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INSTRUCTIONS AND INFORMATION TO CANDIDATES

1. Write your name on the ANSWER BOOK.

2. This question papér consists of SEVEN questions. Answer ALL the questions in the
ANSWER BOOK.

3. Start EACH question on a NEW page in the ANSWER BOOK.
4. Number the answers correctly according to the numbering system used in this question paper.

5. Leave ONE line between two subsections, for example between QUESTION
2.1 and QUESTION 2.2.

6. You may use a non-programmable calculator.
7. You may use appropriate mathematical instruments.

8. You are advised to use the attached DATA SHEET.
9. Show ALL formulae and substitutions in ALL calculations.

10. Round off your final numerical answers to a minimum of TWO decimal places.

11. Give brief motivations, discussions, et cetera where required.
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QUESTION 1

Four options are provided as possible answers to the following questions. Each question
has only ONE correct answer. Write only the letter (A - D) next to the question number
(1.1 — 1.7) in the ANSWER BOOK, for example 1.8E

1.1 Which of the following pairs of physical quantities are BOTH vectors?
A Displacement and speed

B  Acceleration and force
C Force and mass
D Distance and electric field (2)

1.2 The resultant of two forces, X and Y acting at a common point O is shown
below. The angle between the two forces is 90°.
O

Which ONE of the following vector diagrams, not drawn to scale, is the
correct representation of the directions of X and Y?

A B « X
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)
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1.3 The diagram below shows the motion of the driver of a car when he stops
the car suddenly. The driver is wearing a seat belt.

When the brakes are applied, the driver moves forward, but is restricted by
the seat belt.

How does the force that the driver exerts on the seatbelt compare to the
force that the seatbelt exerts on the driver?

Greater than and in the same direction.

Greater than and in the opposite direction.

Equal to and in the same direction.

Equal to and in the opposite direction. (2)

o0 >

1.4 The diagram below shows a car covering equal displacements in equal
time intervals.

Which ONE of the following statements is true for the motion of the car?

A
B
C
D

The car speeds up uniformly.

The car slows down uniformly.

The car is travelling at constant velocity.

A net force acts on the car in the forward direction. (2)

Copyright Reserved Please Turn Over




Physical skRl¥p/oaded from Stanmorephysics.com  march common Test 2024
NSC
1.5 A body of mass mis in a state of weightlessness. Which ONE of the

following statements concerning the weight and inertia of the body is

TRUE?

A  The body has weight and experiences inertia.

B  The body has no weight and does not experience inertia.

C The body has weight and does not experience inertia.

D  The body has no weight and experiences inertia. (2)

1.6 The electrostatic force that two charged spheres exert on each other is F
when they are placed a distance r metres apart. The charge on each
sphere is now tripled and the distance between them is % r. The force that
the spheres exert on each other will now be ...

A 9F
B 18F
C 27F
D 36F (2)

1.7 A test charge is placed at point P in an electric field generated by a point
charge. The magnitude of the electric field at point P is given by:

A The ratio of the force experienced by the test charge to the
magnitude of the test charge.
B  The product of the force experienced by the‘~test charge and the
magnitude of the test charge.
C The ratio of the force experienced by the test charge to the
magnitude of the point charge.
D The product of the force experienced by the test charge and the
magnitude of the point charge. (2)
[14]
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QUESTION 2

Four forces A, B, C and D of magnitudes 45 N ,50 N, 22 N and 30 N respectively, act on
a point O in the directions shown below. The forces are NOT drawn to scale.

<
»>

A=45N

R

D=30N B=50N X
« - € > -~ .
i
i
C=22N i
i
2.1 Define the term resultant vector. (2)
2.2 Calculate:
2.2.1 the vector sum of the HORIZONTAL components of the forces. (2)
2.2.2 the vector sum of the VERTICAL components of the forces. (2)

2.3 Using your answers to questions 2.2.1 and 2.2.2 above, draw a labelled
vector diagram. Show the resultant force on this diagram. (Do not draw to
scale) (3)

2.4 Calculate the magnitude and direction of the resultant force acting at point 0. (5)
[14]
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QUESTION 3

A light, inextensible rope is attached to a vertical wall at point X.
A block of mass 2,1 kg is attached to the other end of the rope. The rope is pulled
to the left by a horizontal force F of magnitude 28 N, applied at point Y, as shown
in the diagram below. The rope makes an angle 8 with the wall.

F=28N

3.1 Draw a closed vector diagram to show ALL the forces acting at point Y.

Include at least one angle in your diagram. 4)

3.2 Calculate:
3.2.1 the tension in the rope (3)
3.2.2 angle © (2)
[9]
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QUESTION 4

A Physical Sciences class sets up an experiment to investigate Newton’s Second
Law of motion. They set up the apparatus as shown below.

Trolley loaded Ticker  Ticker
with mass pieces timer  tape

£

100 g

|

Hanging mass|

The net force acting on the trolley was increased by transferring mass pieces from the
trolley to the hanging mass.
The experiment was done five times, and the data collected is shown below.

‘Readings | Hanging mass(g) | Net Force(N) | Acceleration(ms-2)

1 100 0.98 0,5

2 200 1.96 1,0

3 300 2.94 1,5

4 400 3.92 2,0

B 500 X Y
4.1  State Newtons Second Law of motion in words. (2)
4,2  Write down an investigative question for this experiment. (2)
4.3  State one variable that should be kept constant during the experiment. (1)
4.4  Write down the numerical values of X and Y given in the table. (2)
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4.5 The track along which the trolley moves is CORRECTLY inclined to
compensate for friction. If the track makes an angle of 8° with the horizontal,
calculate the coefficient of kinetic friction for the surface. (4)

4.6  The graph below was plotted using the data from the table.
Title

20 /
oy /
NI

<

ACCELERATION (m-s?)

1,0
0,5
0 0,98 1,96 2,94 3,92 X
NET FORCE (N)
4.6.1 Calculate the gradient of the graph. (3)
4.6.2 What quantity does the gradient of the graph represent? (2)
4.6.3 Calculate the mass of the system. (2)
[18]
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QUESTION 5

5.1  Abox of mass 100 kg is at rest on a rough horizontal surface. When a force
of magnitude F is applied to the box at an angle of 15° to the horizontal, as

shown in the diagram below, the box moves to the right at CONSTANT
VELOCITY.

100 kg

The co-efficient of kinetic friction between the box and the surface is 0,5.

5.1.1 Show that the magnitude of the normal force acting on the box is

given by 980 - 0,259 F. (2)
5.1.2 Calculate the magnitude of the frictional force acting on the box in

terms of F. (2)
5.1.3 Hence calculate the magnitude of F. (3)

5.1.4 How will the magnitude of the frictional force change if the size of the
angle is doubled?
Choose from INCREASES, DECREASES OR REMAINS THE

SAME. (1)
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5.2 A crane lifts two blocks of masses of 150 kg and 200 kg as shown in the
diagram below. The 150 kg block accelerates upwards at 0,75 m-s=.

5.3

Copyright Reserved

5.2.1

5.3.1

5.3.2

5.3.3

Q

T4

T2

300 kg

a=0,75 m-s?

Draw a labelled free body diagram to show all the forces acting on the

150 kg block. (3)
5.2.2 Calculate the magnitude of the tension T. (5)
An object falling freely near the surface of planet Mars experiences a
gravitational acceleration of 3,8 m-s2. The mass of Mars is 6,4 x 102 kg.
State Newton’s law of universal gravitation in words. (2)
Calculate the radius of Mars. (4)
What is the weight of the object on Earth’s surface if it has a mass of
4
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QUESTION 6

Three point charges, Q1, Q2 and Qs are placed in a vacuum.

The charges on Q1, Q2 and Qs are +6 pC, -3p C and +4 uC respectively. The spheres
are arranged so that Q1 and Q2 are 30 cm apart, and Qs is 23 cm away from Q2 as
shown in the diagram. The line joining Q1 and Q2 is perpendicular to the line joining Q2
and Qa.

01’\ +6uC

30 cm

Q2 ¥< 23 cm >e Q3
-3uC +4uC

6.1 State Coulombs Law of Electrostatics in words. (2)

6.2 Draw a FORCE diagram showing the electrostatic forces exerted by charges

Q1 and Qs on Q. 2

6.3 Calculate the magnitude of the net electrostatic force exerted on charge Q2
by charges Q1 and Qa. ®)
[9]
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QUESTION 7

Two point charges Q4 and Q2 are placed 1 m apart. The magnitude of Q4 is +20 nC
and is placed 0,6 m from point X as shown in the diagram below.

Q1
+20 nC X Q:
e o $
e >€-mmmmmmmmmmmmme- 2
74 DESCRIBE an @mv}eld (2)
7.2 If the net electric field at point X is 1300 N-C-' to the right, determine the
MAGNITUDE and SIGN of the charge on Q2. (5)
7.3 Charge Q1 is now removed. Draw the electric field pattern for Q2. (2)
7.4 Calculate the magnitude of the net electrostatic force that an electron would
experience if it is placed at point X. (3)
[12]
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DATA SHEET

TABLE 1: PHYSICAL CONSTANTS

March Common Test 2024

NAME SYMBOL VALUE
Acceleration due to gravity g 9.8 m-s?
Universal gravitational constant G 6,67 x 10" N-m2-kg?
Radius of the Earth R, 6.4x10 ®m
Mass of the Earth M, 5,98 x 10% kg
Charge on the electron e -1,6 x101°C

TABLE 2: FORMULAE

MOTION
V§ =Vj +aAt Ox =v, At +1aAt? or Ay =v,At +1aAt?
V, +V
sz = Vlz + 2aAx or sz = V|2 +2aAy Ax =[%Jm or Ay =(VI—-|2.V'L]N
FORCE
Fret =ma p=mv
™ =pN « =HN
F, At=Ap
Ap=my, - my, w=mg
m,m m,m M M
F=G (‘jzz or F=G ;22 9=G5z o 9=G5
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QUESTION ONE
11 B vV
12 B vV
13 D VvV
14 C VvV
15 A VvV
16 DvV
1.7 AVY

7x2= [14]
QUESTION TWO

2.1 Itis a single vector that can represent a number of vectors acting on an
object in both magnitude and direction. v'v* (2 or 0) (2)

2.2.1 OPTION 1: Rx = (-30) +(50) + (-22c0855°)+(45 cos70°) v'= 22,772 NV

OPTION 3 : X Rx = 50c0s0°+30 c0s180° + (45c0s70%)+22c0s235° v =
22 772N v (2)

2.22 OPTION1: XRy=45sin70°+ (- 22sin55%) v'= 24,265 N v
OPTION 2; TRy = (45 cos 20°) +(— 22c0s35%) v'= 24,265 NV’

OPTION 3: XRy=45sin 70° + 22 sin 235° v'= 24,265 Nv’ (2)
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2.3 Positive marking from Question 2.2

A !
FNFT :
> Ry=24,265N| v 5
[S) v >
2.3 X Rx=22,772 N
Marking Rubric : Force diagram
Criteria Mark allocation
Force 2 Rxdrawn correctly 1 mark
Force 2 Ry drawn correctly 1 mark
Resultant force drawn 1 mark 3)
correctly

RNeT? = Rx? + Ry?
2.4 = (22.772)% v+ (24,265)2
Rner = 33,28 NV

22,772 (5)
© =46,82°v (North of East) OR at a bearing of 43,18°
[14]
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QUESTION 3

OR
W/Fg

F/ 28N

Marking Rubric : Force diagram

Criteria Mark allocation
Three forces drawn correctly 3 x 1 mark
and labelled.
At least one angle correctly 1 mark
drawn (4)
3.2.1 Fx?=(28)*v + (20,58)*v
=34,7 NV (3)
322 he=-28y
20,58 (2)
© =53,68%
[9]
QUESTION 4
4.1 If anon zero resultant force acts on an object at rest, the object accelerates
in the direction of the resultant force, this acceleration is directly proportional
to the force v'and inversely proportional to the mass of the object.v’ (2)

4.2  What is the relationship between the acceleration of the trolley and the net
forced exerted on it? v'v/

4.3  The mass of the system, the gradient of the track, the frequency of the timer,
The friction experienced by the trolley along the track. (Accept any one) v’ (1)

44 X:49NV
Y:2,5ms?v (2)

(2)
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45  Fgr = f
mg sin@ v = ux mg cos8v’
_ sinf i sin8°/

cosf cos8°
Pk = 0,14V
4.6.1 Gradient/m =22
AFnet
_1,5-0V
T 2,94—0v
=0,51v(kg?)

4.6.2 Inverse of massv' v’

4.6.3 Positive marking from question 4.6.1
1 =051V
m
m = 1,96 kgv’

QUESTION 5

5.1
511 Fn + Fsin = Fy } p—
Fn = Fg - FsinB
= 100(9,8) - Fsin15°v'
980 - 0,259 F

512 fk=pFnY
=0,5(980 - 0,259F)
fu=+490 - 0,129Fv

5.1.3 Fcos15% +(-fi) =0

v
Fcos15° = fk el
0,966 F = 490 - 0,129F v
F= 447,49 NV

5.1.3 Decreasesv

Copyright reserved
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(4)

(or any other set of values from the graph)

3)
(2)

(2)
[18]

(2)

(2)

(3)
1)
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h.2.1

522

5.2.2

P

5.3.2

NSC
2iliy T v
v
T2 LA
3)
150 kg 300 kg
F'Nel = Mma } ‘/ any One FNel = mMa
T1+(-T2) +(-W1skg)= ma T2 + (— 300 x9,8) = 300(0,75)
v
T1+(-3165) +[-(150x9,8)] v' = 150(0,75) v’ T>=3165N (5)
T1i=47475N
OR
150 kg 200 kg
FNel =Mma } ‘/ any One FNel = Mma
T1+(=T2) +(—=Wiskg)= ma T2 + (= 200 x9,8) = 200(0,75)
v
T1+(=2110) +(—(150%9,8)) ¥ = 150(0,75) v’ T2=2110N (5)
T1=3692,5N
Every body in the universe attracts every other body with a gravitational

force that is directly proportional to the product of their massesv” and

inversely proportional to the square of the distance between their centres. v/
(Marks must only be awarded if the definition is in context with the

gravitational law) (2)

a:c—m/
i
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6,67 x 1071 . 6,4 x 10%3 v

38v = =

r =3,35x10° mv

5.3.3 W=mg
=(6,45x9,8) v
=63,21 kgv

Copyright reserved
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(4)

(@)
[24]
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QUESTION 6

6.1  The magnitude of the electrostatic force exerted by one point charge (Q1) on
another point charge (Qz ) isidirectbgaroportional to the product of the

magnitudes of the chargBe ¥ & irsely proportional to the square of the
distance (r) between them ¥

(2)

>
6.2 A
Z
o
LL
Fos v g “
6.3  Fqs3-q2 Foi-q2
ki
E= 01202 v F=- kQ4Q,
r r2
9 -6 =6
_SACEX 0@ 10T gut0?(6x109@ X107 . o
(0,23) = 0,3)? o
= 2,04 N
Fner? = (FQs)? +( FQ1)?
= (2,04)2 + (1,8)2V
FneT=2,72 NV ©)

[4]
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QUESTION 7

7.1 Ele%g fll i

experience

7.8 hQ i

— 9x10° (20x10%)
(0,6)2
= 500N.C!

Ener = Eqgu/t Eq2
1300 = 500 + Eg2v
Eq2 =800 N-C*

kQ
E=—

r
%10 xQ,
800 ST v

Q2 =142 x10%C negative v

I3 Positive marking from question 7.2

aregion (in space)v” where (in which) an (electric) charge

(2)

(5)

e Correct patternv’
e Arrow directionv’

74 F=qeEV
= (1,6 x 10%)(1300) v
= 2,08 x 1016 Nv’

TOTAL : 100 MARKS
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3)
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