. vv'

()

24.4 OPTION 1
Electric field at M due to: -4 x 108 C
kQ
Eqy = r_z v
(9x10%)(4x107%) L,
h 0,32
= 4x10° N - C~1 (to left)
Electric field at M due to: +3 x 106 C
kQ
Egy = 7"_2
(9x10°)(3x107°) .
h 0,12
=2,7x10° N - C~* (to right)
Net electric field at M
Enet = Eam + Eam
=4,0x105-2,7 x108 v
= 2,3 x108 N-C-1 v/(right)
OR
Net electric field at M
Enet = Eam + Eam
=-4,0 x10%+ 2,7 x108 v/
=-2,3x108 N-C
= 2,3 x108 N-C' v (right)

OPTION 2
kQ,Q
Fay = r12 2
_ (9x10°)(4x107°)Q .
B 0,32
= (4x10%)(Q)
Q:0Q
Fapy = 7”12 2
_ (9x10°)(3x107°)Q L,
B 0,12
= (2,7x10%)(Q)
Fret = 2,7 x 108Q + (-4 x 10°Q)v" = 2,3 x 10%Q

E=Ly
Q

_2,3x10°Q

Q
=2,3x10° N - C~1 v (right)

()

24.5 Positive

Terms, definitions, questions & answers

(1)

© Free State Department of Education



Physitacsaisnkesriarhydidspen 1S tanmorephissics.com

24.6
(Fret)? = (Fap)? + (Fag)? OR
(7,69)? = (Fap)?+ (2,72 v kQ,0Q,
Fap =72 N Fap =—03
kQ:Q 9 -6
Fup = r12 2 _ (9x10 ())(f;czlo )Q v
S, - (9x100)4x1079Q = 1,6x10°Q
’ 0,152
Qp = 45x107°C v Fret = /(FAZB + Fip)
7,69 = /2,72 + (1,6x106Q)2 v/
Q =4,50x1076C v
ELECTRIC CIRCUITS
QUESTION 1
1.1.1  Keep the temperature (of battery) constant. v/
1.1.2

114
1.21
1.2.2
1.23

Terms, definitions, questions & answers

Graph of potential difference vs current

B,EI“
5.0
4.0
2.0
o g T , ) gl
(&)
Criteria for drawing line of best fit:
ALL points correctly plotted (at least 4 points) v
Correct line of best fit if 3 plotted points are used. v
72VV
(Accept any readings between 7,0 V and 7,4 V or the value of the y-intercept.)
AV o.727
= — =—= =. ‘r= v
Slope N 0807 9..r=9Q
P=VIv .. 100=20(I) v ..1=5AY
2 2
P=V_ v .. R= (207 =267QV
R 150
P =Vl OR P=1IR
Sohisow= 190v =75A S Tisow = [150 v =75 A
20 2,67
ot=(5+7,5) v
e=I(R+r)v .. 24=125R +r)
24 =Vext+ Vir .. 24=20+12,5(r) v S.r=0320Qv

Device Z is a voltmeter. v/

FS / January 2021

(3)
[17]

(1)

@)

()
(1)

Device Z should be a voltmeter (or a device with very high resistance) because it has a very
high resistancev”_and will draw very little current. v' The current through X and Y will remain the same

hence the device can operate as rated.

(2)
[22]
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QUESTION 2
2.1.1 Same length of wires.v’
Same thickness/cross-sectional area of wires. v’ (2)
2.1.2 Wire A (Resistor A)Draad A v
R AV,
T A Accept any correct coordinates chosen from the graph
4.4 Aanvaar enige korrekte kodrdinate van die grafiek
Ra= 04 v =11 QY| gekies.
22
= — = v
Rs 04 550
E = P RAtY
|
For the same time and current, the heating in A will be higher because its
resistance is higher than that of B. v (8)
221 | OPTION 1/OPSIE 1 OPTION 2/OPSIE 2
|5.5n1|11n V=IR
2:1 Vi1o0=02x11
50 = (0,2)(2) vV =22 Vv
=04 AV Vﬁ‘ﬁ = V=22V
B
55~ 55
=04 Av (3)
222 | OPTION 1/OPSIE 1 OPTION 2/OPSIE 2
V=IR lot = (0,4 +0,2) v
[le=(04+02) v =06 A
=06A Vet =Viio+Vy v
l=i+i+ ”'f = [IIDI (Rﬁ} + 2:2]
R, Ry R, =0,6(11)v +2,2
1 1 1 = 8,8Vv
Rp 1155 7
Rp 36?lﬂ € =Vexq + lilr) ¥
P= = + v
RT=RP+R§'_—-‘—- ?=g’23 gﬁr
=367+11v ’
=14,67(
e=lR+r)v
9=0,6(14.67 +r) v
r=0330+v (7)
2.2.3 Decrease v
The total resistance increases. v’ (2)
[22]
QUESTION 3
3.1 Negative v/ )
V 1,36
3.2 lLy=—v=—2-_v=023A" 3
“"R ©
3.3 OPTION 1 OPTION 2
V 136 V. 136
lao == =—v=045A l3=—=-—"-v =045A
TR 3 R 3
Ir=I+I3 =0,23+0,45v =0,68 A Ir=I+13 =0,23+0,45v =0,68 A
Viest =€ - Vew? = 151,36V =044V | 1 1 1,1 1.1, . g o_sq
Vintriost = Ir v/ R, Ry R; R, 6 3
= VA = v
0,14 =(0.68)r r=0210 e=I(R+r)v..15=0682+r)v.. r=021Qv | (7)
34 Decreases v’ Effective resistance across parallele circuit decreases. v Terminal poetantial difference
decreases. v' Resistance in ammeter branch remains constant. v/ 4)
[15]

Terms, definitions, questions & answers

© Free State Department of Education



Physitacsaishlespigrhydidspen 15 tanmorephysics.com FS / January 2021
QUESTION 4
4.1 The potential difference across a conductor is directly proportional to the current v'in the conductor at

constant temperature. v’

4.2 OPTION 1
Vg=IR v =(0,5)(8)=4V =V

V 4
Ie= —-=-—=0,25A

OPTION 2
Vs=IRY =(0,5)(8) v =4V

17 1
1 1 1 =—+— v 2R=533Q

4.3 OPTION 1
Va0a = IR =( 0,75) (20) v = 15V

Viot = (15 +4) v =19V
VrR=19V

P=VIv

212=(19)Rr v
~IR=1a2=0,63 AV

_+_
R 16 R, Ri R; 8 16
4
TItoty = Ia1 = (0,5 + 0,25) v = 0,75 A v ltoty = % =Ia=0,75A YV
OPTION 2

At R=5330
R, Ri R, 8 16

R+ R20=(5,33 + 20) v = 25,33 Q

Vit = I(Ry + R2o ) = (0,75)(25,33) =19 V
P=VIv +212=(19)r vV
~IrR=1a2=0,63AV

44 OPTION 1
€ =I(R+r)v = Vigot + Vint
=19 +(0,75+0,63)(1) v =20,38V vV

OPTION 2
Vint = Ir = (0,75 + 0,63)(1) v = 1,38 V
€ = Vot + Vint v =19+ 1,38 =20,38 V v

QUESTION 5
5.1.1 V=IRv
=(0,2)(4+8)v
=24V
512 | ¥=R OR
24 =13(2) v 13=6x02v
lag = 1,2 AV Il =1,2 Av
lr=12+02Av lt=1,+02v
=14 Av 14 A
51.3 OPTION 1 OPTION 2
LI U B Vint = I’
R, R, R, =(1,4)(0.5)
=0,7Vv
i:l-}-l =V +V
R 722 i
Rp=1,720v AR
€ = |(R+r) v =31V
= 1,4(1,72+ 0,5) v
=3,11Vv
5.2 Removing the 2 Q resistor increases the total resistance of the circuit. v' Thus otal current decreases,
decreasing the Vint (Viost). v Therefore the voltmeter reading V increases. v/
QUESTION 6
6.1.1 | OPTION 1 OPTION 2 OPTION 3
R P=VI P=VI
P= — 4=1(12) 4=1(12) ~ 1=0,33..A
R I=0,33..A P=IRV
VZ (12 _ V=IRY 4=(0,332)R v
=F=% YR =36QY 1 12=033Rv :R=3636Qv |~.R=3673Q
6.1.2 Increase
6.1.3 No change v Same potential difference v" (and resistance)
6.1.4 V=|R/ -'-5=|(6)‘/ ~1=0,83A
Veiost = Ir OR € =|(R+r)
1=(0,83)r Y 6=(0,83)6+r) "
r=1200Qv r=1230"

6.2.2

Terms, definitions, questions & answers

Maximum work done (or energy provided) v' by a cell per_unit charge passing through it. v/

()

(4)

®)

()
[14]

©)

(4)

()

(3)
[15]

(4)
()
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6.2.3 | OPTION 1 OPTION 2
Voost = Ir Voost = Ir
1,5 =1(1,2) 157 =1(1,2) ~ 1=1.25A
I=1,25A Vi = IoRo
45=(125)R, v
V) = l6Rs Rp=3,6Q
4,5 = 16(6) 1 1 1
ls=0,75 A R, Rx Ry ”
Vi = IRy J_1.1,
4,5=(1,25-0,75)Rx v Ry Rx 6
Rx=9Q v 6R
~Ry= X =3,6 ~Rx=9QV (5)
R, +6 [17]
QUESTION 7
7.1.1  Maximum work done (or energy transferred) by a battery per unit charge passing through it. v'v' (2)
712 12VV (1)
713 0V/Zerov (1)
7.1.4 | OPTION 1 OPTION 2
e=I(R+r) OR €= Vext + Vintv' V=IRV
12 = 11,7 +Ir 0,3 = It(0,2) v
03=I(02) v ..Iot=15AY ot =1,5AY (3)
(A E R N E
715 Rp_R1+R2 TRET: L R=60Q 2)
7.1.6 | OPTION 1 OPTION 2
V=IRY V=IRY
11,7v =156 +R) v 117=15R v
R=18QY R=78Q andRr=7,8-6vv=18QY (4)
721 | OPTION 1 OPTION 2 OPTION 3
Pave = Fvave v'= mg(Vave) AE, + AE w AE
= (0,35)(9,8)(0,4) v P= VZ’;C v'= "At P P= 7 Ttp
=137WV
_ 0+(035)(98)(04-0) _ (035)(98)(04)
1 1
=137 WV =137 WV (3)
7.2.2 | OPTION 1 OPTION 2
P=VI NE
137=3) v = —
1=046 A v'Any one 32 v'Any one
€ = Vext + Vint 1'37_ ?‘/
= V1 + Vx + Vint R=6,57Q
12 = V1 + 3 +(0,2)(0,46) v P=VI
V=891V 137=3) v
|=0,46 A
Vr=IRr e=I(R+r) (5)
8.91=(046)Rrv .. Rr=19,37Q Y 12=0,46(6,57 + Rr+02)v ..Rr=19,38Q v | [21]
QUESTION 8

8.1.1

The potential difference across a conductor is directly proportional to the current in the conductor v/

at constant temperature. v’

Terms, definitions, questions & answers
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8.1.2
Graph of potential difference versus current
5,0
' N
3 40 N
(%)
c
o
8 N\
[+
T 3
® N
c
g 3
e 2 \
1,( C
N Cyrrent (A)
0o 1,0 2,0 3,0 4,0 5,0
Straight line passing through 4 or five points. v/
Straight line with intercepts on both axes. v/ 2)
8.1.3 5,5V (Accept any value from 5,4 V to 5,6 V.) NOTE: The value must be the y-intercept. (1)
AV - -
8.1.4 Slope= — v or Y2 Y1 = 55-0 . 1,2 .. Internal resistance(r) =1,2Q v
Al X5 - X, 0-4,6
NOTE: Any correct pair of coordinates chosen from the line drawn (3)
821 V=IR .. 2184=T(8) v .. tet = 2,73 A vV (3)
822 -1, 1 1 _ 1. 1, Rr=120v 2)
Ry Rz Ry R, 30 20
8.2.3 OPTION 1
Riot=(8+12+r) v =(20+7r)
E=IR+r)v .. 60=273(20+n v .. r=1,98 Qv
OPTION 2
Vi=Tetx Ry =2,73(12) v = 32,76 V
Vierminal = (32,76 + 21,84) v/ OR € =Viest+ Vi + Vs
=546V 60 = (Viost + 32,76 + 21,84) v
“Viest” = 60 - 54,6 = 5,4 V Viost = 5,4 \%
V=IR .. 54=273r . r=198Q Vv (4)
8.2.4 OPTION 1 OPTION 2 OPTION 3
V2 W = I2RAtV W = VIAtY
= FAt v =(2,73)2(20)(0,2) v = (54,6)(2,73)(0,2) v
5 =29,81Jv =29,81JVv
(54,6) 3)
w= """ (02)v =2981Jv
20 [20]
QUESTION 9
9.1.1 P and Q burn with the same brightness v" same potential difference/same current. v/ (2)
9.1.2 P.s dimmer (less bright) than R./R is brighter than P.v’

R is connected across the battery alone therefore the voltage (terminal pd) is the same as the emf

source (energy delivered by the source). v’

OR: The potential difference across R is twice (larger/greater than) that of P./The current through R is
twice (larger/greater than) that of P. (2)
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9.1.3 T does not light up at all. v" Ris brighter than T. v Reason: The wire acts as a short circuit. v/

OR: The potential difference across T / current in T is zero.v’

()

9.21 1 1 1 1 1
= 4 V= —+— 2 R;=333Q (3333Q)
OR
R/ = R0, (5)10) v=3330 (3,333Q)
Rs +Ryq (5+10
Rot=Rs+Ry+r =(8+3,33+1) v =Rs+Ry=8+3,33=11,33Q
=12,33Q
V 20 e=I(R+r)Vv
hot=—v'= ——=v =162A 20 =1[(11,33 + 1)v] vV
R 1233 1=1,62AY
2 le=162AV (6)
9.2.2 OPTION 1
V=IR v'Any one
Vs=E— (Vs + V1)
=20v -[162(8+1)]v =542V VYV
OPTION 2
510 Vi=IRy v
Ri= ((5}10 =3,33Q > =(1,62)(3,33) vv
R, \C =539V v
VR// = X VtOt / VR/ 20 vv = 5 41 V‘/
tot
9.2.3 OPTION 1 OPTION 2
P=IVVY P=IPRV
_ Ptot = Psa + Py + P1a
= (1,62)(20) v = IP(Rs +Ry+ R1) 3)
=324 WV = (1,62)28 +3,33 + 1)] v = 32,36 W v/ [19]
QUESTION 10

10.1.1 The potential difference (voltage) across a conductor is directly proportional to the current in the

conductor at constant temperature. v'v’
10.1.2 Equivalent resistance v’

AV
10.1.3 Gradient = A = 025 00 =4 (Q)v" NOTE: Any correctly chosen pair of coordinates. (2)
10.1.4 | OPTION 1 OPTION 2
InseriesR1+R2=4Q v ................ (1) Forgraph X: R1+R2=4 v ......... (1)
In parallel RR, 1Qvv ... (2) For graph Y: 1 i+ 1
Ri+R; Ry Ry Ry
R1R2 = 4 Q 1 1 1
~R1=R2=2QV —+— =(—j VY e (2)
Ri R, 1
Rf -4R,+4=0 ~R1=2Qv 4)
_V 5 5
1021 l=—=v =— " =" v=083AV (3)
R (Ry+Ry)  (6)
10.2.2 | OPTION 1 OPTION 2
=I(R+r)v =0,83[(6 +1,5) v+ 0,9v] €=(Vs+Vi+ Vi)V [ Vext + Vint
_ _ v B = [5+(0,833x1,5) v+ (0,9 x0,833)] vv
6.997V=7(00)V (6972-7,00V) | _g999y=7(00)Vv (6,972 —7.00V) 4)
10.2.3 The resistance Ry will be 3 Q v
The voltage divides (proportionately) in a series circuit. Since the voltage across M is half the total
voltage, it means the resistances of M and N are equal. v (2)
[18]
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QUESTION 11

11.1.1 The potential difference across a conductor is directly proportional to the current in the conductor at

constant temperature.
11.1.2 Graph X. v Graph Xs a straight line (passing through the origin) therefore potential difference is
directly proportional to current. v
11.2.1 R=10+6+2V v
=18 Q

11.2.2 Decrease v
The total resistance of the circuit increases. v’

11.2.3 Increase v

11.2.4_ The total resistance in the external circuit increases, v
Current decreases v’
"Lost" volts decreases v’

QUESTION 12

12.1.1 The potential difference across a conductor is directly proportional to the current in the conductor at

constant temperature.
OR The ratio of potential difference across a conductor to the current in the conductor is constant,
provided the temperature remains constant.

121.2 Vi=IRvV =(0,6)4)v =24V YV

12.1.3 [ OPTION 1 OPTION 2 OPTION 2
2,4 6 Vaa =Vea ~  l40R1 = leaR2
leo = % =5 =04AY E@): 06~ (0,6)(4) = lea(6) v
= v
2l=1A 2lea=04AY loo =04 A
1214 Vo=IR=(0,4+06)(5,8) Y =58V v
12.1.5 [ OPTION 1 OPTION 2
Vea =(58+24)v =82V A_ 1 1 =14 1:25 R=240
Vint =(';)(0 8 =08 R, R, R, 6 4 12
= ’ = b V
Emf=08+82=9V‘/ Rext:(2,4+5,8)\/:8,20
e Emf =I(R+1)=1(82+0,8)v =9V
12.1.6 | OPTION 1 OPTION 2 OPTION 3
W=VIAtv W=IPRAtV 2 0,8%(15
= (08)(1) (15) v (1R Osyte | W= VAte= 2R <12y 0
=12JV =12J Vv ,
1221 R=Y =28v=4Qv
| 0,7

12.2.2 Increases v
Total resistance decreases, v current/power increases, v' motor turns faster

QUESTION 13
13.1 The battery supplies 12 J per coulomb/per unit charge. v'v/
OR The potential difference of the battery in an open circuit is 12 V.

13.2 OPTION 1 OPTION 2 OPTION 3
Viest = Ir v = (2)(0,5) =1V e=I(R+n v E=IR+r)vY
Voxt = EMf= Viest = (12-1) v =11 VY | 12 = Veureks +(2)(0,5) v | 12 = 2(R + 0,5)
Vexteks = 11 VvV R=55 Q
V=IR=2(55) v
=11V Vv
13.3 | OPTION 1 OPTION 2 OPTION 3/OPSIE 3
Vo 11 05:R=111v 1 11y
=T/=?=5’50/ R=55Q 05 R
R=55Qv

()
()

(%)

(2)
(1)

(3)
[15]

(3)
[20]

(2)
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OPTION 4 OPTION 5
Viotal = IRtotal e=I(R+r)
12 = (2)Riotal 12=2(R+0,5) v
Riotal = 6 Q R:5,5Q\/
R=6-0,5v
=55QVv (2)
13.4  Decreases v
Total resistance decreases. v/
Current increases. v/
"Lost volts" increases, v'emf the same OR in € = Vext + Ir, Ir increases v/, € is constant
External potential difference decreases ... Vexteks decreases (4)
(1]
QUESTION 14
141  Temperature v’ (1)
142 r=3Qor1,5Q vV (2)
14.3 Any correct values from the graph
OPTION 1 OPTION 2 OPTION 3
€ = slope (gradient) of the graph v € e=IR+nrn v
e=75-(-3) v R=T—rf =0,511+3) v
1,5-0 v €E=7VYV
=7V VY 7,5 =15¢ -3 (3)
E=7VVY [6]
QUESTION 15
15.1.1 The rate at which (electrical) energy is converted (to other forms) (in a circuit). v'v’
OR: The rate at which energy is used./Energy used per second.
OR: The rate at which work is done. (2)
15.1.2 V2 P=VI P=VIv
P== v 6 = (12)(1) 6 = (12)(1)
, _(2re) ~1=05A ~1=05A
g 12f 6= P=IRv V=IR
R R=24 Q v 6=(0,52R Vv 12=(0,5R v
R=24QV R=24QVv R=24QV (3)
15.1.3 | OPTION 1 OPTION 2
1 1 1 Rext = (Rs + R//)
L L
R. R, R, L S
11y, R- R, R,
2424 =1, 'viRri=120
Ri=12Q 24" 24
Rext = (Rs+ Ry) Rext= (24 +12) v =36 Q
Rext = (24 +12) v/ V32
=360 P=IR=—1
V=IR OR e=I(R+r v
12=1(36 +2) v I2(36+2)=(12)2 v
1=0,32AV 38
[=0,32AV (0,316) (5)
15.1.4 | OPTION 1 OPTION 2
V=IR V=IR
V = I(Ra+r) For the parallel portion (or from 8.1.3):
=0,316(26) v’ 1_1.10R ,__RR,
=8,216 V (8,32 V) R R, 'R, R=R,+R,)
= (24)(24) -
Vi = (12 - 8,216) v R= s 120
= 3,784 V(3,68 V) V=V v
~Vc=3,78V (368V) Vv V = IRy=(0,316)(12) v = 3.79 V (3,84 V)V
OPTION 3
la=lg+lc =218
0,316 =2Is v
ls =0,158 A
V=0,158 (24) v = 3,79 Vv (3)
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15.1.5 OPTION 1

2
= % OR For a given resistance, power is directly proportional to V2. v/

Since the potential difference across light bulb C is less than the operating voltage, v
the output/power will be less. v/

OPTION 2

P =12R OR For a given resistance, power is directly proportional to 12. v/

In_the circuit, the current in light bulb C is less than the optimum current required (0.5 A). v
The output power will be less.v’

OPTION 3

P = IV OR Power is directly proportional/equal to product of V and I. v/

The voltage across light bulb C, as well as the current in the bulb are less than the optimum values v

hence power is less v" and brightness is less. (3)
15.2.1 The total current passes through resistor A. v For the parallel portion, the current branches,
therefore only a portion of the total current passes through resistor C. v/ (2)
15.2.2 The current in B is equal v to the current in A. The circuit becomes a series circuit. v/ (2)
[21]
QUESTION 16
16.1 Maximum work done (or energy provided) v' by a battery per_unit charge passing through it. v/ (2)
16.2 13V YV (1)
1631 R = Yv ~56=105v.1=183Av (1,875A) (3)
| |
16.3.2 | OPTION 1 OPTION 2
P=VIv P=I2Rv
=(10,5)(1,88) v = (1,88)%(5,6) v
=19,74 W v (19,688 W) =19,79 W v (19,688 W)
OPTION 3
2 2
p=Y", _105" ,_ 1979w v (19,688 W)
R 56 (3)
16.3.3 | OPTION 1 OPTION 2
E=I(R+r)V -
13=(1,88 ()5,6+r)w/ r= \/mtlernal \/=12,5 \/:1,339/
r=131Qv .88 3)
16.4.1 Decreases v
Vinternal resistance/ Internal volts increase v/ (2)
16.4.2 | OPTION 1 OPTION 2
E=IR+r) v E=I(R+r)v
13=4 (Rext + 1,31) v 13 = 4(Rext*+ 1,31) v
Rext = 1,94 Q (1,92 Q) Rext= 1,94 Q (1,92 Q)
1 1 1 R, R,
= + — R=——=
Re R, R, PR, +R,
T_1,. 1, 104 2 28R,
194 56 R, 56+R,
R2=297Q (2,92 Q) R2=297Q (2,92 Q)
1 1
X= 5(2,97)\/ X= 5(2,97)/
=1,490v (1,46-149Q) =149Qv (1,46-149Q)
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OPTION 3 OPTION 4

E=I(R+r) v E=IR+r) Vv

13=4(Rext+1.31)‘/ 13=4(Rext+1,31)‘/

Rext= 1,94 Q (1,92 Q) Rext = 1,94 Q (1,92 Q)

R I _RiR,

R. R, R, P"R,+R,
1 1 1 (58)(2X) v

il by 194="56 +2x,

194 = 56 2X 8+2Xy

2X = 2970 (2,92 Q) (1,94)(5,6 + 2X) = 11,2 X
1 v X=1490Qv

X=2(2,97) 5)
=149 Qv (1,46 1,49 Q) [19]

QUESTION 17

17.1 (Maximum) energy provided (work done) by a battery per coulomb/unit charge passing through it. v'v/

OR Work done by the battery to move a unit coulomb of charge in the circuit.
17.2  Energy (per coulomb of charge) is converted to heat in the battery due to the internal resistance. v'v"'  (2)

17.3.1
74
=— v
TR,
v

17.3.2

(2)

R, =9,3750
Rext=9,375+4 v = 13,38 Qv
(13,375 Q)

OPTION 2

_ RiRy
PR, +R,
_@5as
P 25+15
Rp =9,375Q
Rext=9,375+4 v=13,38Q v
(13,375 Q)

17.3.3

OPTION 1
E=I(R+r) v
=3(13,38 + 0,5) v

=41,64V v  (Range: 41,625 —41,64)

OPTION 2
€ =Vexy+ Vint v
= (3)(13,38) + 1,5 v

=4164V v  (Range: 41,625 —41,64)

@)
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17.4 Yesl ‘/
For the same voltage/potential difference, v/
a larger current will flow through a smaller resistor (I = g) 4
OR
Ia%/,v=constant~/
| is inversely proportional to R and V is constant.
OR
Vi=IR
=(3)(9,38)
=28,14V
I —V—28'14—113A\/
r=p=—s =1
| —V—28'14—188A\/
TR 15 7
OR
V is the same v
I 25 I
150 = 7o
40
I = 151 Y
250 — 40
(3)
17.5  Remains the same. (1)
[18]
ELECTRICAL MACHINES
QUESTION 1
1.1 Electromagnetic induction v (1)
1.2 Rotate coil faster./Increase number of coils./Increase the strength of the magnetic field. v/ (1)
1.3 Slip rings v/ (1)
14 The AC potential difference/voltage v that produces the same amount of electrical energy as an

equivalent DC potential difference/voltage. v

Vimax , _ 33945

()

1.5 Vims = V' U Vims = 240,03V Vv (3)
S \/E ,\/E S
[8]
QUESTION 2
211 OPTION 1 OPTION 2
V2 _ Vmax _ ﬂ‘/_
Pave = Eﬂ_s v Vrms - \/5 - \/5 = 240,04
340 V2
(f)2 v Pae = I;“S v
100 v' = R v )
R=578Q v 100 v = (24004 R=578Qv
R (5)
2.1.2 OPTION 1 OPTION 2
Pave = IrmsVims v/ Vims = ImsR v
100=1ms 220 v ilme=0417Av | 320 _ | (578) v ilms=0417 AV
J2 J2 (3)
2.2 Can be stepped up or down. / Can be transmitted with less power loss. v’ (1)
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QUESTION 3
3.1.1  Anticlockwise v’
3.1.2 +100 A
E |
c<s I
o~ |
E <:>) 0,1 t(S)
<
2
S -100
Criteria for graph:
Two full cycles with correct shape. v
Showing the maximum voltage. v
Showing the time 0,1s for two cycles. | ¥
3.1.3 Decrease the frequency/ speed of rotation v'(1)
3.2 Pave = VimsIrms v, 1500= (220)(|rm§) Vo lrms = 6,82 A
[ .
I :% Vo =2 (6,82) v =9,65A
QUESTION 4
4.1.1  Move the bar magnet very quicklyv'v" OR up and down inside the coil.
4.1.2 Electromagnetic induction v’
4.1.3 Commutator v
4.2.1 OPTION 1
2 ¥ V2 2 v
p,, = Jms (220)~ W= Vms ap o (220° 5
R 40,33 R 4033 v
=1200,10W (J-s") v =1200,10J v
OPTION 2
Vv 220 Vv 220
[ =—2v= v =545A [ =—08 227 /=
rms R 40133 ’ ms R 40,33 5,45 A
Pae =limsR = (545)°40,33 v/ W =12, RAt = (5,45)%(40,33)(1) v
=1197,9W /1 200,10 W v =1197,9J/1200,10J v
422 OPTION 1 OPTION 2
_ Vmax Pave = VimsIms v/
rms = 1200,1 = (220)Irms‘/
\/E Ims= 5,455 A
V,
220 = = Tmax = V2 (5,455)
=771 AV (7,715A)
Vmax= 311,13V
Imax = _Vmax
R
OR
Vol
Pave — ma; max
311131
12001 = — % " Inx=7,71A

2
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OPTION 3 OPTION 4
Pave = |r2msR 4 Vims = ImsR v/
1200,1 = I’ms(40,33) v 220 = Iims(40,33) v
ltms = 5,455 A

rms = 5,455 A

lmex = V2 lms =2 (5,455)= 7,71 A v Imax = V2 lms =2 (5,455)=7,71 A v

QUESTION 5
5.1.1  North pole v
512 QtoPVv

5.2.1 OPTION 1 OPTION 2
I 8 V V
Ims = & v = V= 5,66 A Vims = —0&X v ', 220 = —0& v
V2 J2 V2 J2
Vims = ImsR v S Vmax = 311,12V
220 = 5,66R 4 Vmax = ImaxR v/
S.R=3887QV 311,12=8R ¥
..R=3889Q Vv
522 | OPTION 1 OPTION 2 OPTION 3
Pave = VrmsIrms v Pave = | 2 RV V2 2
= (220)(5,66) ¥ R y Poe =~ = (2200
=12452 W = (5,66)%(38,87) R 38,87
’ =124522 W =124518 W
At P=—V P=— v
At At
124522 = W v W
7200 1245,22= — v 124522= —— v
W= 8965584 Jv 7200 ’ 7200
W= 8965584 J v W= 8965584 Jv

QUESTION 6

6.1.1atob v

6.1.2 Fleming's left hand rule /Left hand motor rule v/
6.1.3 Split rings /commutator v/

6.2.1 Mechanical/Kinetic energy to electrical energy v'v/

6.2.2 OPTION 1 OPTION 2
V 430 Vmax = ImaxR v/
Vime = — o= Y =~ Y = 30406V 430 = Inex(400)
Imax = 1,075
v 304,06
l=—v= v =076 AV Irms=1fms/:1’oj‘/:o76A‘/
R~ 400 2 2 '
OPTION 3 OPTION 4
V V
Vims = —/22% V' = ﬂ\/ =304,06 V Vims = —/22% v/ = ﬂ\/ = 304,06 V
V2 J2 V2 J2
V2 2 V2 2
Pae =5~ = (30:6%6) =231,13W Pawe =5~ = (30:6%6) =231,13 W
Pave = lrmsVims v Pave = 12msR v
231 ,13 = |rms(304,06) o Irms = 0,76 AV 231 ,13 = |2rms (400) 4 . ms = 0,76 AV
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QUESTION 7
7.1.1 DC-generator v’
Uses split ring/commutator v/ (2)
7.1.2 4 OR 4
S S .
1= = time (s)
() ()
© ©
8 8
=} =}
© ©
c £
- o v
Time (s) Curve starts at zero to first peak. v’
Shape and one complete DC cycle. v’
(2)
7.21 OPTION 1 OPTION 2
\Y/ 340 \V/ 340
V. o=-Mmax = —— =240,416 V VvV _ o=-—max =
rms \/E \/E rms \/5 \/E
Pave = Vrmslms v/ Pave = Vrmslms v/
800 = Ims (240,416) v
Irms = 3:2; AV 800 = 3\750 Trms v/ SoIms =3,33AV
OPTION 3 OPTION 4
P _ Vr?ns _ Vr?]ax Pave = Ir2ms RV
awe — -
R 2R 800 =12, (72,25) v
340)? o= v
800 = ¢ 3 .. R=72250 Trms = 3,33 A
(2)°R
Vims = ImsR v
Irms = M‘/ =3,33AV
72,25 (3)
722 OPTION 1 OPTION 2
For the kettle: Vimax!max
Pave = VimsIrms v Pave = Vimslms v = T
340 .
2000 = —1I,,s v . Ims=8,32A 40
J2 2800= — lpax v .+ Imax = 16,47 A
2
Ttot = (8,32 + 3,33) v I 16,47
=11,65A‘/ Irms = W& = v ", Irms=11,65A‘/
2 2 (4)
[11]
QUESTION 8
8.1.1  R: armature/coil(s) v’
T: Carbon brushes v
X: Slip rings v’ (3)
8.1.2 Faraday's Law v/ )
821 115V Vv )
8.2.2 OPTION 1 OPTION 2
Vims = ImsR v _ Vmax
15 rms \/E
Irms = 4_5 \/_
Vmax = (15) 2v v
= v'any one a any one
0’1333A y =21,213V
Irms = _max Vmax = Imax R
V2 21213, .,
Inax =(0,333) V2 v'= 0,47 A v/ lnx= 45 )
[9]
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QUESTION 9
9.1 Slip rings v/
9.2
Marking criteria
- Sine graph starts from 0. v
2 0 > Two complete waves (between to and t2) | v/
] v \/ -
9.3 Any TWO:
Increase the speed of rotation. v/
Increase the number of coils (turns). v/
Use stronger magnets.
9.4 The AC potential difference/voltage v that produces the same amount of electrical energy as an
equivalent DC potential difference/voltage. v/
9.5 OPTION 1 OPTION 2
Pave = lrmsVims v/ V2 2402
1500 = lrmsiwgk(240) v/ Pave= —v .. 1500 = S R=3840Q
R
Irms = @ =6,25AV \Y 240
™ 240 ’ Ims = —= ——v = 6,25 AV
R 384
QUESTION 10
10.1.1 Mechanical to electrical v
10.1.2 A A
E EA c A,
2 B D OR 3 : . t(s)
[0 . 9 | 1
o ' 1 Q 1
] ! ! ) . i
© : ! -g ! 1
£ ! ! £ l !
| a > B b
A c A t(s)
Criteria for graph
Correct DC shape, starting from zero v
Positions ABCDA correctly indicated on the graph v
10.2.1 205Q Vv
10.2.2 | OPTION1
V
e = ~MSY2 25 V' 4 55 (1.2195) A
R 20,5
Pave = Ims? R Pave = Iims?2 RV’ W = IZms RAt
=(1,22)%(0,5) =(1,22)%(20) v =(1,22)* (0,5)(1)
=0,74 W =29, 77T W Vv =0,74J
2 2 OR 2
Pave _ Vrms \/: @\/ 20 v P _ Vrms v — (25)2 v
R 20,5 Vims device = —— X 25 ae R 20,5
= 30,49 W S = 30,49 W
Actual energy delivered per =24,39V Actual energy delivered per
second(power) = (30,49— 0,74) Pave = Vimslms v/ second(power)
=29,75W v =(24,39)(1,22) = (30,49 — 0,74) = 29,75 Wv’
=29,76 W v
OPTION 2
2 V., A £
Vms device = —0X25 v = 24,39 \Y Pave =_Mms __ (24,39) = 29,74 W v
205 R 20V
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QUESTION 11
11.1.1 ANY THREE

Permanent magnets; coils (armature); commutator; brushes; power supply/battery

11.2.1 The AC potential difference/voltage v that produces the same amount of electrical energy as an
equivalent DC potential difference/voltage. v

11.2.2 | OPTION 1

OPTION 2

QUESTION 12
12.1.1 Split ring/commutator v
12.1.2 Anticlockwise v'v/

12.1.3 Electrical energy v'to mechanical (kinetic) energy v
12.2.1 DC generator: split ring/commutator and AC generator has slip rings v/

1222 , = Vimax v/ = 320 v =22627V v
™= 2 2
12.2.3 Imax — Vmax = 320 v = 9,14 A
R 35

QUESTION 13
13.1.1 Yto/lnaXVv

13.1.2 Faraday’s Law Electromagnetic Induction v/

max v'= 914 v =646 AV
J2 J2

OR Electromagnetic induction/Faraday's Law v/
13.1.3 Mechanical (kinetic) energy v'to electrical energy v’

Vrms/wgk = 240,42 Vv

13.2.1 340V v
1822V, =~ Vosimws = 340 ¢
rms/wg
2 V2
1323 | OPTION 1
2
P _ Vimsruge

ave /gemid

1600= (240,42 , " 'R=3613QY
R

OPTION 2
2 Vzmaxlmaks
P = VrmS/ng \/: 2 _ Vzmax/maks
ave /gemid R R 2R
S 1600 = (3407 v 'R =36,13Q v
2R

QUESTION 14

141  Sliprings v

14.2 Bv

14.3 \V/ ok = Vmax/maks v = ﬁ v = 220,62 Vv
rms/wg \/E \/5

14.4.1 | OPTION 1
P

aver /gemid — R

40

2
_ Vimsiusk = (220628 v = 1216,83 W v/

Terms, definitions, questions & answers

FS / January 2021

(©)
()

(4)
[l

(1)
(2)
(1)
@)
(4)
[13]
(1)
(1)

(2)
(1)

©)

(3)
[11]

(1)
(1)

@)

© Free State Department of Education



Physitarsaishlespigrhydidspen 15 tanmorephsisics.com FS / January 2021

OPTION 2
I - Vrms/wgk
R v any one
_ (220,62)
40
=5,515
Pave = 1Z2msR
= (5,515)2(40) v
=1216,61W v
OR
Pave = Vimslrms = (220,62)(5,515) v = 1216,72 Wv
14.4.2 | OPTION 1 OPTION 2
\V Pave = Vimslms
Imax = —nexmaks v/ 1216.83 = 220.62 lms
R Ims = 5,515 A v Any one
= ﬂ\/\/ |rms = Imax/maks
40 2
=7,8AY |
5,515 = maimaks v/ 5 e =7,8 AV
V2
QUESTION 15
15.1.1 DCV

15.1.2 Emfis induced as a result of the rate of change of magnetic flux linked v'v" with the coil.
15.1.3 A

OR

time (s)'

time (s)

Marking criteria for graph:
Correct shape and one cycle. | v
Loops of equal height. v

Output voltage (V)

Output voltage (V)

15.2.1 The AC potential difference/voltage v that produces the same amount of electrical energy as an

equivalent DC potential difference/voltage. v/

15.2.2 | OPTION 1 OPTION 2 OPTION 3
V2 W=PPRAtY P_=RRv
= ﬁAt‘/ 500 = 12 (200)(10) ™
[=1lms=0,5A ﬁ = 1%ms (200)
500 = "
200 200 0) Pave - Vrmslrms lrms = 0,5 A
V = Vime = 100 V E:%O = Vrms(0,5)'/ POOZ VrmslrmS
Vrms - 100 V 5 VFmS(O 5) v Vrms = 100 V

Vims = Vinax v~ 100 = Vinas von Vmax=141,42 VY

2 2

(5)
[12]
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QUESTION 16
16.1.1 (DC) motor v/

16.1.2 Electrical to mechanical/kinetic (energy).

16.1.3 Split ring/commutator
16.1.4 Anticlockwise

16.2.1 The AC voltage/potential difference which dissipates the same amount of energy/heat/power as an

equivalent DC voltage/potential difference. v'v/

16.2.2 | OPTION 1 OPTION 2 OPTION 3
Vr?ms \/ Pave = l/1""1.517""’1.5 ‘/ Pave = Vrmslrms ‘/
Pre = R 200 = I,.,,5(220) 200 = I,,5(220)
200 = 2202 , Lims = 0,909 A Lims = 0,909 A
R =2420Q v R = VTmS Pave = IrgmsR
" s 200 = (0,909)?R v/
_ 220 v R=1242QV
~ 0,909
=242Q0V
16.2.3 | OPTION 1 OPTION 5 _ 2
—ZA V2 Pave IrmsR
w4, Py, =S 92,975 = 12,,,(242)
R R Loms = 0,6198 4
_ (1502)(10x60) v/ _ 1507 W = I?RAt v
242 v 242 = (0,6198)%(242)(10)(60) v/
= 5578512 v =92975W =55778,88) v
OPTION 2 OPTION 3 OPTION 4
Vr%ns Vs Vims
Ppe = =2 v R=17=Y R=7—="
™ms rms
15072 150 150
= v 242 = v 242 = v
242 rms rms
=92975W Lms = 0,620 A Lms = 0,620 A 7
(P = [ v Prve = LemsVims 7 W = I2RAt v/
At = (0,62)(150) = (0,62)%(242)(10)(60) v/
92,975 = w_ ., =9297 W =55814,88J v/
(10)(60) (55 785,12 — 55 896 J)
W =55785,12] v w v OR/OF
~ At W = VIAt
= (150)(0,62)(600)
=— Vv
92975 = 10y 60) = 55800 J
W =5578512] v
OPTICAL PHENOMENA AND PROPERTIES OF MATERIALS
QUESTION 1
1.1 The minimum frequency of light needed to emit electrons v* from the surface of a metal. v

12 E = Wo + Ek(max)
E=W. +1mv%ax
2
c 1
hx = hf, +§mV%aX

(6,63 x10734)(3x 108

A
A=4x10"m Vv
Smaller (less) than v/

-
A w

v'Any one

frequency smaller. v/

Terms, definitions, questions & answers

) /= (6,63 x 1034)(5,548 x 1014)  + %(9,1 1x1073")(5,33x10%)% v/

The wavelength/frequency/energy of the incident light/photon is constant. v/
Since the speed is higher, the kinetic energy is higher v" and the work function / Wo / threshold
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QUESTION 2
2.1 The minimum energy needed to emit an electron v* from (the surface of) a metal. v (2)
2.2
E =Wﬂ +1r'r“"‘l?nsn(
2 Any ONE OF/ENIGE EEN vanv
hS =W, +~my?
.'\. 4] 2 mex
- 2 v
(5-53"10(“](3" 19 (336x10 )+ 232x10 " ¥
A= 350x107 mv (4)
2.3 E=W, +%mvfnax
OR/OF v
C 1
hI =W, +§"Wr2nax
-H 8 v
(663x10 )(3:10 )£(3.65x10'19)+Ek
(350x10°")
E = 203x10" v (4)
2.4.1 Increasing the intensity does not change the energy / frequency / wavelength of the incident photons. v/
OR: The energy of a photon remains unchanged (for the same frequency). (1)
242 Increases v (1)
2.4.3 More photons/packets of energy strike the surface of the metal per unit time. v' Hence more (photo)
electrons ejected per unit time v leading to increased current. (2)
[14]
QUESTION 3
3.1.1  The particle nature of light. v/ (1)
3.1.2 Shorter wavelength means higher photon energy. v/
Photon energy is inversely proportional to wavelength v (E = th ).
For the same metal, kinetic energy is proportional to photon energy. (2)
3.21 OPTION 1 OPTION 2
c 34 8 c=fA .. 3x108= fo(330 X 10'9) 4
Wo=h—v = (663x10 )3 <107y S f0=9,09 x 10 Hz
A 330x10Y W, = hfs v for both equations
= (6,63 x 10-3#)( 9,09 x 107) v’
S Wo=6,03x 101 J v =6,03x10"°J v (4)
3.2.2 OPTION 1
E =W, + Ex
hf = hfo + Ex
v
hf = hfo + Y5 my2 [ ANV One
E = Wo + % mv2
(6,63 x 10-3%)( 11,2 x10"%) v'= (6,03 x 10-"%) v'+ ¥5(9,11 x 103" w2 v .. v=6,5x10°m's'v
OPTION 2
Ek = Eiight — Wo }\/ Any one
= hfignht — hfo
= (6,63 x 10-*4)( 1,2 x10"%) v - 6,03 x 10-1® v/ = 1,926 x 10"'° J (5)
Ex = Yomv? % 1,926 x 1019 =% (9,11 x 1032  +v=6,5x105m's' v [12]
QUESTION 4
4.1 Itis the process whereby electrons are ejected from a metal surface when light of suitable frequency
is incident/shines on it. v'v' (2)
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4.2
1
Graph of Exmax) VSX
s 4
H 5
15
=
S 1 x10°% (m™)
A
Criteria for drawing line of best fit:
ALL points correctly plotted (at least 3 points) vV
Correct line of best fit if all plotted points are used. v

©)

431 OPTION 1

1:1,6><'|06 m!v
A

(Accept 1,6 x 10 m* to 1,7 x 106 m™")

1
fo=co v =(3x10°)(1,6 X 10°) ¥ = 4,8 x 10" Hz ¥

(Accept 4,8 x 10" Hz to 5,1 x 10" Hz)

OPTION 2
By extrapolation: y-intercept = -W,
Wo = hfo v

3,2x 109 = (6,63 x 10-34)fo v/
fo=4,8x10"Hz v

(Accept 4,8 x 10" Hz to 4,83 x 10" Hz)

OPTION 3 (Points from the graph)

hc
E = Wo + Ekmax) -~ T = hfy + Ek(max)‘/

(6,63 x 10-24)(3 x 108)(1,6 x 106) v = (6,63 x 1034)fo + 0 v .. fo=4,8 x 10 Hz v

OR 6,63 x 10-34)(3 x 108)(5 x 108) v = (6,63 x 103)fo + 6,6 x 101 v .. fo = 4,92 x 10 Hz v
OR 6,63 x 10-34)(3 x 108)(3,3 x 108) v = (6,63 x 1034)fo + 3,3 x 101° v .. fo = 4,8 x 10" Hz v/
OR 6,63 x 10-34)(3 x 108)(2,5 x 108) v = (6,63 x 1034)fo + 1,7 x 101° v .. f, = 4,94 x 10™ Hz v
OR 6,63 x 10-34)(3 x 108)(2,2 x 10) v = (6,63 x 103)fo + 0,7 x 101° v .". f, = 5,54 x 10" Hz v 4)

432 |OPTION1
A diont v A 6,6x10719
c=gradientv=—= ——"—"—
AX  (5-16)x10°
= 1,941 x10-25 (J-m)
: -25
h o gradient _ 1941x10 v

c 3x108
=6,47 x1034 J-s v/

OPTION 2
Wo =y intercept (v
=3,2x10"°J

Accept: 3,2 x10'° J to 3,4 x10-19J

W, = hf,

3,2x10 v =h(4,8 x 10™) v

h=6,66x 103 J-sv

Accept: 6,66 x1034 J-s to 7,08 x10-34J-s)
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OPTION 3 (Points from the graph) OPTION 4
hc
=7 = Wy +Eygran) = 32X 1090 ¥+ 6,6 x 1070 w, =" v
A
98x107"° 3,2 x 101 v'= h(3 x 108)(1,6 x 108)v’
= v =6,53x 103 Js v : { X :
(3x108)(5x10°) h= 6,66x103Js v
OR
hC 19 19
o =Wy +Emax) =3,2x 1019 v+ 3,3 x 1019V
65x107"°
= 5 6. Y =657x103%Js v
(3x10%)(3,3x107)
OR
hC 19 19
N =Wy +Egmax) =3,2x 1019 v+ 1,7 x 1019 v/
47x107"°
= 3 6. ¥V =627 x103%Js v
(3x10%)(25x107)
QUESTION 5
5.1 The minimum energy needed to emit electrons v* from the surface of a certain metal. v/
5.2 Frequency/Intensity v/
5.3 The minimum frequency (of a photon/light) needed to emit electrons v* from the surface of a certain
metal. v’
5.4 Ef "':fﬂ +Ex l v Any one/Enige een
0
(6,63 x 103}}( 50 x 10™)v'=(6,63 x 10°}5,001 x 10™) v+ %4(9,11 x 103"W2v
- v=4,67 x 10° ms'v
ORIOF
Ek =Ewpgm—-W
K = hf::r:t hf:q} ¥ Any one/Enige een
= (6,63 x 10%)( 6,50 x 10" - 5,001 x 10™) v
=9,94x 107
Ex =% mvv
J2Ek =J2 (2)9.94 x10% )
9,11x10™
v=467x10°ms' v
5.5 The photocurrent is directly proportional to the intensity of the incident light. v'v’
QUESTION 6
6.1.1 Light has a particle nature. v/
6.1.2 Remains the same. v
For the same colour/ frequency/wavelength the energy of the photons will be the same. v
(The brightness causes more electrons to be released, but they will have the same maximum kinetic
energy.)
OR Maximum kinetic energy of ejected photo-electrons is independent of intensity of radiation.
6.1.3 E=Wo+Ex OR hf=hfo+ Ekx OR hf = hfo + 72 mv? OR E=Wo + % mv?
(663x107**)(3x10%) ,_ (663x1034)(3x10%) 1(911><10 $1)(476x105)2
420x107° Ao 2
5. Ao =5,37x10"m .. the metal is sodium v’
6.2 Qv andS Vv
Emission spectra occur when excited atoms /electrons drop from higher energy levels to lower energy
levels. v'v/ (Characteristic frequencies are emitted.)
QUESTION 7
7.1.1  The minimum frequency of a photon/light needed v' to emit electrons from a certain metal surface. v

7.1.2 Silver v
Threshold frequency / cut-off frequency (of Ag) is higher. vV and W, a fo / Wo = hfs v

Terms, definitions, questions & answers

(2)
©)

© Free State Department of Education



Physitarsaishlespigrhydidspen 15 tanmorephsgsics.com FS / January 2021
7.1.3 Planck’s constant v/ (1)
7.1.4 Sodium v (1)
7.2.1  Energy radiated per second by the blue light = (% )(60 x 10%) v =3 x 103 J-s!
he -34 8
Epnoon = —— v = (883x10 )G A07) -y 535 x 1010y
A 470x107°
-3
Total number of photons incident per second = _3x10°7 o 7,09 x 10”5 v (5)
4232x107"°
7.2.2 7,09 x 10" (electrons per second) v’
OR: Same number as that calculated in Question 7.2.1 above. (1)
[13]
QUESTION 8
8.1 Itis the process whereby electrons are ejected from a metal surface when light of suitable frequency
is incident/shines on that surface. v'v' (2)
8.2 Increase v
Increase in intensity means that for the same frequency the number of photons incident per unit time
increase. v Therefore the number of electrons ejected per unit time increases. v (3)
8.1.3 OPTION 1
E = Wo + Ekmaxy OR hf = hfo + Exmax) OR hf=hfo+%mvZ OR E=W, +¥%mvZv
-34 8
(6,63 x 103 x 5,9 x 10™) v = (6,63 X107L X3><10 )+ 2.9 x 1019
0
-26
39,117 x 1020 — 2,9 x 1010 = 1989xM077 -\ [ 197 x 10¢m v
o
OPTION 2
E =W, + Ekmaxy OR hf=hfo + Exmaxy OR hf=hfo+ % mvZ OR E=W, + % mvZv
((6,63 x 103 x 5,9 x 10'*) v = (6,63 x 1034)fo + 2,9 x 10-1® ", fo =1, 52 x 10" Hz
c=foho .. 3x108=(1,52x10™MAv .. A0o=197x108m v
OPTION 3
E = Wo + Ekmaxy OR hf = hfy + Ekmax) OR hf=hfo+%mvZ OR E=W, +%2mvZv
(6,63x10%x59x10™) v =Wo+29x101 . Wo=1,01x10"°J
Wo=hfo .. 1,01 x10-* = (6,63 x 103)f, .". fo=1, 52 x 10"* Hz
c=foho .. 3x108=(152x10™"Aov .. Ao =197x10m v (5)
8.4 From the photo-electric equation, for a constant work function, v" the energy of the photons is
proportional to the maximum kinetic energy of the photoelectrons. v/ (2)
[12]
QUESTION 9
9.1 The minimum frequency of light v'needed to emit electrons from the surface of a metal. v/ (2)
9.2 The speed remains unchanged. v/ (1)
9.3 OPTION 1
c=fAv

Terms, definitions, questions & answers

S 3x108=1(6x107) v

S f=5x10"Hz v

The value of f is less than the threshold frequency of the metal, v" therefore photoelectric effect
is not observed. v

OPTION 2
For the given metal: Wo = hfo v = (6,63 x 10 -34)(6,8 x 10 ) v' = 4,51 x 10-19J
For the given wavelength:

hc -34 8
Epon= —~ = (68310 Z)B10T) v OR  Epnown = hf =(6,63 x 104)(5 x 10%4) v'v/
6x10°

=3,32 x 1019 J =3,32x1019J
Energy is less than work function v* of metal, therefore photoelectric effect not observed.v’

© Free State Department of Education
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max

1
9.4 E=W,+Emay OR E:W0+%mv2 OR h%:hfo+%mquax OR hf:hfo"’EmVﬁwax

1
(6,63 x 10-34)(7,8 x 10') v = (6,63 x 10-%4)(6,8 x 10™4) v + EmV %ax
Y2 MV2max = 6,63 x 1020J  thus %%(9,11 X 1031) V2max v=6,63 x 102 ", Vmax=3,82x 10° m-s' v (5)

[13]
QUESTION 10
10.1.1 (Line) emission (spectrum) v/ (1)
10.1.2 (Line) absorption (spectrum ) v/ (1)
10.2.1 Emission v (1)
10.2.2 Energy released in the transition from E4 to E2 = E4 — E2
Es—E2=(2,044 x 108 — 1,635 x 10-18) v = 4,09 x 10-'°J
E=hfv .. 4,09x10"=(6,63x103)fv .. f=6,17x 10%Hz v 4)
10.2.3 E =Wos + Ekmaxy OR hf = hfs + Exmax) OR hf=hfo+%mvZ OR E=W, +¥%mv2v
4,09 x 10" v = (6,63 x 10-%4)(4,4 x 10") v + Ekmax) .= Ekmax)=1,17x101°J v
OR
Ex(max) = Elight — Wo } v Any one
= hfight — hfo
= (6,63 x 10-34)( 6,17 x10"4) v'- (6,63 x 10-*4)(4,4 x 10"™) v =1,17 x 1019 J v 4)
10.2.4 No Vv
The threshold frequency is greater than the frequency of the photon. v/
OR: The frequency of the photon is less than the threshold frequency.
OR: Energy of the photon is less than the work function of the metal. (2)
[13]
QUESTION 11
11.1.1 Greater than v
Electrons are ejected from the metal plate. v/ (2)

11.1.2 Increase in intensity implies that, for the same frequency, the number of photons per second increases
(ammeter reading increases), v' but the energy of the photons stays the same. v' Therefore the
statement is incorrect.

OR An increase in energy of photons only increases kinetic energy of the photoelectrons and not the

number of photoelectrons, thus the ammeter reading will not change. (2)
11.1.3 Light has a particle nature. v’ (1)
11.2.1 The minimum frequency needed for the emission of electrons from the surafce of a metal. v'v' (2)

11.2.2 Wo = hf, v
= (6,63 x 10-34)(5,73 x 10™) v
=3,8x10"1°J Vv (3)

11.2.3 E = Wo + Ekmax) OR hf=hfo + Ek(max) OR hf=hfo+%mvZ OR E=W, +¥%mv2v
(6,63 x 10-34)f = 3,8 x 101 + [14(9,11 1031)(4,19 x 105)2] v/

f= 994 x10"Hz v (3)
[13]
QUESTION 12
12.1  The minimum energy needed to eject electrons v from the surface of a certain metal. v/ (2)
12.2  (Maximum) kinetic energy of the ejected electrons v (1)
12.3  Wavelength/Frequency (of light) v (1)
124  Silverv

According to Photoelectric equation, hf = W, + %2 mv?
(For a given constant frequency), as the work function increases the kinetic energy decreases.v’

Silver has the smallest kinetic energyv” and hence the highest work function. (3)
12.5 hf = Wo + ¥2mVZmaxmaks OR hC =W, + Ek(max/maks) v*
A
(663x10*)(3%10°) v = W, + 958 %101 v
2x10®
9,945 x10'8 = W, + 9,58 x 10-18
S Wo=3,65x 1010 v/ (4)

12.6  Remains the same v
Increasing intensity increases number of photons (per unit time), but frequency stays
constant v" and energy of photon is the same. v" Therefore the kinetic energy does not change. (3)
[14]
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QUESTION 13

13.1

The minimum energy needed to eject electrons v* from the surface of a certain metal. v/

13.2  Potassium/K Y
fo for potassium is greater than f, for caesium v/
OR
Work function is directly proportional to threshold frequency v/
13.3 OPTION 1
c=fAv . 3x108= f(5,5 X 10'7) v s f= 5,45 x 104 Hz oo fw <fo of K(potassium)
-.Ammeter in circuit B will not show a reading v/
OPTION 2
E=hc =(663x10%)3x10°) =3,6164 x 10-1° J
A 55x107
Wo = hfo v/ = (6,63 x 10-34)(5,55 x 10"4) v'= 3,68 x 10-19 J
Wo> E or hfo> hf ~The ammeter will not register a current v/
OPTION 3
c =foho v
3x108=(5,55x 10")A v
A =541x10"m
Ao(threshold) < A(incident) .. the ammeter will not register a current v/
13.4 OPTION 1
C c
E =W, +Eqpnag OR  hf =hf, + +mv2,, OR hy =ho— +Exma v
v 2 0
-34 8
(66310 “)(3x107) = (6,63 x 10%4)(5.07 x 10) + Exinan
55x107" p
Ek=2,55x1020J vv (Range: 2,52 x 1020 —-26 x 1020 J)
OPTION 2
1 2 S — c v
E= WO + Ek(max) OR hf = hfo + Ernvmax OR h A hg + Ex(max)
(6,63 x 10-34)(5,45 x 10"4) v'v" = (6,63 x 10-34)(5,07 x 10"*) + Ekmax) v’
Exk=2,52x1020J v (Range: 2,52 x 1020 — 2,6 x 1020 J)
13.5 Remains the same v
QUESTION 14
14.1  The minimum frequency of light needed to eject electrons from a metal surface. v'v/
14.2 OPTION 1/ OPTION 2
c c=M < vBoth
E=hX/ 3 x 108 = f(5 x 107)
a4 . f=6x10"H
_ (663x10*)(3x10°) , E = hi
5x107 = (6,63 x 10-34)(6 x 10"4) v/
=3,98 x 1019 Jv' =3,98 x 10-1° Jv’
14.3 OPTION 1 \
E = Wo + Ekmax
1
hf =W0 + EmV r2nax
v'Any one

Terms, definitions, questions & answers

C
h X =Wo + EK(max/maks)

C
h X = hfo + EK(max/maks))

3,98 x 1019 = (6,63 x 10-34)(5,55 x10") + Ek(max) v’
EK(max) = 3,0 x1 020y v
EK(max >0 v

(The electrons emitted from the metal plate have kinetic energy to move between the plates,

hence the ammeter registers a reading.)

FS / January 2021
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®)
(1)
[13]

© Free State Department of Education



Physitacsaishlespigrhydidspen 15 tanmorephsgsics.com FS / January 2021

OPTION 2

Wo = hfo v/ = (6,63 x 10-*4)(5,55 x10™) v = 3,68 x 10-'° J

Ephoton > Wo v

(The energy of the incident photon is greater than the work function of potassium. From the
equation hf = Wo + Exmax, the ejected photoelectrons will move between the plates, v hence the
ammeter registers a reading.) (4)
14.4 The increase in intensity increases the number of photons per second.v

Since each photon releases one electron v' the number of ejected electrons per second increases.v’ (3)

[12]
QUESTION 15
15.1  The process whereby electrons are ejected from a metal surface v" when light of suitable frequency
is incident/shines on the surface. v/ (2)
152 7,48x1019(J) v
E =W, + Ekmax (= W, + YamVZmax) v/
When Ex=0, E =W,v (3)
15.3  Mass (of photo-electron) v/ (1)
15.4 OPTION 1
Gradient = ¥am v/ ,
-19 -19
11,98x10 -7,4&?/x10 = 14911 x 1031) v
X-0
X=0,9868 v (0,99 or 9,87)
OPTION 2
E= WO + YomvV2max v/
11,98 x 1019v = 7,48 x 10-19v" + ¥5(9,11 x 103") v2v' [or ¥2(9,11 x 10-31)X]
4,5 x 1019 = 4,56 x 1031v2
v2=0,9868 x 1012
X=0,9868 v (0,99) (5)
15.5.1 Remains the same v’ )
15.5.2 Increases v’ )
[13]
QUESTION 16
16.1  Photoelectric effect v/ )]
16.2  Work function (of potassium) v/ (1)

16.3  Potassium v It has the lowest work function / threshold frequency / highest threshold wavelength. v (2)
16.4  The work function of a metal is the minimum energy that an electron (in the metal) needs v' to be
emitted/ejected from the metal / surface. v’ (2)

16.5.1 Wo= hfs v/

= (6,63 x 10-34)(1,75 x 10"%) v

= 1,160 x 1018 J v
OR/OF
E = Wo + Ekmax) v Any one
hf =W, + Ek(max)
(6,63 x 10-34)(1,75 x 10"%) =Wo + 0 v
Wo = 1,160 x 108 J v/

@)

16.5.2
E=Wo + Exmax) }s/Any one/
hf = hfo + 1/vazmax

(6,63 x 1034)f v/ = 1,160 x 108 + %5(9,11 x 10-3") (5,60 x 105)2 v
s =197 x10%Hz v (4)

[13]
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