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SECTION A — Multiple-choice questions 
  

Instructions for Section A 

Answer all questions in pencil on the answer sheet provided for multiple-choice questions. 

Choose the response that is correct or that best answers the question. 

A correct answer scores 1; an incorrect answer scores 0. 

Marks will not be deducted for incorrect answers. 

No marks will be given if more than one answer is completed for any question. 

Unless otherwise indicated, the diagrams in this book are not drawn to scale. 

Take the value of g to be 9.8 ms.       
Question 1 

The diagram below shows the electric field lines between two charges of equal magnitude. 

F, whl legs lonung A 

ot charg € = of ve, 

The best iption of the two charges is that the 

A. charges are both positive: 7 
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B. charges are both negative. 

C. charges can be either both positive or both negative. 

D. left-hand charge is positive and the right-hand charge is negative. 

Question 2 

Jupiter’s moon Ganymede is its largest satellite. 

Ganymede has a mass of 1.5  10?3 kg and a radius of 2.6 x 10° m. 

Which one of the following is closest to the magnitude of Ganymede’s surface gravity? 

A. 0.8ms7? i 4 é Foils bho   
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D. 9.8ms? -3 2 
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Use the following information to answer Questions 3 and 4. 

A positron with a velocity of 1.4 x 10° m s~! is injected into a uniform magnetic field of 4.0 x 10-2 T, directed into 
the page, as shown in the diagram below. It moves in a vacuum in a semicircle of radius r. The mass of the positron is 
9.1 x 10-3! kg and the charge on the positron is 1.6 x 10°!9 C. Ignore relativistic effects. 
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    v=14x 108ms! 

Question 3     ee Sere 
e
r
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Which one of the following best gives the speed of the positron as it exits the magnetic field? 

     
    

  

    
   

   

iy A. Oms! Forte acts 70° photederr 
ae B. much less than 1.4 x 10°ms7! ot Z { 

Pe CC. 14x 108mst? : fae *? ne change 
= D. greater than 1.4 x 10°ms! uw peed f comy-erert 

Question 4 

The speed of the positron is changed to 7.0 x 10° ms". 

Which one of the following best gives the value of the radius r for this speed? 
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is | 
ia Gale 2 = 5 

Question 5 wit Neaded, x ziot iot m* = jexgt vo 

A coil consisting of 20 loops with an area of 10 c cm? is placed in a uniform magnetic field B of strength 0.03 T so that 

the plane of the coil is ‘js perpendicular to the field direction, as shown in the diagram below. 

  

  

B Gg = BA ; , 
0-03 x (10x *) 

aS! 

  

  

    
  

  

3410” 
The magnetic flux through the coil is closest to 

A. 0 Wb 
xq 

3.0 x 105 Wb > ria] 

6.0 x TO" Wb 
fag 

D. 3.0 107! Wb C3 

Question 6 
2 

A single loop of wire moves into a uniform magnetic field B of strength 3.5 x 10~ 4 t over time f= 0.20 s from a 

point X to point Y, as shown in the diagram below. The area A of the loop is 0: 05 m?. f j pe yh [oo 

x Xx XyX XX x 75a 2 

KX XH xX x 
' Lu 

x xX XM XBX : N 
ASRS nee ~_ = a 

x xX X X X X - = 
; lag 

x xX X X X X , ke 2 

E- = / x +*(3 SMe 10.05) P= 

; : : : 0:2 0 
The magnitude of the average induced EMF in the loop is closest to = Ke 

A. 0V ~~ o.gK0 7 fo) 

B x 10°V Pa 

8.8x10°V 

D. 88x 10°V s 

Question 7 

An ideal transformer has an input DC voltage of 240 V, 2000 turns in the primary coil and 80 turns in the secondary 

coil. 

e voltage is closest to NN 

cei = DC village > £2 =O 
9.6V 

C. 60x 18V 
= hobccop! Yllage = Oo 

D. 3.8% 107V Nido Tanaka's ANS only worde bor fC. 
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Question 8 

A ball is attached to the end of a string and rotated in a circle at a constant speed in a vertical plane, as shown in the 
diagram below. 

mie ti, Bal breetsaré Veg ict vt hill 
ao Ns and Ty CMs toy. in bring . 

4s th fall Mores ‘Up ‘ gh 
thes tte t Terston > Weiht 

Vos ity i 

a ball 

~ y Weight ‘ 
The arrows in options A. to D. below indicate the direction and the size of the forces acting on the ball. 
Ignoring air resistance, which one of the following best represents the forces acting on the ball when it is at the 
bottom of the circular path and moving to the left? 

A. B. A 
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Use the following information to answer Questions 9 and 10. 

Two blocks of mass 5 kg and 10 kg are placed in contact on a frictionless horizontal surface, as shown in the diagram 

below. A constant horizontal force, F, is applied to the 5 kg block. 
, 

Nye Tig h- yihe Sore acebyalan 

hy nite Tact F oe 8 ts 

td brw 2s ee 

5 it hove he : Y/ 

Gomi acteb “on 

Question 9 

Which one of the following statements is correct? 

  

A. The net force on each block is the same. 

B,.. The acceleration experienced by the 5 kg block is twice the acceleration experienced by the 10 kg block. 

(. / The magnitude of the net force on the 5 kg block is half the magnitude of the net force on the 10 kg block. 

D. The magnitude of the net force on the 5 kg block is twice the magnitude of the net force on the 10 kg block. 

Question 10 

If the force F has a magnitude of 250 N, what is the work done by the force in moving the blocks in a straight line for 

a distance_of 20 m? 

Ws Fd 
B. 25kJ 
Cc. 50kI = 250 XW 
D. 500 kJ 

= 5000 
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Question 11 

The International Space Station (ISS) is travelling around Earth in a stable circular orbit, as shown in the diagram oe 
below. iN , 

essen, "Secel Censlent 
a me Dipeckrn bu YOS 

ra * KE. we Solr > leuslen - 
| Misses te ae tale 
. : the: shihign ab Eeagel Lueys 
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e 

q
e
e
e
e
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Which one of the following statements concerning the momentum and the kinetic energy of the ISS is correct? 
A. Both the momentum and the kinetic energy vary along the orbital path. 

B. Both the momentum and the kinetic energy are constant along the orbital path. 

C.__The momentum is constant, but the kinetic energy changes throughout the orbital path. 

@ momentum changes, but the kinetic energy remains constant throughout the orbital path. 

IN
 

T
H
I
S
 

A
R
E
A
 

Question 12 

    

  

  

  

   

pea A high-energy proton is travelling through space at a constant velocity of 2.50 x 108m s7!, | 

5 The Lorentz factor, y, for this proton would be closest to x e f eae 

fad A. J 
/ fs 4 

= B. 2.44 | 

C. 3.27 

D. 

pe mee 

3.39 ~ | (2-saa04)* 

V (3.0 x10%)~ 
Question 13 

Matter is converted to energy by nuclear fusion in stars. 

If the star Alpha Centauri converts mass to energy at the rate of 6.6 x 10° kg s~!, then the power generated is closest 
to 

r 5 @< 

A. 2.0x 108 w Frome 
B. 2.0x 10!8J 

Y , ‘ 

D. 6.0 10° J SbOxXIO x (3-0x/04) 
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Question 14 

Students are investigating the diffraction of waves using a ripple tank. Water waves are directed towards barriers with 

gaps of different sizes, as shown below. A ; a | 

a <= 5 - wale 

In which one of the following would the greatest diffraction effects be observed? 

“lor Mencken 
— B. barrier 

: £ @ 
r. 2.0 cm | * cap 2.0 cm - oe 

IT _¥ 
ze | er Lp 

4 

bi lee lb 

wavelength wavelength 

1.0 cm 2.0 cm <x 
Lu 

o 

Ir barrier D. Kr barrier <= 

“R k nN 
| ' gap 3.0 cm | | gap 3.0 cm = 

_-¥ _-¥ aE 

| | 3 
ot le a = 

wavelength wavelength al 

1.0 cm 2.0 cm 

Question 15 

I The energy of a light wave increases with increasing amplitude. 
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Il The energy of a light wave increases with increasing frequency. 

Ill The energy of a light wave increases with decreasing wavelength. 

Which of the statements above about the energy of light waves is correct? 

A. Ionly 

B. [and II only 

C. and Ill only 

all of the statements are correct Pov Z [thelor) Habel 
| yoo Hoolel Mp a ff | 
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Question 16 

The diagram below shows a plot of maximum kinetic energy, E, max» Versus frequency, f, for various metals capable 
of emitting photoelectrons. 

iene nickel potassium sodium lithium 

  T T T T T T T T > f(«10!4 Hz) 
5.0 52 54 56 58 60 62 64 

Which one of the following correctly ranks these metals in terms of their work function, from highest to lowest in : —— a Oss 
numerical value? 

A. sodium, potassium, lithium, nickel 

B. _ nickel, potassium, sodium, lithium highest tet Be nel 

isn nickel, lithium, sodium hws big hee They is gh / hy 4 

Jithium, sodium, potassium, nickel £ 

Question 17 = Edm aad 
The diagram below shows some of the energy levels for the electrons within an atom. The arrows labelled A, B,C 
and D indicate transitions between the energy levels and their lengths indicate the relative size of the energy change. 

  

n=4 

— n=3 

— n=2 

— n=1 
A B Cc D 

Which transition results in the emission of a mission of a photon with the most energy? oe : A 

A A erge Aeron 
B. _B 

Co) > Mand fe td bd oping Poon     

SECTION A - continued 
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Question 18 

Quantised energy levels within atoms can best be explained by 

A. electrons behaving as individual particles with different energies. 

B. _ electrons behaving as waves, with each energy level representing a diffraction pattern. 

C. protons behaving as waves, with only standing waves at particular wavelengths allowed. 

®) electrons behaving as waves, with only standing waves at particular wavelengths allowed. ~ 

Question 19 

Which one of the following best describes a hypothesis? f 

( A.) a testable scientific explanation SF he Uhing be le Leteck . 

B. a well-tested scientific explanation 

C.  ascientific explanation by a famous scientist 

D. awidely believed and highly plausible explanation 

Question 20 

When photons with energy E strike a metal surface, electrons may be emitted. 

The maximum kinetic energy, Ex may of the emitted electrons is given by Ey max = & — W, where W is the work 

function of the metal. 

Which one of the following graphs best shows the relationship between the maximum kinetic energy of these 

electrons, Ey max» and the wavelength of the photons, 1? 

A B.- 

E, max k max 

A a 

Cc. D. * 

E, max E, max 
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SECTION B 
  

Instructions for Section B 

Answer all questions in the spaces provided. 

Where an answer box is provided, write your final answer in the box. 

If an answer box has a unit printed in it, give your answer in that unit. 

In questions where more than one mark is available, appropriate working must be shown. 

Unless otherwise indicated, the diagrams in this book are not drawn to scale. 

Take the value of g to be 9.8 ms.       

  

  

            

Question 1 (2 marks) 
¢ 

Two bar magnets are placed close to each other, as shown in Figure 1. uw 

o 

Sketch the shape and the direction of at least four magnetic field lines between the two poles within the dashed er 

5 ‘ 
aeaS_EU 

border shown in Figure |. 
S- WY) 

x 

| | | 3 
\ a t 
i I 

: 4 zm 
T 1 

s i oN 7 s N ae 

i} ——> ( mM 
Tien ke 

' I feo 

' ' jag 

Figure 1 
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(a) [iognab Ghd bees Ge Noth, =F Coath. 

Net: O wasted ahs by yrlluin Luc Larberl boydly- 

apts acacel be in Weve lo gd AM pede, 

Linws nut 7o Nerd Le Sell. willeen We bax       
SECTION B — continued
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Question 2 (3 marks) 

Gravitation, magnetism and electricity can be explained using a field model. According to our understanding of 
physics and current experimental evidence, these three field types can be associated with only monopoles, only 
dipoles or both monopoles and dipoles. 

In the table below, indicate whether each field type can be associated with only monopoles, only dipoles or both 
monopoles and dipoles by ticking (v) the appropriate box. 

  

Field type Only monopoles Only dipoles Both monopoles and dipoles 

gravitation ah 

magnetism sf 

electricity J 

    

  

          
    

[gyal ee Nd te wh a Sell. [v4] 
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Question 3 (6 marks) 

Electron microscopes use a high-precision electron velocity selector consisting of an electric field, E, 

perpendicular to a magnetic field, B. 

Electrons travelling at the required velocity, vo, exit the aperture at point Y, while electrons travelling slower 

or faster than the required velocity, vp, hit the aperture plate, as shown in Figure 2. 

aperture plate 

  

aperture plate 
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Figure 2 

   
a. Show that the velocity of an electron that travels straight through the aperture to point Y is given by 

E i 1 mark 

W
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Y= B- 

Fg = Fn _ 
E 

, an ea - Ye 2“ ____ 
gle ANB | 
  

a ke 

[o) 

b. Calculate the magnitude of the velocity, vp, of an electron that travels straight through the aperture to Zz 

point Y if E= 500 kV m-! and B = 0.25 T. Show your working. 2 marks 

Z ‘3 fo) 

- ye OOK - a 

0.25 
  a 

2 2-OX10 _ 
  

  

          
SECTION B — Question 3 — continued
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e i. At which of the points — X, Y or Z — in Figure 2 could electrons travelling faster than vo arrive? 1 mark 

Fin z gVB. E=gt 

me 3 Fm f whin uj? fe sles om, 

  

      

ii, Explain your answer to part c.i. 2 marks 
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Question 4 (10 marks) 

The Ionospheric Connection Explorer (ICON) space weather satellite, constructed to study Earth’s 

ionosphere, was launched in October 2019. ICON will study the link between space weather and Earth’s 

weather at its orbital altitude of 600 km above Earth’s surface. Assume that ICON’s orbit is a circular orbit. 

Use Rp = 6.37 x 106m 

a. Calculate the orbital radius of the ICON satellite. 1 mark 

Koz Re tht d = 6. 37 x0 + 00X10". 

  
  

  

  

  

    
  

  

      
  
  

= €997 X1 pf 

6-970 
oo a 

b. Calculate the orbital period of the ICON satellite correct to~hree significant figured Show your Lu 

working. 
4 marks fa 

; - GAT 2 po 

Corauber Molin fs a < 
aA x 5 3 7) 

Xe on Ky T. 402 L6-92xh es a 

fechealion a ‘he te grail, 422 e bb70 10 « £9BK10* = 

27 6M 4n'°t = F78 95 i 
rv aa z hepteey 

—aut i 
e 2 e 

6M. oc 
= 

  

  

    579 x0 * 

ce. Explain orale f satellite a, stable circular orbit eo the use of ee a engines. = marks 

The fore _wchng on IOV bs grawr 

Couurds Fact. pee es 
This brew. Condens t LM [lag rabude oud 90° tb "é Kdow A 

ot Wavel. 
Thee, the sal-ldde fe, ain a wuss a deena otc . 
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d. Figure 3 shows the strength of Earth’s gravitational field, g, as a function of orbital altitude, 4, above 

  

the surface of Earth. : Sar 

10.00 

9.80 

9.60 

9.40 , 

9.20 Neo & IS fot 
g(ms*) 9,00 ‘ a 

8.80 Ae 5 ylbooxd) idf- 6 ‘) 
Pe 8.60 
Ea 8.40 

x 8.20 

. 7 wn , ) 0 100 200 300 400 500 600 

LL! ti a) 
ag VOUS - i baer pool = $e2 x (600K 0 . 
ES Brofon Ws ere . silane 3 

Zz 
—_ Determine the change in gravitational potential energy of the ICON satellite as it travels from Earth’s | 

surface to its orbital altitude of (600 km above Earth’s surface. The mass of the ICON satellite is 

288 kg. 3 marks 

Awa = 32x (boo Ap0°) oy ee (1-6) 

= 5400000 

a Ally = mass x Anca 
“2 288 X £5400 000 

> 155520000 = }-Skx10" 
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Question 5 (9 marks) 

A rectangular wire loop with dimensions 0.050 m x 0.035 m is placed between two magnets that create a 

uniform magnetic field of strength 0.2 mT. The loop is rotated with a frequency of 50 Hz in the direction 

shown in Figure 4. The ends of the loop are connected to a split-ring commutator to create a DC generator. 

The loop is initially in the position shown in Figure 4. - 

Y pons 

_—_ LZ (Je 

   
  

    
  

        
  

  

  fg se i / 
Concha wld % Ths 

cies Fury lo gh confiserl 
V Figure 4 

a. In which direction — clockwise or anticlockwise — will the induced current travel through the loop for 

the first quarter turn as seen from above? E leo v changes Brom 0 a 2, ‘wac-t, Cs 

—— | ea tic opposes Hat change le ie, t 

b. Calculate the average EMF measured in the loop for the first quarter turn. 3 marks 

po~ NSE = _ yw Hex8 
_— YN Ae ee a 
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c. On the axes provided below, sketch the output EMF versus time, /, for the first two rotations. Include a 
scale on the horizontal axis. 3 marks 

EMF 

a 
  aa 

| 0.02 Ody 

d. Suggest two modifications that could be made to the apparatus shown in Figure 4 that would increase 
the output EMF of the DC generator. 2 marks 
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Question 6 (6 marks) 

Two Physics students hold a coil of wire in a constant uniform magnetic field, as shown in Figure 5a. The 

ends of the wire are connected to a sensitive ammeter. The students then change the shape of the coil by 

pulling each side of the coil in the horizontal direction, as shown in Figure 5b. They notice a current register 

on the ammeter. . / 

; Pld IW 
x 

    

               

  

  

      

x x x X X X 

x x x AX 

x x 

x x 

x x 

x 
ra 

[ag 

i 

ammeter ammeter (7p) 

Figure 5a Figure 5b 2s 
= 

a. Will the magnetic flux through the coil increase, decrease or stay the same as the students change the ra 

shape of the coil? ¢ 7 Ly 1 mark bral 

Current on A uneter- a M 
o ? “ 

D 27 Inoluced Current = 
Z, 2 - ae 

ANCWAE | =7 Flix Chany CS Veena . o 
( 

_b. _ Explain, using physics principles, why the ammeter registered a current in the coil and determine the cs 

direction of the induced current. 3 marks 

Flux inks pogo decreases. a 
_L eas” 5 tw- sales an ncliced Cer ert 
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c The students then push each side of the coil together, as shown in Figure 6a, so that the coil returns to 

its original circular shape, as shown in Figure 6b, and then changes to the shape shown in Figure 6c. 

x xX X X x 

x, 

  
  

                   
  

    

ammeter ammeter ammeter 

Figure 6a Figure 6b Figure 6c 

Describe the direction of any induced currents in the coil during these changes. Give your reasoning. 2 marks ee 

ba Fhe Fly nertitsei ite fige 

Pl ads el dad of (e4qe. : 

=? Kil bry inele cool wurnenl Pbchokndz 
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Question 7 (5 marks) 

A rechargeable electric toothbrush uses a transformer circuit, as shown in Figure 7. A secondary coil inside 

the toothbrush is connected, via an iron core, to a primary coil that is connected to the mains power supply. 

The mains power is 240 Vays and the toothbrush recharges at 12 Vas. The average power delivered by 

the transformer to the toothbrush is 0.90 W. Assume that the transformer is ideal. 
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transformer circuit to 
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primary coil 12 Vems 

zB secondary coil 5 

240 Vems = inside toothbrush a 

am [ag 

x 

iron core yu 

ao 

Figure 7 a 

a. Calculate the peak voltage in the secondary coil. Show your working. 2 marks ra 
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¢. Calculate the RMS current in the primary coil while the toothbrush is charging. Show your working. 2 marks 

Ihe Tees toveee~ => lower Premary = foe Seondang 

P=eVI 

O-D= ox 

T= 3-75%)0 9A. 

= 3-75 mA 
-3-G mf 

    

    

  

    a 
  

Ne tes Powe Debveredl fy Tranbormey - OIOW 

10. foaver sendy -0:90 W 

3 
yaa 

jag 
c¢ 

2) 

AG, 
— 

Pa 

s Vell mM Fremany = 240 V. 

W
R
I
T
E
 

D
O
 

N
O
T
 

      

SECTION B — continued 

TURN OVER



2020 PHYSICS EXAM 24 

Question 8 (6 marks) 

Figure 8 shows a small ball of mass 1.8 kg travelling in a horizontal circular path at a constant speed while 

suspended from the ceiling by a 0.75 m long string. 

     

    

ML LMM MULL. citing, 

anes henna a 

ball ' ‘ only [ag 

cee , ida 4 

| Grainy, yA 
ma Figure 8 } etn = 

~ ttle Y E 

a. Use labelled arrows to indicate on Figure 8 the two physical forces acting on the ball. 2 marks 
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b. Calculate the speed of the ball. Show your working. 4marks [im 
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Question 9 (5 marks) 

An ideal spring is compressed by 0.15 m. A ball of mas 0 kg is placed in contact with the compressed 

spring. The spring is then released, causing the ball to move horizontally, with a velocity of v, across a 

smooth surface, as shown in Figure 9. 

Spring Pebilind E > Kiselé E. 

  
  

ground 

Hib Figure 9 

a. If the spring constant is 1250 N m™!, show that the magnitude of the initial velocity, v, of the ball is 
12ms°|, correct to two significant figures. Show your working. 2 marks 
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b. Calculate the speed of the ball after it has fallen a vertical distance of 7 2.5 m. Show your working. 3 marks 
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Question 10 (12 marks) 

Jacinda designs a computer simulation program as part of her practical investigation into the physics of 

vehicle collisions. She simulates colliding a car of mass 1200 kg, moving at 10 ms -|, into a stationary 

van of mass 2200 kg. After the collision, the van moves to the right at 6.5 m sh, This situation is shown in 

Figure 10. 

Before collision 

  

      
  

  

      
  

—> 10ms! 

1200 kg 2200 kg 
O O 0 0 

car van 

After collision 
a —> 65ms! 

We 

1200 kg 2200 kg 
O O ° ° 

car van 

ve 
i” Figure 10 

a. Calculate the speed of the car after the collision and indicate the direction it would be travelling in. 

Show your working. 4 marks 
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b. Explain, using appropriate physics, why this collision represents an example of either an elastic or an 

  

    

    

  

inelastic collision. 3 marks 
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c. The collision between the car and the van takes 40 ms. GO Xi? = 2 — 

i. Calculate the magnitude and indicate the direction of the average force bn the vanlby the car. 3 marks 
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Question 11 (4 marks) 

An astronaut has left Earth and is travelling on a spaceship at 0.800c (y = 1.67) directly towards the star 

known as Sirius, which is located 8.61 light-years away from Earth, ag measured by observers on Earth. 

a. How long will the trip take according to a clock that the astronaut is carrying on his spaceship? Show 

your working. 2 marks 

ae Aaleonas AL. 
  

    

  

to. tne ob, x|-67 

= 4 = WTL gears. | 3 abe blige 
  

    
A o g GE years 

b. _ Is the trip time measured by the astronaut in part a. a proper time? Explain your reasoning. 2 marks 
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Question 12 (5 marks) 

In a Young’s double-slit interference experiment, laser light is incident on two slits, S; and S, that are 

4.0.x 10~4 m apart, as shown in Figure 11a. 
tase 

Rays from the slits meet on a screen 2.00 m from the slits to produce an interference pattern. Point C is at 

the centre of the pattern. Figure 11b shows the pattern obtained on the screen. 
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Figure lla 
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There is a bright fringe at point P on the screen. 

Explain how this bright fringe is formed. 

pis Lhe Mewwith Bright Cringe 
2 Path. dilbrence oh feeer- Wavelee. cele 

bead bell. ud bol. Ble 
, . . : . . gress 9 

The distance from the central bright fringe at point C to the bright fringe at point P is 1.26 x 107m 

— 2 Conkpuclict. (taba LE lerinae. - 

  

Calculate the wavelength of the laser light. Show your working. 
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Question 13 (4 marks) 

A.0.8 m long guitar string is set vibrating at a frequency of 250 Hz. The standing wave envelope created in 

the guitar string is shown in Figure 12. 
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Figure 12 — = igure Ww 

a. Calculate the speed of the wave in the guitar string. 2 marks 
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b. The frequency of the vibration in the guitar string is tripled to 750 Hz. 
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= On the guitar string below, draw the shape of the standing wave envelope now created. 2 marks 

    

D
O
 

N
O
T
 

OK N edd. 

Neto: Fig 12 shows a one SPUD 

f{ x3. on DASHED. | 

—7 New well Shem 3 xb 

or 1k S       
SECTION B - continued



i 
ea 

[ad 

P< 

w 

a5 
cS 

Zz 

Y
s
 

a 
be

es
 

D
O
 

N
O
T
 

  

31 

Question 14 (3 marks) 

Figure 13 shows a representation of an electromagnetic wave. 

Correctly label Figure 13 using the following symbols. 

E- electric field B—magnetic field c— speed of light 2—wavelength 

  

Figure 13 
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Question 15 (4 marks) 

The metal surface in a photoelectric cell is exposed to light of a single frequency and intensity in the 

apparatus shown in Figure 14. 

The voltage of the battery can be varied in value and reversed in direction. 

      

  

        

  

light photoelectric cell 

1 | 
I x 
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Figure 14 x 

a. Agraph of photocurrent versus voltage for one particular experiment is shown in Figure 15. 2) 

On Figure 15, draw the trace that would result for another experiment using light of the same (ies 

frequency but with triple the intensity. ? 2marks —iEe 
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Figure 15 (eo) 

(a) 

b. What is a name given to the point labelled A on Figure 15? 1 mark 
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c. Why does the photocurrent fall to zero at the point labelled A on Figure 15? I mark | 
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Question 16 (5 marks) 

A beam of electrons travelling at 1.72 x 10° ms illuminates a crystal, producing a diffraction pattern as 

shown in Figure 16. Take the mass of an electron to be 9.1 x 10-3! kg. Ignore relativistic effects. 
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wn a. Calculate the kinetic energy of one of the electrons. Show your working. 2 marks 
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md spacing as that produced by the electron beam. 

S Calculate the energy of one X-ray photon. Show your working. bh c 3 marks 
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Question 17 (5 marks) 

Figure 17 shows the emission spectrum for helium gas. 
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Figure 17 

a. Which spectral line indicates the photon with the lowest energy? 1 mark 
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b. Calculate the frequency of the photon emitted at the 588 nm line. Show your working. 2 marks 
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Explain why only certain wavelengths and, therefore, certain energies are present in the helium 

spectrum. 2 marks 
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Question 18 (16 marks) 

Students are modelling the effect of the resistance of electrical cables, r, on the transmission of electrical 

power. They model the cables using the circuit shown in Figure 18. 

resistance of electrical cables, r 

—e—-L___ k— 
24 Voc constant 

—== power supply resistance >) 
(modelling globe, R 
mains power)       

Figure 18 

a. The 24 Vpc power supply models the mains power. 

Describe the effect of increasing the resistance of the electrical cables, r, on the brightness of the 

constant resistance globe, R. 2 marks 
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The students investigate the effect of changing 7 by measuring the current in the electrical cables for a range 
of values. Their results are shown in Table 1 below. 

  

  

  

  

  

            

    

  

  

Table 1 

Resistance of cables, r (Q) Current in cables, i (A) Liat) 
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(7p) b. Identify the dependent and the independent variable in 1 experiment. Give your jive your reasoning. 2 marks 
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= Show that this equation is true for the circuit shown in Figure 18. Show your working. 2 marks 
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d. Calculate the values of j and write them in the spaces provided in the last column of Table 1. 2 marks 
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f. Use the straight line of best fit to find the value of the constant resistance globe, R. Give your 

reasoning. 2 marks 
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