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PHYSICAL SCIENCES: (PHYSICS) P1

PREPARATORY EXAMINATION
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NATIONAL
SENIOR CERTIFICATE

GRADE 12
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INSTRUCTIONS AND INFORMATION TO CANDIDATES

1. Write your name on the ANSWER BOOK.

2. This question paper consists of TEN 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 sub-sections, 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.

12.  Write neatly and legibly.
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QUESTION 1: MULTIPLE- CHOICE QUESTIONS

Four possible options are provided as answers to the following questions. Each question has
only ONE correct answer. Choose the best answer and write down A, B, C or D next to the
question number (1.1-1.10) on your ANSWER BOOK.

1.1  Acarisdriven along a horizontal road at constant velocity. Which one of the
following statements is true?

The forces acting on the car are not in equilibrium.

There are no forces acting on the car.

The resultant force acting on the car is zero.

There is no frictional force acting on the car. (2)

OO w>

1.2  An airbag can protect a driver from serious injury during a collision.
Which ONE of the following best explains why this is possible?

TIME OF IMPACT NET FORCE
A Increases Increases
B Decreases Decreases
C Increases Decreases
D Remain the same Decreases
2
1.3  Anobject is projected vertically upwards from the roof of a building and it hits the
ground some time later. The effects of air resistance are negligible. Up is taken
as the positive direction.
The acceleration-time graph which best represents the vertical motion of the
object from the time it was projected up until it hit the ground is:
(2)
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1.4 A vehicle with mass m is moving horizontally at a constant velocity on a
frictionless path. The kinetic energy of the vehicle is K and the momentum
is p. The velocity of the vehicle can be given as:

K
A —
b
2K
B —_—
b
K
C —
b
[4
D - 2
;. @

1.5 A car sounds its horn whilst travelling at constant velocity along a straight road.
Attime t =0 the car is at position X as shown below. At time t = t, the car moves

past a stationary listener L. Attime t = t, the car is at position Y.

—>

Which ONE of the following graphs best represents the variation of the frequency
(pitch) of the horn with time as heard by the listener?

(2)

Copyright Reserved Please Turn over



Downloaded from Stanmorepﬁysics.com

1.6 Which graph represents the relationship between the magnitude of the electrostatic
force, Fe. between two charged spheres and the distance, r, between the centres of

the spheres?

Fe Fe

L

L
L

(2)

1.7  The figure below shows a 12 V, 21 W lamp. The circuit is protected by a fuse which melts
if the current in the circuit exceeds 2 A.

The current passing through the lamp without melting the fuse is:

A 057A
B 1,75 A
C 105A
D 6 A (2)

1.8  Alamp connected to an AC supply lights up with the same brightness as it does when
connected to an X volt DC source. The power dissipated by the lamp, is equal to ...

A Yo(X)( Imax)-

B (X)(na-
C (x)m
D (X)(lma): @)
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The light from an argon discharge tube is analysed. The following line emission
spectrum shows two of the spectral lines observed.

P Q

lower f higher f

The spectrum of light from a distant star appears to have been red shifted.
How will the lines appear to shift compared to the above diagram?

A P and Q will both shift left

B P and Q will both shift right

C P will shift right and Q will shift left

D P will shift left and Q will shift right (2)

The graph below shows the relationship between the kinetic energy of the
ejected photo-electrons and the frequency of the incident radiation.

K (J)

Fll'

Which set correctly shows the information provided by P, Q, R and S?

R
— P
S Q
A | Planck’s constant, h Threshold frequency, fo Work function, Wy

Threshold frequency,

B Work function, W Ek of electrons when f=0 ¢
0

Threshold frequency,

¢ Work function, Wy Planck’s constant, h
0

Negative of work function, | Threshold frequency,

D | Planck’s constant, h W, fo

(2)
[20]
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QUESTION 2 (Start on a new page)

2.1  Two blocks of different masses are attached to each other via a light inextensible string
which is placed over a massless and frictionless pulley. A block of mass 2 kg is placed
on a smooth surface and attached to the wall by a second string which makes an angle
of 70° to the vertical as shown in the diagram below. A second block of mass 5 kg is left
to hang freely. The entire system is in equilibrium and all forms of friction can be ignored.

2% 5 %
2 kg
2.1.1 State Newton’s Second Law of Motion in words. (2)
2.1.2 Draw a labelled free body diagram for the 2 kg mass. 4)
2.1.3 Determine the magnitude of the tension force T». (2)

2.1.4 Calculate the magnitude of the normal force exerted on the 2 kg mass. 4)

2.2  An astronaut has a mass of 94 kg on Earth. He goes on a space mission to the
moon. On the moon he finds that he has a weight of 152,28 N. The mass of the
moon is 7,348 x 10?% kg. Calculate the gravitational acceleration on the moon.  (3)

[15]
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QUESTION 3 (Start on a new page)
Ball A is thrown vertically upwards from the top of a balcony overlooking the street. It leaves the
thrower’'s hand at a velocity of 5 m-s™* and it hits the street below the balcony. At the same

instant that ball A is thrown, ball B is thrown upwards from the street. Ball B leaves the
thrower’s hand at a velocity of 8 m.s™.

3.1  What is meant by a projectile? (2)
3.2  Calculate the time taken by ball A to reach its maximum height. (3)

3.3 Calculate the velocity of ball B at the moment ball A is at its maximum
height. 3)

3.4  After how many seconds will the magnitudes of the velocities of the two balls
be equal? (5)

3.5 Use your answer in QUESTION 3.4 to determine the height of ball A from its
starting point. (3)

[16]
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QUESTION 4 (Start on a new page)

During a visit to an amusement park, Asisipho and Ziphokazi ride the bumper cars. Asisipho

in her car moves to the left across the smooth surface at 2.4 m.s™ and collides with Ziphokazi’s
car which is at rest. The collision is elastic. After the collision Asisipho continues to move in the
same direction with a velocity of 0.8 m.s™. The combined mass of Asisipho and her car is 340 kg.

After collision Before collision
Y, 0.8 m.s™ Om.s? 2,4m.s*t
«— «— «—
Ziphokazi Asisipho Ziphokazi Asisipho
4.1 Name and state the Principle illustrated above. (3)
4.2 Calculate the combined mass of Ziphokazi and her car. (8)

[11]
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QUESTION 5 (Start on a new page)

A skier, mass 70 kg, is ready to ski. He started from rest at point A (top of slope) and
skied down a slope inclined at 30° to the horizontal. He skied straight from point A to
point B over a distance of 120 m without his ski poles touching the snow as shown in
the diagram below, which is not drawn to scale.

The total kinetic friction between the skis and the slope was 150 N between points
A and B.

5.1 Draw a free-body diagram showing all the forces acting on the skier while he was

moving down the slope. (3)
5.2  Calculate the net work done on the skier as he moved from point A to point B. (5)
5.3 State the WORK-ENERGY THEOREM in words. (2)

5.4  Hence, determine the magnitude of the velocity of the skier at the bottom of the
slope. (4)

[14]
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QUESTION 6 (Start on a new page)
A man standing on the sidewalk notices that the sound of a racing car changes when the car

moves towards him at a constant speed of 200 km.h™* compared to when the car is moving
away from him.

Assume that the speed of sound in air is 340 m.s™.
6.1 Name and state the phenomenon illustrated above. (3)
6.2  Convert 200 km-h™ to m-s™. 2)

6.3 If the frequency of sound that the man will hear when the car is approaching him

is 298,84 Hz, calculate the frequency of sound produced by the car. (5)
6.4  State TWO uses of the Doppler flow meter in medical field. (2)
[12]

QUESTION 7 (Start on a new page)

Two small identical, charged spheres which carry charges of +3 nC and +5 nC are placed a
distance of 40 mm apart as shown in the diagram.

+3nC P +5nC
® ¢ @
= 40 mm -
7.1  Define electric field strength. (2)
7.2  Draw the electric field pattern for these two charged spheres. 3)

7.3  Along the line joining the two small spheres, there is a point P, which is 10 mm
from the +3 nC charge. Calculate the magnitude of the resultant electric field
strength at P. (6)

7.4  An electron is placed at point P. Calculate the force experienced by the electron
due to the electric field. (4)
[15]
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QUESTION 8 (Start on a new page)

8.1 Inthe circuit represented below, the battery has an emf of 12 V and an internal
resistance, r. The battery is connected to an ammeter of negligible resistance
and three resistors 3,5 Q, 2 Q) and 6 Q. There is a voltmeter of high resistance
connected across 3,5 Q. When the switch is closed, the ammeter has a reading of
2,2 Aand V; has a reading of 11 V.

——— e e e — —

() |aso

60
8.1.1 State Ohm’s Law in words. (2)
8.1.2 Calculate the total resistance of the external circuit. (3)
8.1.3 Calculate the internal resistance, r, of the battery. 4)
8.1.4 Calculate the reading on V5. (3)

8.1.5 Calculate how many joules of energy the battery supplies to the 3,5 Q in
5 minutes. 4)

8.2  The switch is replaced with a high-resistance nichrome wire (i.e. switch is
replaced with a resistor).

How will the temperature of the battery be affected?
State only INCREASES, DECREASES or REMAIN THE SAME. (2)

8.3  An electronic appliance is marked 240 V, 2000 W. Electricity costs
R1.25 per kWh. Calculate how much it costs to operate this appliance for
2 hours. 3)
[20]
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QUESTION 9 (Start on a new page)

The diagram below shows the output of a generator installed on a farm.

9.1

9.2

9.3

9.4

9.5

9.6

9.7

Does this graph represent the output of an AC or a DC generator? Explain. (2)
Name the principle under which generators operate. (1)
State the energy conversion that takes place in generators. (1)

What structural change could be made on a DC generator in order to convert it to
an AC generator? (2)

Which one of the following diagrams (A or B) correctly illustrates the position of the
coil at atime of 0,05s? (1)

State two reasons why a generator will be less than 100% efficient, i.e. state two
ways that energy is converted into forms other than electrical energy by a
generator. (2)

List 2 ways of increasing the output of the generator without affecting the
frequency of the induced emf. (2)
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Generators need a source of mechanical energy to turn the coil inside a magnetic field.
The picture below shows an example of a wind generator.

When the wind blows at maximum speed, the generator delivers 1.035x10°W in a resistor
of 490 Q.

9.8 Calculate the root-mean square (rms) current produced by this generator. 3)
[14]
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QUESTION 10 (Start on a new page)

The photocell shown below consists of a metal plate P and a smaller electrode E placed
inside an evacuated glass tube, called a photocell.

Light -\\\;““u

FPhotocell G)

When the photocell is in the dark the ammeter reads zero. But when monochromatic red light
with a frequency of 4.65 x 10 Hz from a 50 W bulb is shone on the photocell, a small current is
registered on the ammeter.

The Table below shows the work function of two metals, caesium and gold.

Metal Caesium Gold

Work function, Wy (J) | 3,00x10™*° 7,81x10"°

10.1 Determine by calculation which metal, caesium or gold, should be chosen to
make P to ensure that the photocell works with red light? Explain your choice
clearly. (5)
The 50 W bulb is replaced with another bulb with higher intensity.

10.2 What effect will this have on the ammeter reading?
Give a reason for your answer. (2)

10.3 Light of frequency 1.21 x 10™ Hz now falls onto P, and P is made of caesium.
10.3.1 Calculate the speed of an electron that is emitted. (5)
10.3.2 Does the work function of caesium INCREASE, DECREASE or
REMAIN THE SAME when different frequencies of light are used? Q)

[13]
GRAND TOTAL: 150
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DATA FOR PHYSICAL SCIENCES GRADE 12

PAPER 1 (PHYSICS)

GEGEWENS VIR FISIESE WETENSKAPPE GRAAD 12

VRAESTEL 1 (FISIKA)

TABLE 1: PHYSICAL CONSTANTS /TABEL 1: FISIESE KONSTANTES

NAME / NAAM SYMBOL / SIMBOOL VALUE / WAARDE
Acceleration due to gravity G 9.8 m-s?
Swaartekragversnelling
Un!versal grawtgtlo_nal constant G 6.67 x 1011 N-mz-kg'z
Universele gravitasiekonstante
Speed of Ilg_ht in Iavacuum C 3.0 x 10° m-s
Spoed van lig in 'n vacuum
Planck’s constant .34
Planck se konstante H 6,63x10™ J-s
Coulomb’s constant 9 2 2
Coulomb se konstante K 9,0x10°N-m*-.C
Charge on electron . -19
Lading op electron € -1,6x1077C
Electron mass 31
Elektronmassa Me 9,11x10™ kg
Mass of Earth 24
Massa van Aarde M 2,98 x 10™ kg
Radius of Earth Re 6.38 x 10° m

Radius van Aarde
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TABLE 2: FORMULAE / TABEL 2: FORMULES

MOTION / BEWEGING

Vi =V + a At

Mx = v, At +1aAt® or/of Ay = v, At +LaAt?

v,> =v? +2aaxor/ofv,” = v’ + 2aAy

Ax =[Vi ;Vf ]At or/of Ay =(Vi ;Vf jAt

FORCE / KRAG

I:net =ma p=mv

1:s(max) = UsN fi = kN

I:netAt :Ap

Ap =mv; —my, w=mg

Fe Gmym, _Gm
T2 T2

WORK, ENERGY AND POWER / ARBEID, ENERGIE EN DRYWING

W =FAx cos6 U=mgh or/ofE, =mgh
K==mv? or/of E, == mV?
2 2 AK = Kf — Ki or/of AEk = Ekf - Eki
W

Pav = F-Vay / Pgem = F-Vgem

WAVES, SOUND AND LIGHT / GOLWE, KLANK EN LIG

f
ViV
fL=—"Lf, E—hf or/ofE=h<
vtv A

S

where/waar

E=hf and/en W, =hf, and/en Exmax = %mv?naX or/of  Kmax) = %mv?naX
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ELECTROSTATICS / ELEKTROSTATIKA

F_ kQiQ; _ kQ

a 2 2

r r

vo W e_F

q q
n=2 ORIOF n=2
e de

ELECTRIC CIRCUITS / ELEKTRI

ESE STROOMBANE

emf(€)=1(R +r)
emk (§)=I(R +r)

R, =R;+R, +
1 1 1 q=1 At
—=—F—+
R, R, R,
W = Vg W
W = VIAt At
P=VI
W = I’RAt
, P=I°R
W = VRAt p_V_2
R
ALTERNATING CURRENT / WISSELSTROOM
Pave :Vrmslrms / Pgemiddeld:ngklwgk
L
rms wg
\/E \/E Pave :IrzmsR / I:>gemiddeld :IsvgkR
\Y/ \Y/
Vrms — max / Vw _ maks 2 2
V2 ““ 2 |p Vms yop Ve
ave R gemiddeld R
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Preparatory Examination 2017

QUESTION 1
11 Cvv
12 Cvv
1.3 Cvv
1.4 BvVY
15 Bvv
1.6 DvV
1.7 BvvV
1.8 Cvv
1.9 AvY
1.10 DvV
10x 2 = [20]
QUESTION 2

2.1.1 When a net force acts on an object, the object will accelerate in the direction of the net
force with an acceleration that is directly proportional to the net force and inversely
proportional to the mass of the object. v' v/ (2

OR

Net force is equal to a rate of change in momentum.v'v’
2.1.2

a
Tension Force,
v

Normal Force

(4)
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213 T2 —myg = 0

214

—fz =myg
T, = (5)(9,8)v

T.=49 NV

_ﬁnet =0 (on box mass 2kg)
Tix = 49 N to the leftv’

Using trigonometry to work out Ty, :

Tix _
T tan a
Tlx
T.. =
Y™ tana
49
Y™ tan 70°
T,y = 17,83 Nv

Working with vertical forces (up as positive):

_ﬁnet,y =0
le +N-— Fg =0
17,83+ N —(2)(9,8) = 0V

N = 1,77 Nv' (i.e. the magnitude of the normal force is 1,77 N)

2.2 W =mgv
152,28=94gv
g = 1,62 m.s? (downwards) v’
QUESTION 3
3.1 An object upon which the only force acting is the force of gravity. v'v’
3.2 |Upward is positive Downward is positive
Vi = Vi + altv’ Vi = Vi + aAtv’
0 =5 +(-9,8)Atv 0 =-5 +(9,8)Atv
At=0,51sv At=0,51sv
3.3 |Upward is positive Downward is positive
Vi = Vi + altv’ Vi = Vi + alAtv’
=8+ (-9,8) (0,51)v =-8+(9,8) (0,51)v
= 3,00 m.s, upwardsv’

Copyright Reserved
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(2)

(4)

3)

[15]

)

®3)
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3.4 BallA Ball B
Vi = Vi + aAtv’ Vi = Vi + alAt
=5+ (-9,8)At =8 + (-9,8)At
=5-98At........... (1) v =8-9,8At.............. 2)v

But Ball A is moving downwards

Solving (1) and (2)
-(5 - 9,8At) = (8 - 9,8At1)V

At = 0,66 sv- (At=0,6633 s) (5)

35 Ay=viAt
= (5)(0!66) +% (-918)(0!66)2 v
=117mVv (using At =0,6633 s, Ay = 1,16 m) 3)
[16]
QUESTION 4

4.1  Principle of Conservation of linear momentum. v" The total linear momentum of an

isolated system remains constant. v'v/ 3)
4.2 To the left is positive
Total poefore = total pafterv’ Total poefore = total pafterv’
(340)(2.4) = (340)(0.8) + mzvzv’ (340)(-2.4) = (340)(-0.8) + mzvzv’
Mzvz = 544 kg.m.s v/ Mzvz = -544 kg.m.s1v'
Ekbefore = Ekafterv’ Ekbefore = EkafterY’
Y5 (340)(2.4)2 v'= ¥ (340)(0.8)2 + Y2 mzvz2Y ¥2(340)(-2.4)? =v ¥5(340)(-0.8)2+%2 mzvz2v’
870.4 =% (mzvz)vz = ¥ (544)vzv’ 870.4 = % (mzvz)vz = Y2 (-544)vzv’
vz = 3.2 m.s™! (to the left) vz = 3.2 m.s! (to the left)
mz =170 kgv’ mz =170 kgv’ (8)
[12]
QUESTION 5
Fg = gravitational force or
5.1 ) weightv’
- Fn = Normal forcev’
Fr = frictional forcev’ 3)
5.2 Whet = FnetAx cosBv" = (Fg+( - Ff))Ax = (343v' — 150v")(120v") = 23160 J v (5)
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5.3 The work done by a net force v'on an object is equal to the
change in the kinetic energyv” of the object.
OR
Net work donev” on an object is equal to the change in the kinetic energyv” of the
object. (2)

Mark positively from 5.2
5.4  Whet = AEk v'=% mve? — Y2 mvi?
23160V =% (70)v? - OV
vi=25,72m.stv (4)
[14]

QUESTION 6
6.1 Doppler Effect. v' It is the change in frequency (or 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. v'v*

OR
Doppler Effect. v’ It is the change in the observed frequency of a sound wave when
the source of sound is moving relative to the listener.v'v' (3)
6.2 56,56 m.stvv 2
6.3
f=—V f v
V-V
v v (5)
20884-_ 30 Y
340-56,56 v
f =250Hz ¥
6.4  Determine whether arteries are clogged/narrowed v/
Determine heartbeat of foetusv’ (2)
[11]
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QUESTION 7
7.1  Force experienced per unit positive charge placed at a pointv'v’ (2)
7.2
Accept more lines on the 5nC
Checklist Marks
Criteria for electric field
Direction v
Shape v
Field lines not touching each other or entering the spheres v
3)
73 Es =kQ VvV Es = kQ
[ a2
= (9x109)(3x10°) v = (9x109)(5x10°) v
(10x103)? (30x103)?
=270 000 N.C1v (to right) =50 000 N.C1 v (to left)
Enet =270 000 + (-50 000)
=220 000 NC1v (6)
Mark positively from 7.3
7.4 F = qvV
= (1,6x101%)(220 000) v
= 3,52 x 1014 NV (to the right) v’ 4)
[15]
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QUESTION 8

8.1.1 The current through a conductor is directly proportional to the potential difference
across the conductor at constant temperaturev'v’ (2)

1 1
812 —=—+—
R1 R2

1
111,
2 6

~Rp =1,5Q
Rr =1,5+3,5v
=50V (3)
Mark positively from 8.1.2

8.1.3 |emf
12 v
T

I(Rt+r) Vv
22(5+n v
0,45 Qv (4)

OR

emf - Vext
(12-11) v
r

= Vint‘/
=2,2rv
= 0,45Qv (4)

8.14 V2=IR1v OR Vi=IRy=2,2x15v =3,30V
=(2,2)(3,5) v Vo=Vr-Vy =11-3,3v =7,70 VW
=7,7VV 3)
Mark positively from 8.1.4

8.15 [Q=1tv =22x(5x60)v=660C | OR W = VIAtY
W=V Q=77 x660v=5082Jv = (7,7)(2,2) ¥ (5x60) v
= 5082 Jv’ (4)

OR

P=I1?2Rv =(2,2)%35) v =16,94W | OR W = I2RAtY
W = Pt = (16,94)(5x60) v = 5082 Jv’ = (2,2)%(3,5) v (5x60) v
= 5082 Jv (4)

OR

2
W=""Atv
R

2
:i/(5x60)\/

=5082 Jv

(4)
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8.2 Decreasesv (1)
83 E=Pxt
=2 x2V
=4 kWh
C=tariff x E
=1,25 x 4v
= R5,00 v 3)
[20]
QUESTION 9
9.1 DCV - polarity of emf does not changev’ (2)
9.2  Electromagnetic inductionv’ 1)
9.3 Mechanical energy to electrical energyv’ (1)
9.4  Replace split-ring commutatorv” with slip ringsv’ (2)
95 AV Q)
9.6  Friction between moving partsv’
Electrical resistance in wiresv’ 2
9.7 Increase magnetic field strengthv’
Increase number of turns on the coilv’ (2)
9.8 Pave= |2rmsR\/ OR P=I°RV
1.035%10° = 12ms(490) v/ 1.035x10°=1%(490) v
Ims= 45.96 AV’ I=45.96 AV 3)
[14]
QUESTION 10
10.1 E=hfv

= 6.63 x 1034 x 4.65 x 1014v
=3.08 x 101° 3v

E < Wo for gold OR f<foforgold
E > Wo for caesiumv’ f > fo for caesium
.. choose caesiumv’ .. choose caesium (5)

10.2 There will be a higher current reading on the ammeter. v/
Each photon ejects one electron, so more electrons per second will be ejected.v'(2)

10.3.1E=Wo + Ex vV
6.6 x 104 x 1.21 x 10%5v'= 3 x 1019 + %3 (9.1 x 10°31) v3v

5 v=1.05x10%m.stv (5)
10.3.2 Remain the samev’ (1)
[13]

GRAND TOTAL: 150

Copyright Reserved Please Turn Over



