I)/"
w6 Province of the

w§5UEASTERN CAPE

a( EDUCATION

NATIONAL
SENIOR CERTIFICATE

GRADE 12

SEPTEMBER 2016

PHYSICAL SCIENCES P1

MARKS: 150

TIME: 3 hours

********

This question paper consists of 16 pages, including a 3 page data sheet.




2 PHYSICAL SCIENCES P1 (EC/SEPTEMBER 2016)

INSTRUCTIONS AND INFORMATION

1. Write your NAME in the appropriate space on the ANSWER BOOK.
2. Answer ALL the questions.

3. Non-programmable calculators may be used.

4. Appropriate mathematical instruments may be used.

5. Number the questions correctly according to the numbering system used in this
guestion paper.

6. You are advised to use the attached DATA SHEETS.

7. The formulae and substitutions must be shown in ALL calculations.
8. Give brief motivations, discussions, etc. where required.
9. Round off your final numerical answers to a minimum of TWO decimal places.

10. Start EACH question on a NEW page.

11. All diagrams are not necessarily drawn according to scale.
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PHYSICAL SCIENCES P1

QUESTION 1: MULTIPLE-CHOICE QUESTIONS

Four possible options are provided as answers to the following questions. Each

guestion 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 A boy throws a tennis ball vertically upwards from the ground. At its maximum
height above the ground, its acceleration is ...

A upwards.

B equal to the velocity at that point.
C downwards.

D zero.

(2)

1.2 A CONSTANT FORCE F is applied to a box, causing the box to move at a
CONSTANT VELOCITY over a rough horizontal surface.

Box

The free-body diagram below shows all forces acting on the box. THE
DIAGRAM IS NOT DRAWN TO SCALE.

N
A

f -

@ » F

\J
W

Which ONE of the following relationships is correct?

A F<f
B F>f
C F=w
D F=f

1.3 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 Remains the same Decreases
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4 PHYSICAL SCIENCES P1 (EC/SEPTEMBER 2016)

1.4  The graph below shows the relationship between maximum kinetic energy
(Kmax) of the photoelectrons and frequency of incident photons during an
experiment on the photoelectric effect.

L

Kinetic energy (J)

/ Fréquency (Hz)

v

o

The point labeled P on the graph represents the ... of a photon.

maximum velocity

maximum frequency

work function

threshold frequency (2)

ocOw>

1.5 An observer runs towards a stationary sound source. As the observer
approaches the source, its pitch appears to increase because the ...

A loudness of the source appears to increase.

B  frequency of the source appears to increase.

C frequency of the source appears to decrease.

D  wavelength of the source appears to increase. (2)

1.6 Two light bulbs are connected across a battery of emf € and negligible internal
resistance as shown in the diagram below.

12V
[E-q1

"
"X

The battery delivers maximum voltage. If the power of R1 is greater than the
power of Rz, which statement is CORRECT?

A  The resistance of R1 is greater than the resistance of Raz.

B  The resistance of Rz is greater than the resistance of Ri.

C The resistance of R1is equal to the resistance of Raz.

D The resistance of Ri1 is equal to 0 Q. (2)
Copyright reserved

Please turn over



(EC/SEPTEMBER 2016) PHYSICAL SCIENCES P1 5

1.7 Aline emission spectrum is produced when an electron in an excited atom
makes a transition from ...

A higher to lower energy levels and emit light energy.

B  higher to lower energy levels and absorb light energy.

C lower to higher energy levels and emit light energy.

D lower to higher energy levels and absorb light energy. (2)

1.8 The sketch represents an alternating current (AC) generator that is rotated
clockwise as shown below.

The direction of the induced current in the coil is from ...

A B toA.
B CtoB.
C AtoB.
D DtoC. (2)

1.9 Two small, identical positively charged spheres P and Q on insulated stands
are placed a distance d apart as shown below. The magnitude of the force
exerted by Qon P is F.

P Q

<l .
- L

If the distance is now changed to %2 d, the new force between the spheresiis ...

A YF.
B %F.
C 2F
D 4F. )

1.10 The photoelectric effect is evidence of the fact that ...

A metals contain electrons.

B light has a particle nature.

C light has a wave nature.

D metals have a positive charge. (2)
[20]
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QUESTION 2 (Start on a NEW page.)

A 4 kg block B, resting on a flat, rough horizontal table, is connected by a light
inextensible string to a 6 kg block A. The string is passed over a light frictionless
pulley in such a way that block A hangs vertically downwards as shown in the
diagram below.

2.1

2.2

2.3

2.4

2.5

B

4 kg

Write down Newton’s Second Law of motion in words.

Draw a free-body diagram of all forces acting on block B.

(2)
(4)

The kinetic frictional force experienced by block B is 32,53 N to the left.

Calculate the magnitude of the acceleration.

(6)

Calculate the coefficient of kinetic friction between the surface of the table and

block B.

©)

How will the frictional force on the block be affected if the 4 kg block is pulled at

an angle of 30° to the horizontal?

Write down INCREASE; DECREASE or REMAIN THE SAME.

Explain your answer.

Copyright reserved
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QUESTION 3 (Start on a NEW page.)
A ball is projected vertically upwards from the ground with a speed of 18 mes™. It
passes the roof of a 5 m tall building on its way up and reaches its maximum height
at B. On its way down, the ball strikes the roof of the building at point A as shown in
the diagram below. Ignore the effects of air friction.
B (max height)
A
A
(1]
1] 5m
vi= 18 mes™ Cg v
3.1 Write down the magnitude of the velocity of the ball at point B the maximum
height above the ground. (1)
3.2  Write down the magnitude and direction of the acceleration of the ball at
point B. (2)
3.3 Calculate the following regarding the ball:
3.3.1 The time it takes to reach point B above the ground (3)
3.3.2 The velocity at the instant it strikes the roof at point A (3)
3.3.3 The total time it takes, from the instant it is projected to the time it
strikes the roof at point A 4)
3.4  Sketch the velocity-time graph for the motion of the ball from the ground up
until it hits the roof of the building.
Indicate the following on your graph:
i) initial velocity
i) time at point B (the maximum height)
i)  final velocity (4)
[17]
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QUESTION 4 (Start on a NEW page.)

A box is held stationary at point A, the top of a plane ABC, inclined at an angle to
the horizontal. The portion AB of the plane is smooth while the portion BC is rough.

4.1 State the principle of conservation of mechanical energy in words. (2)
4.2 Calculate the speed of the box at position B. (4)

4.3 The box experiences a kinetic frictional force of 14,7 N as it moves with a
constant velocity, from B to C, down the plane.

4.3.1 State the Work-Energy Theorem in words. (2)

4.3.2 Draw a free-body diagram showing ALL forces acting on the box
at B. (3)

4.3.3 Use the work-energy principle to calculate the distance d, between
B and C if the box has a mass of 3 kg. (5)

4.4 The angle between the incline and the horizontal is decreased.

How will this decrease affect the coefficient of kinetic friction acting on the
box?

Write only INCREASE; DECREASE or REMAIN THE SAME. (2)
[17]
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QUESTION 5 (Start on a NEW page.)

A man and a woman each wearing roller skates, stand facing each other on a flat
frictionless horizontal surface. The man pushes the woman and the woman moves
to the right at 4 mes.

5.1 State the principle of conservation of linear momentum in words. (2)
5.2 The masses of the man and the woman are 80 kg and 50 kg respectively.

How does the impulse on the woman compare to that on the man?

Write only GREATER THAN, SMALLER THAN or EQUAL TO. Q)

5.3 Calculate the man’s velocity immediately after pushing the woman away from
him. 4
5.4 Calculate the impulse on the woman. (3)
[10]

QUESTION 6 (Start on a NEW page.)

A police car is moving down along on a flat road at a constant speed and emits from

its siren sound waves with a frequency 346 Hz. A woman sitting next to the road
detects sound waves at a frequency that is 50 Hz more than the frequency of sound
waves emitted by the siren as the police car is moving towards her.

6.1 State the Doppler effect in words. (2)

6.2 Explain, in terms of wave motion, why the frequency heard by the woman is
higher than the frequency of the source. (2)

Assume that the speed of sound in air is 340 mes™.
6.3 Calculate the speed of the car. (5)
6.4 State ONE application of the Doppler effect in medicine. (2)
6.5 A line in a hydrogen spectrum has a frequency of 7,55 x 10 Hz when
measured in a laboratory. The same line in the spectrum of a distant star has
a frequency of 17,23 x 10! Hz.
State whether the distant star is moving TOWARDS or AWAY from the earth.
Give a reason for the answer. (2)

[12]
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QUESTION 7 (Start on a NEW page.)

Two metal spheres, M and N, on insulated stands carry charges +Qm and -6 nC
respectively. The distance between the two charges is 20 mm and P is a point at
10 mm from sphere N as shown below. The NET ELECTRIC FIELD at point P due to
presence of M and N is 5,2 x 10° N-C-! westwards.

+ Qum -6nC
M 20 mm QN 10 mm —»oP N
W‘—I—'E
S
7.1 Define the term ELECTRIC FIELD at a point. (2)
7.2 Calculate the magnitude of charge Qwm on sphere M. (7)

7.3 The two spheres were allowed to make contact and moved back to their
original positions.

7.3.1 Draw the electric field pattern due to the two charges. 3)
7.3.2 Calculate the ...

@) number of electrons transferred from one sphere to another
sphere after separation. (4)

(b) magnitude and the direction of the force that sphere M exerts on

sphere N after contact. (3)
[19]
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QUESTION 8 (Start on a NEW page.)

The simplified sketch below represents an electrical motor.

8.1 Name the type of electrical motor that is shown above. (1)
8.2 What energy conversion takes place in the above electrical motor? (2)
8.3 The turning effect of the electrical motor can be increased by increasing the
number of turns of coil or by increasing the strength of the magnetic field.
8.3.1 Write down another way in which this turning effect can be increased. (1)

It is intended to produce a maximum potential difference in the electrical motor
when a constant current is supplied.

8.3.2 In which position should the coil relative to the magnetic field be
positioned in order to produce maximum potential difference?
Write only PARALLEL or PERPENDICULAR. (1)

8.4 The graphs below shows the output of a generator.
A Graph A
330

* Time(s)

Potential difference (V)

4l
-

8.4.1 Is the reading indicated as 330 V on the graph above a root mean

square voltage (Vrms) or a maximum voltage (Vmax)? (1)

8.4.2 The generator produces the root mean square current (Ims) of 12 A.
Determine the rate at which the generator will transfer energy. (4)
[10]
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QUESTION 9 (Start on a NEW page.)

In the circuit below, the battery has an emf of 12 V and internal resistance r. The
three resistors and the bulb are connected as shown in the diagram. The resistance
of the bulb is 2 Q. Initially both switches Si1 and Sz are open. Assume that all the
connecting wires and an ammeter A have negligible resistances.

S

& 5

R T
R, 60
= 60 R4 20
R s,
| 30

9.1 With only switch S:1 closed, the reading on the voltmeter drops to 10,8 V.
Calculate the ...

9.1.1 reading on ammeter A. (4)
9.1.2 internal resistance, r of the battery. (3)
9.2  With both switches, S1 and Sz, closed, the ammeter reads 1,5 A.
9.2.1 Calculate the power dissipated by the bulb. (7)
9.2.2 What effect will the closing of both switches have on the “lost volts”?
Write only INCREASE, REMAINS THE SAME OR DECREASE.

Fully explain your answer. 3)
[17]
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QUESTION 10 (Start on a NEW page.)

Different frequencies of light are shone onto the surface of a metal. The graph below
shows the relationship between the kinetic energy of photo-electrons and frequency
of the incident light.

£

Kinetic energy (J)

30 40 50 60 70 80 90 100 110 Freguency (x 10-'® Hz)

10.1 Refer to the graph and write down the threshold frequency of the metal. (2)

10.2 Give a reason why no photo-electrons are released when light of frequency
45 x 101°Hz is used. 2

10.3 Calculate the velocity of the ejected electrons when a light with a frequency of
110 x 10*° Hz is shone onto the metal. (5)

10.4 What effect will an increase in the intensity of radiation have on the velocity of
ejected electrons?

Write only INCREASE, DECREASE or STAYS THE SAME.

Explain your answer. (2)
[10]

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
é\?v(;eallftg?rzg\?eurirzglﬁrrlzvny g 9,8 mes?
Universelogravitasickonstant G 6,67 x 1011 Nem?skg2
25323 822%[3 inn \\llzim c 3,0 x 108 mes?
s o : 6,63 10% I
Coulomb 56 konstante k 9,0 x 109 N-m2C2
E:;ngeoopneelleekﬁ:)onn e -1,6 x 1019 C
Elekironmasea me 9,11 x 109 kg
Massa op arde M 5,08 x 102 kg
Radius of earth Re 6.38 x 10° km

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

MOTION/BEWEGING

Vi =Vj +aAt

Mx =V, +1aAt® orfof Ay = v, At +1aAt?

v,” =v,” +2aAx orfofv,” =v,” + 2aAy

Ax =(V‘ va jAt or/of Ay :(Vi ;Vf jAt

FORCE/KRAG
Free =ma p=mv
famax = |1oN fik = pkN
F At =A
net p w=mg
Ap=nmv; —nv,
Gmm, M
G 9=G ¢2

WORK, ENERGY AND POWER/ARBEID, ENERGIE EN DRYWING

W =FAx cos0

U=mgh or/ofEp =mgh

K=2mv? orlof E, = v
2 2

W, .. = AKorlof W, = AE,

AK =K, —-K, orlofAE, =E, —E

W,,. = AK+AU or/ofw,. = AE, +AE,

_w
At

P, =Fv

av

WAVES, SOUND AND LIGHT/GOLWE, KLANK EN LIG

v="FfA T:}
f
VIV ViV
fi=—tf f=—Ltf, E=hf or/ofE=h<
vViv, viv, by

E =W, +E, where/waar

E=hf and/enW, =hf, and/enE, :%mv2

K =1mv2

max max
2

or/ of
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ELECTROSTATICS/ELEKTROSTATIKA

— =

g-Y e_F
d q

V:ﬂ n :g
q 9

ELECTRIC CIRCUITS/ELEKTRIESE STROOMBANE

v emf(e)=1(R+r)
R=—
! emk (¢)=I(R +7)

R, =R; +R, +...
1.1 1 q=1At
R, R, R,
W=V

q b %
W = VIAt

P =VI

W= I2RAt

, P=I2R
W= VAL _V_2

R

ALTERNATING CURRENT/WISSELSTROOM

I | Paverage :Vrmslrms / Pgemiddeld:\/wgklwgk
| _ _max / I _ maks

ms wgk

\/E \/5 Paverage = Ir2msR / I:)gemiddeld: I\?ngR

V V,
Vrms _ Y max / ngk — __maks V2 V\i .

\/E \/5 Paverage = I;WS / Pgemiddeld: ?g
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