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INSTRUCTIONS AND INFORMATION

1.

2.

This question paper consists of 32 pages with 8 questions.

A data sheet is provided.

. Answer all questions on this paper and show all working out.

Extra space is provided at the end of the paper should you require it.
Use the mark allocation as guide to the maximum time you should spend on a question.

Use bullet points for all explanations.

. Round all answers to 2 decimal places and include the correct Sl unit.

Answers should be expressed in decimal format and not left as fractions.

Read the questions carefully...  Science students™*
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QUESTION 1

Answer these questions on the multiple-choice answer sheet below. Make a cross
(X) in the box corresponding to the letter that you consider to be correct.
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Me who just finished
a physics problem
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1.1 Consider the three graphs shown below representing the motion of a marble:

S A a

>t ——» }

Which of the following descriptions correctly matches the information in the graphs?
A rolling along the floor and rebounding horizontally off a wall

@ rolling up a ramp and then rolling back down the ramp

C falling and bouncing elastically off a hard floor

D thrown vertically downwards and coming to rest on the floor

1.2 A ball rolls along a rough surface and comes to rest in a distance, d. If the frictional force

acting on the ball is doubled, by what factor will the distance it takes to stop change?

A d B 2d @Vzd D 'd
I douoled . o dougied 5=V,
Page 2 of 32 S /4'0 E
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1.3  Two identical trolleys, A and B, are initially at rest, joined by a spring. The spring then
pushes them apart and trolleys A and B move in opposite directions, both with a speed of v.

Which of the statements below are correct?
| — the collision is elastic as kinetic energy is conserved X Cx pefore O

Il — the magnitude of the total change in momentum of ball Ais 0 X
Ap= AV = wnlv-U) = wmv-0) = MV

C landll @ nefi

A lonly B Il only
1.4  The graph below shows how the net force acting on an object changes with time.
F(2h2)- 45
3 ]
oree = A\ / — (812
\mpu\i 5 ~
\ =\

Ct(s)
AL

4, = | \ r"l A

Force (N)
=)
ool
—

Which of the statements about the graph are correct?

| — the change in momentum of the object between 0-3 seconds is 4,5 kg.m.s™ v
Il — the impulse the object experiences between 3-12 seconds is 22,5 J.s
[l — the change in momentum of the object between 6 and 20 seconds is 34 J.s X

D |, Iland Il

A land Il @l and Il C lland Il

Page 3 of 32 PLEASE TURN OVER
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Use the diagram below to answer both question 1.5 and 1.6
E= \(@/Y 2 D
[

COUCIR 9 O 'z

1.5  Which of the following correctly gives the electric field experienced by the -2pC charge?
A 1000 N.Cleft @1000 N.C right

C 2000 N.C left D 2000 N.C right

1.6 At which position(s) would it be possible to have a zero net electric field?

@ X only B Y only C Zonly D XandZ

1.7 In the circuit below, 4 resistors with resistances of R, 2R, 3R and 4R are connected as

shown:

3R 4R

Which correctly ranks the current through the resistors and the voltage across the resistors?

Current Voltage
A I3r = l4r > I2r > IR V4r > V3r > VR = V2R
B IR> I2r > I3 > 4R Var < Var < VR = V2R )
C lsr< lar > [R> IR | Var> V3r > VR > V2R
\ D) lsr = lar > IR > I2r V4r > Var > VR = V2R ]
Page 4 of 32
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1.8 In the circuit below the battery has significant internal resistance, and an emf of 12 V.

Q2
—Os;

-
]

( : ks
When component Dz is turned around... . VY€verse Wo\dsegt . ho curve

A the reading on the voltmeter increases but is less than 12 V

B the reading on the voltmeter decreases but is greater than 0 V
C the reading on the voltmeter reads 0 V
@ the reading on the voltmeter reads 12 V

1.9 You are given the following diagram showing a positively charged particle entering a

magnetic field.

nognet < feld

XXX XXXXXXXX
XXX XX XXXXXX O Livre PGS
XXX XX ¥%XXXXXX
positively XX X XXX XXXXX
XX XXX XX XXX
charged @ xxxxxxxxxx: use lett hopd
partigle XX X XXX XXX XX yurie
XX XXXXXXXXX
XXX XXXXXXXX
XXXXXXXXXXX
In which direction does the particle experience a force?
®upwards B downwards C to the left D to the right
Page 5 of 32 PLEASE TURN OVER
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1.10  Part of the energy level diagram for an atom is given below, showing that an electron could
o\
E X A
E,
X Ewd

E,

make two possible transitions.

E, Qround cuote

Consider the statements regarding this diagram:
I - photons with the greatest wavelength correspond to the change marked X T
Il - Eo represents the ionization on the atom and E+1 and Ez represent excited states X

Il — photons will have a greater frequency with the change marked Y

Which of the statements are correct?
A Handlll B tandll 6) I and Il D ILllandll

20 MARKS

Me: xstruggles to remember the
direction of magnetic forces

My physics Teacher:

Do the Wagic hand thiflg "

Page 6 of 32
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QUESTION 2 _
ring

The floodlights are shining down on the netball court as the legendary

Mr Mukha takes a shot at scoring a goal in the staff vs matrics netball

match at the stay-awake. Coach Mogale is waiting on the other side of

the court. The ring and goal post are labelled alongside and the

dimensions of the court, as a top view, are shown below. Ignore air

resistance.
GOAL THIRD ~» CENTRE THIRD - —» GOAL THIRD
g / cuncus
B8
g g
zZ
g m
CENTRE CIRCLE
= 900mm
R=45m
L 10.17m each third
i
EQUAL EQUAL EQUAL -

After Mr Mukha takes his shot, the ball bounces vertically upwards from the top of the ring and
reaches a height of 0,95 m above the goal post.

2.1 Calculate the velocity with which the ball left the top of the ring. (4)

~U2+ 285 |

0= U?+2(-9,9X0,95)
—
U= 43 mer Upwards

2.2 Ifthe ball reaches the ground 1,34 seconds after it left the top of the ring, calculate the
height of the goal post. (4)

S=uk + Y20l
(4,3\)&12 4yt V72 (-9, )1, 34)";
= ~302m "
202 ™ h'gh T

Page 7 of 32 PLEASE TURN OVER
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2.3 If Coach Mogale was running towards Mr Mukha at an initial velocity of 2 m.s"! as she

passed the goal third line as shown in the diagram, prove that she would need to accelerate
at 0,39 m.s? in order to reach Mr Mukha (who is standing on the edge of the goal circle)

with a final velocity of 4 m.s™.
VE=u? s 205
C4) %= ()2 +20(1011 +5, 07

. 02Am.s 2

(3)

As Mr Mukha holds the ball above his head, the floodlights shine directly into his eyes, so he drops

the ball from rest and it bounces several times on the court as shown in the position-time

graph below. The mass of the ball is 400 g.

r 3

1,85

Position (m)
S

v

| H I 1 |
0 0,64 0,67 1,90 1,97 t

2.4  Calculate the velocity with which the ball hits the ground the first time.

v=u +9b
= O (-9, 206 4)
= ~6,27 ms

L2215 dowrnoras
2.5 Define displacement.

choroe i pel Eion
7

- Page 8 of 32

Time (s)

(4)
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2.6  Calculate the magnitude of the velocity with which the ball leaves the ground at 0,67

seconds. L (3)
O PRI
170,67
0=yt Ao ")

Us 6,03 yn g

2.7 Sketch the corresponding velocity-time graph for the full motion of the ball, indicating

the relevant velocities you have calculated and taking upwards to be positive. (5)
v
O3 | — - — -+
I/I
M
||IJ| J ":: ’ N
L .II ;f \\\
V | f \‘\ —

] ;!l 71 1
(s O N\ 0.64 | 0.67 N\ 1,90 / 1,97 \F Time (s)

2.8 Use your graph to calculate the magnitude of the acceleration of the ball when it was in

contact with the court. (3)
Q= 59/ B Q)D?)‘(“b,‘zj ) —
AN T0.o1- 064
(-
= 410 M g2

2.9  Hence calculate the magnitude and direction of the force applied by the court on the ball. (5)

Fret = o > Fret Foum - B9 — B
= (0, A14'0) lo 4 = Foure - (0414, %)
= 1o4 N~ Foure = 167,92 N Tpward

32 MARKS |

Page 9 of 32 PLEASE
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QUESTION 3

Rich Piana is known to many for his steroid-enabled body-building titles. Since taking drugs is not

something to be celebrated, we will focus on the fact that he was a stuntman credited with the role

of ‘adult gorilla’ in the movie Planet of The Apes.
In one of the scenes, Piana (in costume) has to pull two heavy boxes upwards as shown in

the diagram below. The rough surface has a coefficient of kinetic friction of 0,25 and the angle of

the slope is 19°. The boxes are joined by a strong, light, inextensible cable.

60 kg

3.1 Draw a fully-labelled free body diagram of all forces acting on the 40 kg box.

Fn- norno! force

Fre- fOrce opplicd
Ly Rin Pro

T- Lerson
A fi- kinenc fncaonol
DY ce
3.2 Define normal force. Fg- wr tla

L\ne pf‘vrf*}\c wewr By axtveCad bu o

sLY FOce on ow ON“\ = ONTOCh kun W

3.3  What is the reaction force to the weight of the 40 kg box on the slope?

tne foree o the ¥OX ol the egroh

Page 10 of 32
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3.4  Write a mathematical expression for the magnitude of the normal force experienced

by the 40 kg box and substitute all known values. (2)
FN = \Tgf Fp p.V b
= (4OX% R (014" - Fgp SIND v
= 370,64 0,17 Fpp

3.5  Ifthe force applied by Piana causes the 40 kg block to accelerate up the slope at

1,3 m.s, calculate the tension in the cable joining the two boxes. (3)
©OKQ T-Fg=mo 7
T (¥ O L U3
T=666N

3.6 Hence, calculate the magnitude of the force Piana, Frp, is applying to the 40 kg box.  (6)

40xo: Ve Ff,‘u Bt T=po —

o
(e " -
TReCOSIO 12767 05270 ,54 - ONf, |- bbn < 4003
O e 127162-927 +0043F, ~Lbb= 52
O3, = 94ag
\/
fep = 9UN
Ty = FQSin (al 2}55)
= (40X AR)SIN|A°
=127, 62N
Page 11 of 32 PLEASE TURN OVER

Downloaded from eduresourceza.com




DoRrystratiRatENES m RABERIE SENS TS ZRAE M2
3.7  Piana’s stunt coordinator recommends that he decreases the angle at which he is

applying the force to the 40 kg box. He says although this will decrease the frictional force

acting on the box, it will increase the force in the direction of motion of the box. Criticize

his statement, and refer to relevant equations to support your answer. (3)
v v
- wound increcce o5 Frno InCreoter f1- 0fn
(e
~ (T e dy of MoUY WNCKED e 1w (orvech

3.8  The cable between the two boxes suddenly snaps. Describe and explainpevf the motion

of the 60 kg box immediately after the snap by making reference to a relevant Newtonian
law. (2)

~ CoNEIAU €S MOVirg Up the slope dure
tO Iney

- Newv.t SRy (St Wa RNAV4

-

22 MARKS

Bro do you know
Newton's second
law?

I'm a science
student bro!
not a law student!

Page 12 of 32
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QUESTION 4

The Circus is back in town, and some eager matrics are spending the day with the performers to

see if they have what it takes to be professional clowns.
First up is the trapeze test, and Timon volunteers.

Timon is held at rest on a swing 5 m above the ground and instructed to keep his legs horizontal as
he reaches the floor so that he will knock the ball placed directly in his path forwards. It is filled with

sand and has a mass of 10 kg. Ignore air resistance.

s

m = 10 kg

4.1  Calculate Timon's gravitational potential energy just before he is released to swing

downwards. (3)
Ep=hgh
= (10)(q,3 U 5)
= 3430 3
4.2  State the law of conservation of energy. (1)

<

Che tokp! enctroy in Q &BStQT‘ﬁ caonrot ot
cveoted or descy dice | only transformed

o one Oy ©© Qrovk ey

4.3  Calculate the speed with which Timon reaches the lowest point of his swing, just above

the floor. Ey = \/2 W r S W (3)
2420 = ¥ (o) v*
V=34 Q0 g
Page 13 of 32 PLEASE TURN OVER
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Timon successfully knocks the ball forwards and then continues to swing upwards, but only
reaches a height of 3 m above the floor.

4.4 Calculate the magnitude of his velocity immediately after making after contact
with the ball. (4)

Ep Pop= Exlbocron
e Oh Y2 pev 2
CIOXA R 3 = V2(1o)V
V60 m e

4.5  State the law of conservation of momentum. (1)
the tono! lineor mowentili ot on
1sO\0L od \WSLBWY YerOINS CoRStOoNt

4.6 Hence calculate the velocity of the ball immediately after Timon came into contact with it. (4)
P‘: = F £
CATES T O L APANF I \ VAV O LA PRVES
|
Oo>xaa) 40 = Q0(7,67 + OV,
' L . v
Vool bl s Y\9‘(\t

4.7  State Newton’s second law. (1)
the new fOrce QLIRG On Ok o ece IS
cquot D ke rote Ot C,V\OVS\()& OFf

Momentu

4.8 If the contact time between Timon’s foot and the ball was 0,7 seconds, calculate the

magnitude of the net force his foot exerted on the ball. (3)
Firex Ax = AV
Fret (0 = VO (15 61-0)

Frew =2 23 N

Page 14 of 32
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Not to be outdone, Dimitri is working with another w

of the clowns who is teaching him to throw water vr?__

balloons at a box of very light plastic juggling - V @ 13
balls. "‘&" aeasanersen Cm..

The box is at rest on a rough table surface, and

the if balloons are thrown at just the right speed,

éﬁf

the box stops at the edge of the table. The mass -

of the box and the piastic balls is 600 g.

49  State the work-energy theorem. (n
the wovk dnpe o) O nex Eorce o~ On et
is equo! to the chande W Knene Creyr gy

Ot the olg)ect v’

4.10 Dimitri's water balloon causes the box to start moving at 1,2 m.s™ and he

does indeed get the box to just reach the end of the table. Calculate the magnitude of

the frictional force the table exerts on the box. (3)
(=
Wret - At o Fnek.S = ABy
FLO3x1072) = V(0,630 1Y
Fe = 2322 N

Dimitri decides he would rather try two new strategies to hit and stop the box :
Plan A: He throws a heavy piece of clay against the box. It sticks to the box and
they move off together on the same table as before
Plan B: He applies a force of 5 N at an angle of 30° to the horizontal to the box over a distance of

13 cm on a different table with a frictional force of 2 N

4.11  If the box of plastic balls starts to move at the same velocity as before, will it still just

reach the edge of the table in plan A? Explain your answer fully. (2)

nNO ;, MAss hog increased . fn InCreafed
LB InCreased

Page 15 of 32 PLEASE TURN OVER
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4.12 Define the work done on an object by a force.

tine pvow:\wﬂ Nt e (_\,\\‘g'r_" “poees org the
C()mp(\fﬁ o oF The Oy (S o Che

O\ISP \oCt Chwent

4.13 Calculate the work done by Dimitri in pushing the box in plan B.

(1)

(3)

\/\\}D th S
= Fpcosd ¢ |
HCOLIN 12> 10 ?)
=0, 6T
30 MARKS
QUESTION 5

It just wouldn't be a physics paper without Star
Wars. We journey back to the Clone Wars, where a
young Jedi, Anakin Skywalker, is training his

padawan Ahsoka on his home planet of Tatooine.

5.1 Define gravitational field.

force atirg per wnie woss

9.2 Calculate the gravitational field on Tatooine which has a mass half of that of Earth and

a diameter % of the diameter of Earth. ——
GMm SRCISL RS TR
T AT

o
b G =B, WmE”
Yo R

Page 16 of 32
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5.3 If Anakin has a weight of 784 N on Earth, calculate his weight on Tatooine. (2)

F9$W\9 |

184 =™ (49 %D |

v
sk 80\69 |

Fg =g |
- (QONRIN |

L

= AL BN |

Upon receiving a distress call from Master Windu, Anakin and Ahsoka board the Twilight and Obi-
Wan climbs into his Delta 7 and they take to the skies. At a point in their journey they are on either
side of as asteroid an indicated below, and at that exact position the net gravitational force on the

asteroid is zero.

asteroid Delta 7

R\
Twilight

m=70000kg F, F. m=30000kg
10 km X )
5.4  Calculate the distance that Delta 7 is from the asteroid at that instant. (4) [
r { r )
v ey,
\? Y2
(S |V

6, OO I (6,100 ) iy |
(lox 103)? | X2 ’

JC = 65"(0,;')4'(\(\ ‘

\— Page 17 of 32 PLEASE TURN OVER |
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They return to Tatooine after rescuing Master Windu and continue Ahsoka’s training. Anakin

charges two spheres A and B as shown below. He mounts Sphere B on an insulated stand and

attaches sphere A, with a mass of 2 g, to a light inextensible string, making angle 8 with the roof
due to its attraction to sphere B.

0
. i
A B
+3 NC { )erereremenesnennine -10 nC
) 5cm
M= 20

5.5 State Coulomb’s law.
Two p’)hL Na's I e Tl i~
Forces oh encls Objney
RY DOV LIkl To e

(1)
free spate or o exers
- Trc foyce s girecrly
progucy of The
CLOYnes Ond Inversely propoy \oro) oo e
cauctte of The Alkpnce evw ceh The
cneroes v

5.6  Calculate the electrostatic force sphere B exerts on sphere A.

= H\:q}_‘-/

Y2

(4)

|

= (AX107)(3x |0 )(\Ox |~
(B> 1o 2)2

v \/ ;
,OBx 10~ 4 \ octroctive Vol

Page 18 of 32
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5.7 Draw a full-labelled free body diagram showing all the forces acting on sphere A. (4)
& - ( i
o LT censior
\ - ) FO - \r1€30h
A _Fe 7 - -
— Te - ereorrowon
rg — f‘(’)f ce
W
5.8  Calculate the angle, 6. 4)
fe- Th | ,ORX |04 = Teos &
bo = v C o) 8| i
LWT4x10°? SinG
\ (14> o - 2 il o
COsO
16,30 = ton®
BAGES
23 MARKS
QUESTION 6

It's 1989, and at the High School science fair, 9 year old Sheldon Cooper

is devastated when his asteroid impact avoidance project loses to WHAT?
ARE YOU CRAZY?

another student's Van de Graaf generator and vows to quit science. His
brother Georgie knows it helps Sheldon when he gets to explain things,
so he asks for help with understanding internal resistance.

Sheldon sets up a circuit, which includes a rheostat, allowing him to vary -5._ B

the resistance. : .”,?'}“E?T‘;?,.

He tabulates the data he has gathered as shown when the switch is

closed:

Page 19 of 32 PLEASE TURN OVER
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6.1

6.2

Do FFAEaEfE6 m FrAtERre S0 (e ZeRaB M

| Voltage (V) Current (mA)
1,3 13
1,1 20
0,8 35
0,5 49
0,2 60
0,1 66 B

Plot Sheldon’s results on the graph paper below, with current as the independent variable.
(7)
L
Grogh ghowing relctidhehip berween volkoge gnd CUrvent
\ 2 \ T
A
\/ ...... tk\.\\? ............................
= ‘ B scale v
Y I v g e B S Y S SN S N
» ' N , p \O\’:blrg Vv
w 0, DS e LOBE v
(UR] ' X
2 HEHEEN
r Oﬂ,(n ............. \\
> Hih
QAR
o P N
’ ! FEIN
.................. N
Q 0 20 & 40 50 6o 10
YA Tl ( W p
Define emf. (1)

e totaol S0 rgg S\)Pp\\fd PPY coultomb

ot Chorge b\\f) the cell'—

Page 20 of 32
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6.3  Determine the emf of the battery from your graph. (1)
Q‘O\”S = \\(D\/ —
6.4  Calculate the gradient of your graph, showing clearly which points you used. Use this
value and a suitable equation to determine the internal resistance of the battery. (3)
=Xt e ~fk= N
et = TCR*Y) = 0,4-Q1 —
= TpR+1y (52 -40)x\o 2
-Y = 23

~ €
LE \V\J" cre v 2B

n\ _')Q W\ (- \_/
= grOdf - V¥

Not realizing that Georgie is'even more confused than before,

Sheldon continues with the next circuit. The battery has an internal

resistance, r, and an emf of 20 V per cell. The reding on ammeter Az ;LLQJ!‘ nieed a calculator dad.

is 0,8 A and the voltage across the 1,5 Q resistor is 6V. R is a

resistor of unknown value and the power rating of the bulb is 40 W.

V@)
emf =20V each

Page 21 of 32 PLEASE TURN OVER
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6.5

6.6

6.7

6.8

6.9

6.10

Do RHYRiSAHSRERES nn RABERE $OSICBZGRAE N2
Define power.

rote - v work \¢ dore

Calculate the resistance of the bulb.

p=12p
0= (op)ip "
R=06290"

Calculate the reading on V.
Nz =IR
- (0,B)X 62,8
50V

L

Calculate the reading on ammeter As.

R = v/I }\/
1,5 o/1
1=4R —
Calculate the value of resistor R.
Q = \//I L
- b6 o
(4-0,9)
= 15,6307

Define potential difference.

WOV dohe per unit pos\ wve chorge

Page 22 of 32
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6.11  Determine the reading on voltmeter V1 and hence the value of the internal resistance. (4)

V= V243 Vioge = Tv
- b0i6 (6O-%6) = 4¥
~ ii—,c,.\\JV r= \_ﬂ\/‘

6.12 Sheldon says that the lost volts would decrease if the branch containing resistor R is

removed. Do you agree with him? Explain your answer fully. (2)
v nowd thoreose
ST would gecreaie

o Viosy gdecrecns el

O\9V€€

31 MARKS

QUESTION 7

Optimus Prime has led the Autobots in the war against Megatron and the Decepticons for many

years, but they have finally decided to bury their differences and open up an electronics store

together.

Bumblebee is focussing on the DC motor shown below:

Coil

Page 23 of 32 PLEASE TURN OVER
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7.1 What is the energy conversion in a DC motor? (1)

flectncal = pmecharica
7.2 What is the name of the component labelled A ? &)
SEM S TIPG Ccommu Aty

7.3 What is the function of component A? (1)
Yevyeysey tine o\wé.c,k A of The QUYYentT in

t\ne \mp eveny KOVE ¥y o aovor

7.4 Does the armature in Bumblebee’s motor rotate clockwise or anticlockwise? (1)

ONEQ - Aot NS &

7.5  Give two ways Bumbebee can make the motor more effective. (2)

S STYORGCE oghex s

~ guyorger CUrveny —
Ratchet
. . : : _ fixing
Ratchet knows that since their shop is located in Boksburg they ' Bumblebee's
legs

will be subject to loadshedding, and therefore is studying the

basics of an AC generator.
Ratchet

fixing
- Bumblebee's
voice box

i Coil

//J'A

Pole piece of magnet

To external circuit

Page 24 of 32
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7.6 If Ratchet rotates the armature of the generator as shown in the diagram, which pole of

the permanent magnet is found at position A?

SOV

He plots the output of his generator below as graph P. After making a change to the same
generator, the output voltage is represented as Q.

Output emf (V)

7.7 State Faraday’s law of electromagnetic induction.
tre fhhduced enf s dw cceiy p}-‘”z[’“‘o\/k"\’ov\ﬁ\
To e rate of change of magr\mc
flux

7.8 Explain how current is produced in the coil of Ratchet's generator.

~(OROEIOr of The (Cop produccs a Chonge
e 1Yate! Y\etlt Elury =

-~ 0 Uranfnge n Y\’“O\9V\Ctiﬁ AUy Inducer on
—
et QFC(C'O‘OS( \o\W)

- en~t produces curvent
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7.9 What change did Ratchet make to his generator to produce graph Q ? (1)

doubled The specd Of rocat —r

Ironhide knows that the AC current Ratchet’s generator produces is very useful as it will allow the
electronics store to step voltage up and down as needed.

7.10  Megatron needs a voltage of 4000 V to be produced from the 12V : 2 A generator

Ironhide has made. Calculate the current such a transformer will produce. (3)
Vplp=\s ¢
L2)2) = 400035y —

7.11  Megatron needs the current to be rectified to DC. Name the component in his circuit

shown below that will allow for rectification, and explain whether he has connected it

correctly or not. (2)
Da ;K D,

~ bv\o\.g{ rcc)ﬁﬁbr ( aiodes)
L—

- d‘\OC\FS D> 0~d B> Shoutld e veversoo
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Optimus Prime is watching all of this in amusement while dropping a magnet through a coil of wire
and catching it as it falls out the bottom. The top view of the solenoid is shown alongside the

solenoid itself.

Top view of solenoid

A

—

(

W\

1|
1

|

J
\

l
r
\

il

|
|
\

i

A {11
1L

I{l
iy
W\l

i

7.12 State Lenz’s law. . (1)
the nduCed cuncent FoWs in 0 dire1ON &
oS To sex up fie\d oo Oppose tire Crarge
N Oaretic flux

7.13  Which pole of the magnet was Optimus dropping down towards the solenoid? (1)
novren
19 MARKS
QUESTION 8

For reasons that defy all logic, Homer Simpson is employed as
a safety inspector at the Springfield nuclear plant. As is par for
the course, he fails to do his job properly resulting in a radiation

leak, allowing x-rays to escape containment.

8.1  Define a photon.

distrere pocker ot ighe ercrgy
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8.2  Calculate the wavelength of an x-ray photon with a frequency of 2 x 1076 Hz. (3)

—

c=ix
Ax 1O% = (2 x10'e)
A= ke \O -2 \—

The graph below shows the kinetic energy vs frequency of three metals, namely potassium,

zinc and platinum.

L

S potassium zinc platinum

>

o

Q

c

[ )]

2

@

£

-~

£

=3

£

>

©

=

O L] ,65 L] 1I , L LJ ,I L] 15_=
0 R} 5 , 2,0 f(x10" Hz)
7 4 7/
r4 '4 /
/ / 4
’ ' /7
7/ 7/ 7/
4 /s /
/7 I'4 /7
x v ’ ’
8.3  Define work function. (1)

MINIMURN ooure of energl) heeded to
epnlc On RIECEYON from the Surfole
ot a mexal v

8.4  Calculate the work function of platinum. (3)
l/
Wo=hts

= (6,6x O™ | 15% 1n9)

=\ lbxio '3
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8.5  Calculate the velocity of ejected electrons if the x-rays were shone onto platinum

metal. — — ©)
_E=Wot Exnoy :,
(6,67 O3 2x10te) =\ 1ex 10" 1 £y oo

Exnwor = | 0= J
oy = Y2hnve T
—

Lax o -V, (A x o e )y 2

V=5 14 Y08 pac 1 —

Homer somehow manages to direct the x-rays to the cap of a nearby charged electroscope and
he watches as the leaf rises.

8.6  What charge was the electroscope originally? Explain your answer fully. (2)
_ (g
- pOE;lh ive
- When &7 Ort ejetted the elelrrps (ope
bemes wore posikively Chorged L—
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8.7  All of this leaking radiation causes the red warning light to start flashing in the
control room. When this red light with a wavelength of 800 nm reaches a piece of
metal on Homer’s desk it causes the metal to emit photoelectrons with a certain
kinetic energy. The warning light suddenly switches off and is replaced with an
emergency green light which has a wavelength of 500 nm. This green light causes
the kinetic energy of the photoelectrons to double.

Calculate the work function of the metal. (5)
Ei="Ye00xi0- = 2,4Bx107 3
£ "Ymoxs T - 36X 09T

E-Wot Ex

242x10"T Wo t ke - @
5A0bx 1O° 94 - Wo t2 € @

2,070 S \Wo t 2 L2 4D X1 L W)

:\\/\ID; \X\Og\qj
(4. 9x1072°)

8.8 What effect would x-rays with the same intensity as the green light reaching the metal

have on

8.8.1 the number of photoelectrons emitted from the piece of metal? (1)
NC ettt by

8.8.2 the speed at which the electrons are ejected from the piece of metal? (1)

\nCreagg e
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