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INSTRUCTIONS AND INFORMATION

;

2.

10.

11,

12.

Write your NAME in the appropriate spaces on the ANSWER BOOK.

This question paper consists 10 questions. Answer ALL the questions in the
ANSWER BOOK.

Start EACH question on a NEW page in the ANSWER BOOK.

Number the answers correctly according to the numbering system used in this
question paper.

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

You may use a non-programmable calculator.

You may use appropriate mathematical instruments.

Show ALL formulae and substitutions in ALL calculations.

Round off your final numerical answers to a minimum of TWO decimal places.
Give brief motivations, discussions et cetera where required.

You are advised to use the attached DATA SHEETS.

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

Various options are provided as possible answers to the following questions. Choose

the answer and write only the letter (A-D) next to the question number (1.1-1.10) in the
ANSWER BOOK, for example 1.11 D.

1.1 If an object is at rest, it can be concluded that...
A no external forces act on it
B the net force acting on the object is zero
C the object is prevented from moving by friction
D the object experiences a net force greater than zero (2)
1.2 (V2 = VZ) )
The physical quantity represented by the expression ~———* is equivalent
to....
A Velocity
B Acceleration
C momentum
D Kinetic Energy (2)
1.3 A builder throws a brick vertically upwards with an initial velocity of 7,35 m's ' .

When the brick reaches its maximum height, then the ...

acceleration of the brick is 7,35 m's -2 and its potential energy is a
maximum.

velocity of the brick is 0 m's -! and its potential energy is a minimum
velocity of the brick is 9,8 m's *' and its potential energy is a maximum.

oo w >

acceleration of the brick is 9,8 m's 2 and its kinetic energy is a minimum. (2)
1.4 Impulse is...

the change in object’s kinetic energy.

the product of the net force acting on an object and the object’'s mass.

the rate of change in momentum.

the product of the net force acting on an object and the time the net

force acts on the object. (2)

OO w>»
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1.5 A motor lifts a box of mass m through a vertical height of h at a constant speed
of vin time At . Which of the following is equal to the rate at which work is done
to lift a box?
A mgv
B mgh
1
C (E mv?)
At
1 .2
D (mgh - > mv*)
At (2)
1.6 Which one of the following is the main principle applied when measuring the
rate of blood flow?
A Newton’s second law of motion
B Photoelectric effect
C Doppler effect
D rate of change in momentum (2)
18 Two small, identical spheres X and Y on insulated stands, carry charges of -q

and +3q respectively. When placed with their centres a distance r apart, X
exerts an electrostatic force of magnitude Fon Y.

and X are a distan’éé ' r. apart. The magnitude of the electrostatic force which

X now exerts on Y is:

A 12F

B %F
C %F

. NaF 2)
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1.8

1.9

1.10
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The minimum value of the resistance that can be obtained by connecting two
6 Q resistors is ...

A 10
B 20
C 30
D 120 (2)

A coil is rotated anti-clockwise in a uniform magnetic field. The generator
diagram below shows the position at the instant the coil lies parallel to the
magnetic field.

The direction of the current when the coil is in the position shown above is ...

A AtoB
B Bto A
C CtoB
D DtoC (2)

In an experiment on the photoelectric effect, a scientist shines Orange light on
a metal surface and observes that electrons are ejected from the metal surface.
Later the scientist shines Green light, with the same intensity as the Orange
light, on the same metal surface.

Which ONE of the statements below will be the CORRECT observation as a
result of this change?

A The speed of the ejected electrons will decrease.

B The number of ejected electrons per second will increase.

G The maximum kinetic energy of the ejected electrons will increase.

D The number of ejected electrons per second will decrease. 2)
[20]
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QUESTION 2

2.1 A block of mass 3 kg is connected with a light inextensible string that is hanging
over a frictionless pulley, to another block of mass X as shown in the diagram
below.

The 3 kg block, placed on an inclined plane at an angle of 30° to the horizontal, is
pulled by a constant force of 40 N along the incline, while, the block of mass X
accelerates at 0,5 m's2 downward.

ﬁoN

The coefficient of kinetic friction between the 3 kg block and the surface is 0,2.
Ignore the effects of air friction.

2.1.1 State Newton's Second Law of Motion in words. (2)

2.1.2 Draw a labelled free-body diagram indicating ALL the forces acting on the

3 kg block as it moves down the inclined plane. (5)
2.1.3 Calculate X, the mass of the hanging block. (6)
Copyright reserved
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2.2  The Moon which has the mass of 7,35 x 1022 kg is 1,2 x 10% km away from Earth
as shown in the diagram below.

Earth
Moon

1,2 x 105 km
7,35 x 102 kg

The gravitational force between the Moon and Earth is 1,91 x 102 N.

2.2.1 State Newton's Law of Universal Gravitation in words. (2)
2.2.2 Calculate the radius of the Moon. (5)
[20]
QUESTION 3

3.1 Ball Ais projected vertically upwards at a velocity of 10 m-s™' from the ground as
shown in the diagram below.

10 ms-!

Ignore the effects of air resistance. Use the ground as zero reference.

3.1.1  Explain the term Projectile (2)

3.1.2 Draw a labelled free-body diagram indicating ALL the forces acting on ball
A just before it reaches the maximum height. (1)

3.1.3 Write down the magnitude of ball A's Kinetic energy at its maximum height (1)
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32 05 s'AFTER ball Ais projected upwards, a second ball, B, is dropped from a point
P which 8 m above the ground as shown in the diagram below.

(3)
Ground
3.2.1 Calculate the time it takes for the ball to reach its maximum height. (3)
3.2.2 Calculate the time at which ball B meets ball A. (4)

3.3.3 On the same system of axes, draw a position — time graphs for ball A and
ball B, indicating the whole motion until the instant the two balls meet. Use

ground as reference. Take upward as positive.

Clearly show the following on your graph:
e Initial position for the two balls.

e The time at which the balls meet. a)
[14]
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QUESTION 4
A Truck of mass x, travelling at a velocity of 20 m-s™' to the right on a straight horizontal

road, collides head-on, with a car of mass y travelling at 10 m's™' to the left. The collision
between the vehicles is INELASTIC.

The vehicles stick !

a combined _rgass’ of 2300 kg and a kine

nergy of 258750 J
4.1 State the principle of conservation of linear momentum in words. (2)
4.2 Calculate the speed of the vehicles after the collision. (3)
4.3  Show by means of a calculation that the Truck has a mass of 1916,67 kg. (4)
4.4  Hence, determine the magnitude of impulse experienced by the Truck. (3)
[12]
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QUESTION 5

A block of mass 2 kg is released from rest at point P and slides down a rough curved
slope from a vertical height of 2 m, as shown in the diagram below. It reaches its
lowest position, point Q, at a speed of 5 m's™.

Q

5.1 Is mechanical energy conserved while the wooden block slides down the slope?
Give a reason for the answer. (2)

5.2 State the work-energy theorem in words. (2)
5.3 Use the work-energy theorem to calculate the work done by the kinetic frictional
force experienced by the wooden block as it slides from P to Q. (6)
[10]
QUESTION 6

The siren of a stationary police car emits sound waves of wavelength 0, 24 m.

The stationary listener now hears a sound with a frequency of 50 Hz higher than the
sound emitted by the siren.

Assume that the speed of sound in air is 340 m's™.

6.1 State the Doppler effect in words. (2)
6.2 Calculate the frequency of the sound emitted by the siren. (3)
6.3 The police car moves a distance of x in 15 seconds. Calculate the distance x. (6)
6.4 State ONE application of Doppler effect in medicine. (1)
[12]
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QUESTION 7

7.1 Asmall sphere, R, with a charge of -50nC, is placed in a narrow, cylindrical glass
tube vertically above sphere S, with a charge of -20nC. Sphere R is suspended
from a light string secured to a beam as shown in the diagram. The mass of sphere
S is TWICE the mass of sphere R. Ignore the effects of air friction.

7o g o B

String

|
A O -50nC

pul

Both spheres come to equil whe tension on the string is 8 N.

7.1.1  State Coulomb's |2 o (2)
7.1.2 Draw a labelled free-bo I‘agrafh“ﬁ"’fﬁfﬂing ALL the forces acting on
sphere R. ' (3)
7.1.3 Calculate the mass of sphere S. (6)
7.2 Two point charges, q1 and gz are placed 60 cm apart. Charge g1 carries +30uC
and g2 carries -90uC. Points A, B and C along a straight line are positions in the
electric field surrounding the charges. C is 5 cm from point charge gz as shown in
the diagram below.
. 60 cm . 5cm '
. —— -... ........ Peisimiciaia . ....... " ......
A B o
Q1 Gz
7.2.1 Define the electric field at a point. @)
7.2.2 Explain why the net electric field is not ZERO at positions B and C. (2)
7.2.3 Ais 80 cm from point charge q2. Calculate the net electric field at A. (6)
[21]
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The battery in the circuit below has an emf of 5 V and internal resistance r. The resistance

of the connecting wires and ammeter can be ignored.

18 Q2

6 Q

8.1 State Ohm's law in words. (2)
Switch S is closed, and the ammeter reading is 0,4 A.
8.2 Calculate the:
8.2.1 Reading on the voltmeter. (4)
8.2.2 Energy dissipated in the 18 Q resistor in 5 minutes. (4)
8.2.3 Internal resistance the cell. (4)
8.3 How will the reading on voltmeter V change when switch S is opened? Choose
from INCREASES, DECREASES or REMAINS THE SAME (1)
[15]
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QUESTION 9.

9.1 AC generators and DC generators differ in their construction and the type of current they

deliver,

9.1.1 What type of generator (AC or DC) is illustrated in the diagram? (1)

9.1.2 State the energy conversion that takes place in the generator.

92.13 Which component, X or Y, enables this generator to produce the type of
current it delivers? (1)

9.1.4  Will the coil experience a maximum or minimum turning effect (torque) if
the coil is in the position as shown in the diagram above? (1)

9.2 An electrical device is connected to a generator which produces an rms potential
difference of 210 V. The maximum current passing through the device is 6 A.

Calculate the:

9.21 Resistance of the device (5)
9.2.2 Energy the device consumes in two hours (5)
[14]
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QUESTION 10

In an experiment to demonstrate photoelectric effect, light of different frequencies is
shone onto the metal surface of a photoelectric cell. The maximum kinetic energy
of the emitted photoelectrons is measured. The graph below shows the results obtained.

1
Graph of (Eximax)) versus ( 'y )
.J vV
2 - E
= :
X ;
E
w
A
A
0 >
0 2 4 6
1 (X10°m™)
A
10.1 Define the term photoelectric effect. (2)
USE THE GRAPH to answer the following questions:
10.2 Calculate the threshold frequency of the metal in the photoelectric cell (3)
10.3  Calculate the maximum kinetic energy at E shown on the graph. (5)

The experiment above is now repeated using light of higher intensity.

10.4 How will EACH of the following be affected? Choose from INCREASES,
DECREASES or REMAINS THE SAME.

10.4.1  The gradient of the graph (1)
10.4.2 The number of photoelectrons emitted per unit time (1)

[12]

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

Radius van Aarde

NAME / NAAM SYMBOL / SIMBOOL VALUE / WAARDE
Acceleration due to gravity 98 m-s?2
Swaartekragversnelling g ’
Universal gravitational constant G 6,67 x 10-1" N-m2-kg2
Universele gravitasiekonstante :
Speed of light in a vacuum . 30x 108 m-s
Spoed van lig in 'n vakuum :
Planck’ s constant h 6,63 x 10 J-s
Planck se konstante
Coulomb’ s constant K 9,0 x 10°N-m2-C2
Coulomb se konstante
Charge on electron o 16x101°C
Lading op electron
Electron mass = 9,11 x 103 kg
Elektronmassa
Mass of Earth M 5,98 x 102 kg
Massa van Aarde
Radius of Earth Re 6.38 x 108 m
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TABLE 2: FORMULAE / TABEL 2: FORMULES

MOTION / BEWEGING

V¢ =V +aAt

Ax = v, At + LaAt?

or/of Y = Vibt + 1aAt®

2 AdAR 2 2 _[ YtV [ ¥ Ve
Vit =V 28K o of Ve =V, +2a4y Ax —( ]N Ay ( > ]f—‘-t
or/of
FORCE /| KRAG
Fret=ma p=hN
fs(max) = UsN fk = pkN
F..At=4p

Ap=mv,—mv, W=y

_Gm;m, Gm

TR o g

WORK, ENERGY AND POWER / ARBEID, ENERGIE EN DRYWING

W=FAX 456 U=mgh p/ofEe =mgh
1 1 Whet = AK or/of Whet = AEk
K=—mv? E, =—mv?
or/of AK=Ki—Ki  orlof AEx = Ex - Ex
W
Whe = AK + AU or/of Whne = AEk + AEp P:E

Pav = FVav / Pgem = F-Vgem

WAVES, SOUND AND LIGHT / GOLWE, KLANK EN LIG

1
= f ;\‘ T = —
' f

ViV c

far g E=hs

bvzy, E=hf orjof A

E = Wo + Ekmax)or/of E = Wo + Kmax)y  Where/waar
ITmv2 Ymv2
E=hf andlen Wo=hfo and/en Ekmax =2 ™ or/fof Kmaxy=2 M
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ELECTROSTATICS / ELEKTROSTATIKA

kQ4Q kQ
O ™2 E= —
r2 f2
Vi A Bl
q q
==, -a
€ OR/OF Qe
ELECTRIC CIRCUITS /| ELEKTRIESE STROOMBANE
R=! emf(e)=1(R+r)
| emk () =I(R+r)
Rs =R;+R, +
J. 1.1 q=IA¢
R, R, R,
w
W=Vq P=—
W =VIAt at
P=VI
W = 12RAt -
VAt P=lR
W = R P=V_2
R
ALTERNATING CURRENT / WISSELSTROOM
I I Pave =‘\/rrﬂ'slrr'ntz. j Pgemlddeld_ ngk wgk
Irms == Iwgk =-mas
2 / ﬁ Pa =Ir2msR / Pgemiddeld=ligkR
V V
V - max V - maks 2
" \/E / - \/E Pave e Vés Pgamiddaldz V:k
/
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS

1

1.2

1.3

1.4

1.5

BV Y
Bv' v
Dv'v

Dvv

[20]
QUESTION 2
2.1
2.1.1 When a resultant/net force acts on an object, the object will accelerate in the
direction of the force. The acceleration is directly proportional to the force v and
inversely proportional to the mass of the object. v/ (2)
2.1.2
Accepted labels —
W | Fo/Fw/Weight/Gravitational force
fk | f/friction/Kinetic friction
N Fn/Normal force
F FAppIied force / 40N
T Fr/ Tension
®)
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2.1.3 MARKING CRITERIA
e Mark for formula Fnet = ma. v/

e Mark for substitution of acceleration of 0,5 in Fret = ma. v/
e Mark for calculation of the kinetic friction. v/

e Left hand side substitution. v'v/, one for each block.

e Mark for the answer.

UP THE INCLINE AS POSITIVE:
For 3 kg block:

Fne[ =ma v

T+ Fg[] + (_‘fk) + (_“F) = ma

[T + (3)(9.8) sin30° — (0,2)[(3)(9.8) cos 30°v] — 40 ]v'= 3(0.5) v

T = 31,89N

For block X:

Fnet = ma

F+ (—T) =ma

X((9.8) — 31.89)v'= X(0.5)

X = 3.43kg v’ (6)

Copyright reserved Please turn over
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2.2

NSC — Marking Guideline

2.2.1 Each body in the universe attracts every other body with a force that is directly
proportional to the product of their massesv” and inversely proportional to the

square of the distance between their centres.v’

(6.67x10711)(5.98x10%4)(7.35x 1922)/

222
Gm,
F= _—"‘rzmz/
1.91 x 10%°v =
R = 2.65 % 10%m v/
QUESTION 3
3.1

(6.38x105+1.2x1084R ;)2 v

2)

©)
[20]

3.1.1 An object v'which has been given an initial velocity and then it moves under the
influence of the gravitational force only.v’

NB: Object will only receive a mark if used in the correct contexts of vertical

motion.

3.1.2

fg v
3.1.3 Zero/0 (J)v

3.2l

(2)

(1)
1)

Upwards Positive

Uf =V + adt v
0=10+4(—9.8)At v
At =1,028 ¥

Upwards Negative

ve=v; tadtv
0=-10+4+(98)4t v

At = 1,025 v

Copyright reserved
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3.2.2

NSC — Marking Guideline

DOWNWARD POSITIVE:
BALL A:
Ay = v;At + éadtz\/

ya = (—=10)t +§(9.8}t2~/
ya = —10t + 4.9t?

BALL B:
ve = (0)(t—0.5) + }(9.8)&— 0.5)%2v

8+ya=ys

8+= —10t + 4.9t2 = 4,9(t — 0.5)?
—~10t + 4.9t2 = 4.9t2 — 49t + 1,225 — 8

~t=133s Y
DOWNWARD NEGATIVE:
BALL A:

1 v
Ay = v;At + EaAtz

ya = (10)t+5 (—9.8)t3
ya = 10t — 4.9t2

BALL B:
yg = (0)(t— 0.5) + %(—9.8)@ ~0.5)2v

8+yg=ya
8 —4.9t% + 49t — 1,225 = 10t — 4.9t

~t=133s v

Copyright reserved
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3.3.2 POSITIVE MARKING FROM 3.3.

A
gr-——-——-5
B
E |
S Rmorer !
= | A i :
w 1 1 |
o : i i
o | : :
: | i
| ! i
| t 1
: : i
ol 0,5 1,02 1,33 t(s)
Starting times (0.5 s; 8 m) for Ball B, (Os ; 0 m) for Ball A v
1.33s the time at which balls meet v 3)
Correct shapes for the graphs v [14]
QUESTION 4
4.1 The total linear momentum of an isolated system remains constant (is
conserved)v' v’
NB: If closed system is used award 1 mark. (2)
42 [, = %mvzf
258750 = = (2300)v2v’
v=15mstv
(3)
4.3
Z Pbefore = Z Pafter }
myvi, + myvi, = (my + my)v
m7(20) + (2300 — m7)(=10) v'= (2300)(15) v
mr = 1916,67kgv’ (4)
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NSC — Marking Guideline

4.4 POSITIVE MARKING FROM 4.3

Ap =m(vi—vy) v

Ap = 1916.67(15 — 20) v/

Ap = —9583.35 kg.m's!

~Impulse = 9583.35 N.sv’ (3)

[12]

QUESTION 5
5.1 No.v Presence of kinetic frictional force/rough surfacev’ (2)
5.2 The work done on an object by a net force is equal to the change in the object's

kinetic energy.v'v’ (2)
5.3 Wy = AE,V

1

mgAycosé + Wy, = Em(vfz -1,

(2)(9.8)(2)cos0°V + W, v'= %(2)(52 —03) vV

Wr, =—14.20 Jv

Option 2:

Wy = .fEk + AE,Y

Wfk = Em(sz = Viz) + mg(f =] -E)

Wr =3 @)(5% = 0%) YV +(2)(98)(0 - 2) ¥

Wy, = —14.20 Jv (6)

[10]

QUESTION 6
6.1 Doppler effect 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’ (2)
6.2

v=fXAY

340 = f(0.24) v

f =1416.67 Hzv (3)
6.3 POSITIVE MARKING FROM 6.2

34040
340—vg

1466.67 =

(1416.67) v

«vg = 11.59 ms?!

(6)
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_Ax
MY

11.59 = v
15

x = 173.85mv
6.4 Doppler flowmeter. v/

Or
Determine heartbeat of foetus. (1)

[12]
QUESTION 7
7.1

7.1.1 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
chargesv and inversely proportional to the square of the distance between them.v" (2)

7.1.2 T #
Fe ¥
3)
v Fg v
713 Fpet=ma
k v
mg+ (=T) + (— erzQE) =ma
(9x10?)(50x107?)(20x1077) _
[m(9.8) — 8v — e 1v =0v
m = 0.82 kg v’
mg = 0.82 x 2 = 1.63kgv (6)
7.2
7.2.1 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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7.2.2 B: The field from both charges are in the same direction.v’

C:Ea % Cis closer to g2 than q1, and g2 > q1v’

Or
(2)
- (9%x10?)(90x107%)
, (80x10~2)?

_~i N.Cv to the leftv’ (6)
' [21]
QUESTION 8.

8.1 The potential difference across a conductor is directly proportional to the current
in the conductor at constant temperature.v'v' (2)
8.2
8.2.1
1_1 .1
R, R, R,
22t
R, 18 6
R, =450
vV v
R= T ,
= —V
45 0,4
V=18Vv (4)
8.2.2 POSITIVE MARKING FROM 8.2.1
W= VA
TR
_ (1,8)3(300)v
W= (—(la) )Y
W =54]v
OR
(4)
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1,8
[=0,1A
W = I°PRAt v
v
W =[(0,1)2 (18) (300) v] v
W =541v

OR
W = VIAtY

W = [(1,8 X0.1 ) x 300v]v'

W =543v

8.2.3 POSITIVE MARKING FROM 8.2.1 AND 8.2.2

Vinternar = It v

v v
5-1,8 =0,4r

r=80Q If learners end here award full marks

r=4 Qv

OR

e=I(R+rnv

v
5=(04)(45+nVv
r=8Q

r=4 Qv

8.3 Increases.v

QUESTION 9
9.1
9.1.1 DCY

9.1.2 Mechanical (energy) is converted to Electrical (energy).v’

9.13 Y.V

9.1.4 Maximum. v

9.2
9.2.1

I
Irps = T%x/

Copyright reserved

(4)

(1)
[15]

(1)
(1)

1)
1)
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Irms = ﬁ‘/
Loms = 4.24A
Vims = LrmsR v
210 = 4.24RV
R = 49.530v
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OR

Winie' = Vime\N2v*

Vimax = 210V2v

Vmax = 296,98V

R = Ymax,/
Imax

R= 2966,93 v

R = 49.50 Qv

9.22 POSITIVE MARKING FROM 9.2.1

Pave = ltgms- RV
Pive = (4,24)2(49,53) v
Pave = 890.43W

_ Vims
Pave - R ‘/

_ (10
ave ™ (4953)

P.ve = 890,37W

890.40 =
W = 6,41X10°)v

w
_— —/
P At

7200v

QUESTION 10

(5)
[14]

10.1 The process whereby electrons are ejected from a metal surface when light of

10.2

At Exmax) = 0 J:

fo=c@) ¥
f, = (3 x 108)(3.6 x 10%) v
f, = 1.08 X 10'°Hz v/

10.3 SOLUTION BELOW
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suitable frequency is incident on that surface.v'v’
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10.4

10.4.1  REMAIN THE SAMEY (1)

10.4.2  INCREASESY (1)

[12]
TOTAL: 150

CORRECTION FOR 10.3

h
10.3 -f-: hfo+Exmax)y v

(L2 IG00" - (6 63X10%) (1.08X10'5) v + Exman

Ekmax = 3,98X10-%) o
)
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