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Part A
Total marks (12)

* Attempt Questions 1-12
* Allow about 20 minutes for this part

Question 1.

The following diagram is the displacement-time graph for a moving object

Displacement

Time

Which of the following statementsis true?

(A)  Theaverage speed of the object over the interva from A to B isless than the instantaneous
speed of the object at point A.

(B) Theaverage speed of the object over the interval from A to B is equal to than the instantaneous
speed of the object at point A.

(C) Theaverage speed of the object over the interval from A to B is greater than the instantaneous
speed of the object at point A.

(D)  The speed of the object over theinterval from A to B is changing so we cannot find an average.

Question 2:

A sled of mass mis coasting on theicy surface of afrozen river. Whileit is passing under abridge, a
large person of equal mass m drops straight down and lands on the sled (without causing any damage).
The ded plus the added |oad then continue along the original line of motion.

How does the kinetic energy of the sled + load compare with the original kinetic energy of the sled?

(A)
(B)
©)
(D)

It is 1/4 the original kinetic energy of the sled.

Itis 1/2 the original kinetic energy of the sled.

It isthe same asthe original kinetic energy of the sled.
It istwice the original kinetic energy of the sled.



Question 3:

A stunt person jumps from the roof of atall building, but no injury occurs because the person lands on a
large, air-filled bag. Which one of the following best describes why no injury occurs?

(A)  Thebag provides the necessary force to stop the person.

(B)  The bag reduces the impulse to the person.

(C)  Thebag increases the amount of time the force acts on the person and reduces the changein
kinetic energy.

(D)  Thebag increases the amount of time during which the kinetic energy is changing and reduces
the average force on the person.

Question 4.

A standing wave with a 36 centimetre wavelength is established along a horizontal string. If point P on
thisstring is atrough or crest (antinode), what is the horizontal distance between point P and the closest
node (equilibrium point)?

(A) 36cm
(B) 18cm
(C) 27cm
(D) 9cm
Question 5:

The following table gives the values for some wave variables.

type of wave frequency (Hz) wavelength (m) speed (ms)
sound in air (bass guitar) 220 15 X
sound in air (whistle) Y 0.1 330
sound in water (whale) 50 Z 1500

Thevauefor X, Y and Z respectively are:

(A) 330, 3300, 30
(B) 30,330, 3300
(C) 3300, 30, 330
(D) 330, 30, 3300



Question 6:
All of the following statements are true of light waves, sound waves, and radio waves EXCEPT:

(A) Ther wavelengths depend upon the medium in which they are travelling.
(B) They belong to the electromagnetic spectrum.
(C) They undergo refraction in accordance with Snell's law.

(D) For point sources, they obey the inverse-square law of intensity.

Question 7:

A circuit is set up with two resistors of equal value in series, as shown below. The voltage acrossR1 is
8V. What isthe voltage provided by the power supply?

< V=8

R1 R2

(A) 4V
(B) 8V
(©) 12V
(D) 16V
Question 8:

Which of the following would decrease the resistance of a piece of wire?

(A)  changing its material from gold toiron
(B)  increasing its cross sectiona area
(C) increasing itslength

(D) increasing itstemperature

Question 9:

A circuit contains two 100 Q globes connected in series with a battery. What is the total circuit
resistance?

(A)  50Q

(B) 100Q
(C) 2000
(D) 250Q



Question 10:

The diagram below shows amodel of the Universe as developed by Tycho Brahe.

What is its main problem, when judged from a modern perspective?
(A) It showsthe planets going around the Sun

(B) It showsthe stars outside the planets

(C) It showsthe Sun going around the Earth

(D) It showsthe planetstravelling in circular paths

Question 11:

How can we explain the formation of the heaviest e ements observed in the Universe with our current
understanding of matter and energy?

(A)  Theconversion of radiant energy into mass soon after the Big Bang
(B)  Nuclear fusion during a supernova explosion
(C)  Nuclear fusion inside Main Sequence stars

(D)  Nuclear fusion inside Supergiant stars



Question 12

The diagram below shows three kinds of nuclear radiation X, Y and Z, passing through an electric field.

> 1™ Electric field
~ (to the right)

e -

Which kinds of nuclear radiation are X, Y and Z?
(A) apha, beta, gamma
(B) apha, gamma, beta
(C)  beta, alpha, gamma

(D) beta, gamma, apha



Part B

Total marks (56)
* Attempt Questions 13 — 22
* Allow about 1 hour and 40 minutesfor this part
Question 13: (3 marks)

The following diagram depicts threewaves X, Y and Z over aperiod of one second as seen

on an oscilloscope. The speed of these wavesis 300 ms™.
- 1 second -

(8 Determinethe frequency of Y. 1
(b) Calculate the wavelength of Y 1
(c) Describe the difference you would hear between X and Z if these are sound waves. 1



Question 14: (7 marks)

A ship searching for a sunken treasure chest was making use of a powerful beam of blue light
which could penetrate to great depths of the ocean. The diagram below shows the

arrangement.
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The refractive index for blue light in seawater is 1.33 and for air is 1.00.

(@ Giventhe aboveinformation how would you expect the speed of light in air to compare
with the speed of light in the sea water?

(b) Calculate the angle 61, at which the light must shine on the water so that it hits the
sunken chest as shown in the diagram.



(c) State how therefractive index for red light in sea water would differ compared to the
blue light used. Give areason for your answer.

(d) The searchers aboard the ship used a camera attached to optical fibre to investigate the
sunken chest. Using the diagrams below, outline how total internal reflection isused in
optical fibres.

Tacket
Clors Cladditg
Fi
/ \

—lazs of plastic aors Ang]ﬁ af Angle .-:-f
—Lagar or light amitting dicds Light: iteidetics reflaction
—Specially designad jacket

—Small size and wadght

Cptical Fiber



Question 15: (4 marks)

Radio telescopes, like the one pictured gather el ectromagnetic radiation (EMR) from space
and provide a means for the exploration of the universe.

(@) Draw aray diagram to show the path of the EMR asit is gathered by the radio telescope
and hence explain why the radio telescope has such a distinctive shape.

(b) Theintensity of the radiation collected isvery low. Explain, using an appropriate
example and equation, why thisis so.
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Question 16: (6 marks)

@ “She moves at a constant speed in a constant direction.”
Write a sentence which gives the same information in fewer words. 1

The figure shows a sequence of positions for two racing tractors.

o= on om Oh Of OmONOM

t=0s t=1s =2s t=3s =4 s t=hs f=6s t=7s

-_ﬁ B-_ﬁ B-_ﬁ

=13 =23 t=3s

(b) Examine the motion of the tractors as the race progresses.
The drawing is scaled at 1:100 2
Complete the following table to calculate the average velocity of each tractor per
second for each interval shown in the diagram.

Time

Black
Tractor

White
Tractor

(c) Draw avelocity time graph on the grid below for both the black tractor and the white 3
tractor. Use the same set of axes for both graphs.

11




Question 17: (8 marks)

A high-speed bus and an innocent bug have a head-on collision. The force of impact
splatters the poor bug over the windshield.

(a) Istheforcethat the bug exerts against the windshield greater, less, or the same as the
force the bus exerts on the bug?

(b) Isthe resulting deceleration of the bus greater than, less than, or the same as that of the
bug? Use appropriate formula(s) to explain your answer.

The bus hasamass 500 kg. Itistravelling at 10 ms* east when it comes to a roundabout
of radius 20 m. After turning as shown, it was travelling at 10 ms™* to the west.

10 mfs A
>

20m

/

10 m/s

-
B

(c) Determine the size and direction of the centripetal force acting on the bus asit is
going around the roundabout.

(d) Calculate the change in momentum the bus experiences from just before it enters the
roundabout to leaving the roundabout.

12



() Modern buses are fitted with safety belts. Use Newton’s Lawsto explain the
function of a safety belt.

Question 18: (4 marks)
Below isadiagram of a positive point charge, Q and a nearby point P which is uncharged.

a) Draw the€dectricfield lines surrounding the point charge, Q.

@ oP

b)  Anelectronisnow placed at point P.
The electric field strength at P due to the point charge at Q is 8x10%° NC*
Cdl culate the magnitude and direction of the force on the electron.

13



Question 19: (5 marks)

The following graph shows how the potential difference varies with current for two resistors
A and B.

—
]

voltage (V)
e = N = N o ¥ 5 N+ - e N+ N %
H"‘\-_

=

[~

05 1.0 15 20 25
current (A

(& Which resistor has the highest resistance value?

(c) Theseresistors were connected in parallel, as shown below. On the diagram show where
you would connect an ammeter to measure the current in B.

12V

14



Question 20: (5 marks)
Look at the circuit diagram to answer part (a).

} y f/_@ Qs
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(c) Explain why there are different circuits for heating, lighting and other appliancesin a
house.



Question 21 (6 marks)

Early in the 20" century Edwin Hubble studied the light coming from starsin galaxies
outside the Milky Way. He found that their velocities relative to the Milky Way followed a
pattern as shown in the graph below.
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(& Outline how Hubble applied the Doppler Effect to determine the velocities of the

galaxies.
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(o) Identify one other piece of evidence which supports the Big Bang theory.

Question 22 (8 marks)

The graph below is a Hertzsprung-Russell diagram with the position of the Sun indicated in
the Main Sequence.
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(& On the H-R diagram above, draw the expected path of the evolution of the Sun after it
leaves the Main Sequence.
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(b) The diagram below represents a graph of Intensity of radiation emitted from the Sun as a
function of Wavelength.

Intensity
(W.m?)

Wavelength (A) (nm)

On the same diagram, sketch the Intensity vs Wavelength graph for atypical blue Super
Giant.

() The Sun produces energy by the nuclear fusion of hydrogen into helium. A simplified
equation for one kind of nuclear fusion is as follows:

4H* — He* + 26" + 2v + energy

During this process mass is converted into energy. If the luminosity (rate of energy output)
of the Sunis 3.9 x 10?° J/s, calculate the rate at which massis being 'lost' from the Sun.

18



(d) The photograph below shows a group of sunspots on the surface of the Sun.

END OF PAPER
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Part A
Total marks (12)

* Attempt Questions 1-12
* Allow about 20 minutes for this part

Question 1.

The following diagram is the displacement-time graph for a moving object

Displacement

Time

Which of the following statementsis true?

(A)  Theaverage speed of the object over the interva from A to B less than the instantaneous speed
of the object at point A?

(B) Theaverage speed of the object over the interval from A to B equal to than the instantaneous
speed of the object at point A?

(C) The average speed of the object over theinterval from A to B greater than the instantaneous

speed of the object at point A?

(D)  The speed of the object over theinterval from A to B is changing so we cannot find an average.

Question 2:

A sled of mass mis coasting on theicy surface of afrozen river. Whileit is passing under abridge, a
large person of equal mass m drops straight down and lands on the sled (without causing any damage).
The sled plus the added |oad then continue along the original line of motion.

How does the kinetic energy of the sled + load compare with the original kinetic energy of the sled?

(A) Itisl/4theorigina kinetic energy of the sled.

(B) Itisl/2theoriginal kinetic energy of thesed.

(C) Itisthe same asthe original kinetic energy of the sled.
(D) Iltistwicethe original kinetic energy of the sled.




Question 3:

A stunt person jumps from the roof of atall building, but no injury occurs because the person lands on a
large, air-filled bag. Which one of the following best describes why no injury occurs?

(A)  Thebag provides the necessary force to stop the person.

(B)  The bag reduces the impulse to the person.

(C)  Thebag increases the amount of time the force acts on the person and reduces the changein
kinetic energy.

(D) Thebagincreasesthe amount of time during which the kinetic energy is changing
and reduces the aver age for ce on the per son.

Question 4:

A standing wave with a 36 centimetre wavelength is established aong a horizontal string. If point P on
this string is atrough or crest (antinode), what is the horizontal distance between point P and the closest
node (equilibrium point)?

(A) 36cm
(B) 18cm
(C) 27cm
(D) 9cm
Question 5:

The following table gives the values for some wave variables

type of wave frequency (Hz) |wavelength (m) speed (ms™)
sound in air (bass guitar) 220 15 X
sound in air (whistle) Y 0.1 330
sound in water (whale) 50 4 1500

Thevauefor X, Y and Z respectively are:

(A) 330, 3300, 30

(B) 30, 330, 3300
(C) 3300, 30, 330
(D) 330, 30, 3300



Question 6:
All of the following statements are true of light waves, sound waves, and radio waves EXCEPT:

(A) Ther wavelengths depend upon the medium in which they are travelling.

(B) They belong to the electromagnetic spectrum.

(C) They undergo refraction in accordance with Snell's law.

(D) For point sources, they obey the inverse-square law of intensity.

Question 7:

A circuit is set up with two resistors of equal value in series, as shown below. The voltage acrossR1 is
8V. What isthe voltage provided by the power supply?

< V=8

R1 R2

(A) 4V
(B) 8V
(© 12V
(D) 16V
Question 8:

Which of the following would decrease the resistance of a piece of wire?

(A)  changing its material from gold toiron

(B) increasing itscrosssectional area

(C) increasing itslength

(D) increasing its temperature

Question 9:

A circuit contains two 100 Q globes connected in series with a battery. What is the total circuit
resistance?

(A)  50Q



(B) 100Q

(C) 2000
(D) 250Q
Question 10:

The diagram below shows amodel of the Universe as devel oped by Tycho Brahe.

What is its main problem, when judged from a modern perspective?
(A) It showsthe planets going around the Sun

(B) It showsthe stars outside the planets

| (C) It showsthe Sun going around the Earth

(D) It showsthe planetstravelling in circular paths

Question 11:

How can we explain the formation of the heaviest e ements observed in the Universe with our current
understanding of matter and energy?

(A)  Theconversion of radiant energy into mass soon after the Big Bang

| (B) Nuclear fusion during a super nova explosion

(C)  Nuclear fusion inside Main Sequence stars

(D)  Nuclear fusion inside Supergiant stars



Question 12

The diagram below shows three kinds of nuclear radiation X, Y and Z, passing through an electric field.

> 1™ Electric field
~ (to the right)

————

+ 4+ o+ +
|
]

Which kinds of nuclear radiation are X, Y and Z?
(A) apha, beta, gamma
(B) apha, gamma, beta

(C)  beta, alpha, gamma

| (D) beta, gamma, alpha




Part B

Total marks (56)
* Attempt Questions 13 — 22
* Allow about 1 hour and 40 minutesfor this part
Question 13: (3 marks)

The following diagram depicts three waves X, Y and Z over aperiod of one second as seen

on an oscilloscope. The speed of these wavesis 300 ms™.
- 1 second -

(&) Determine the frequency of Y. 1
8 Hz.
(b) Calculate the wavelength of Y 1

v=fh 300=8x A

A=375m

(c) Describe the difference you would hear between X and Z if these are sound waves. 1

X would have alower pitch than Z. (they would have the same loudness)



Question 14: (7 marks)

A ship searching for a sunken treasure chest was making use of a powerful beam of blue light
which could penetrate to great depths of the ocean. The diagram below shows the
arrangement.

N

1
1
1
1
1
:
1
Oo0o0o0O0O0 N
1

The refractive index for blue light in seawater is 1.33 and for air is 1.00.

(@ Giventhe aboveinformation how would you expect the speed of light in air to compare
with the speed of light in the sea water?

The speed of light would be slower in water.

(b) Calculate the angle 61, that the light must shine on the water so that it hits the sunken
chest as shown in the diagram.

sini

sinr
sinr = 1000 (r =30.46")

vJ100Q? + 17007

sinr =0.507

sini =1.33x 0.507
i =sin™0.659

i =424

(Y2egn, ¥2sinr, Y2 correct sSUbst, 72 aNSWEr )...cccveveecceeeceeccieecee e,



(c) State how therefractive index for red light in sea water would differ compared to the
blue light used. Give areason for your answer.

Therefractiveindex for red light would belessthan that for bluelight. (1) Thiscan
be seen in a rainbow in which whitelight is split into the colours. The blueturnsto a

greater extent than thered (1)

(d) The searchers aboard the ship used a camera attached to optical fibre to investigate the
sunken chest. Using the diagrams below, outline how total internal reflection isused in

optical fibres.
Tacket
Core Cladditg
5\ P
Fi 3
F \
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Optical fibre hasa high density corewith alower density cladding. (%) If light
entersthefibreat greater than thecritical angle (%2) then it will not beableto
refract but instead isreflected at the interface. (%) Thismeansthe light will
“bounce” along the length of the fibre. ( ¥2)



Question 15: (4 marks)

Radio telescopes, like the one pictured gather electromagnetic radiation (EMR) from space
and provide a means for the exploration of the universe.

(d) Draw aray diagram to show the path of the EMR asit is gathered by the radio telescope
and hence explain why the radio telescope has such a distinctive shape.

(1)

Thedish focusestheraysto a single point for collection. (1)

(b) Theintensity of the radiation collected isvery low. Explain, using an appropriate
example and equation, why thisis so.

The EMR istaken asif it emanatesfrom a point source. Theintensity will be subject
. k
totheinversesquarelaw (%2). | = 47 (¥2) TheEMR comesfrom starsthat area

great distanceaway. (1)

10



Question 16: (6 marks)

@ “She moves at a constant speed in a constant direction.”
Write a sentence which gives the same information in fewer words. 1
Sheis moving with constant velocity.
The figure shows a sequence of positions for two racing tractors.
om oh o On Oh O\ONOM
t=0s =1s =25 i=3s t=4 5 t=bs t=6s {=7s
Ok O O
t=1s t=2s t=3s
(b) Examine the motion of the tractors as the race progresses.
The drawing is scaled at 1:100 2
Complete the following table to calculate the average velocity of each tractor per
second for each interval shown in the diagram.
( Y2 times, Y2 speed and time units, ¥2 Black [allow .1 tolerance], ¥2 white)
Time(s) 0.5 15 2.5 35 4.5 55 6.5
Black Tractor | 2.5 2.4 2 1.7 1.4 12 11
(ms?h)
White Tractor | 1.7 1.7 1.7 1.7 1.7 1.7 1.7
(msh)
Draw avelocity time graph on the grid below with plotting both the black tractor and the 3

white tractor.
(12 axeslabels heading, ¥2 mark L OBF black, 1 mark correct plotting)

Velocity Time for Tractors

Time (s)

3 —_
2.5 + black speed m/s
) 2 B
E < = white speed m/s
2 1.5 - :
S N~ — Linear (black
—~
o) 1 speed m/s)
= — Linear (white
0.5 speed m/s)
0] i
0] 1 2 3 4 5 6 7
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Question 17: (8 marks)

A high-speed bus and an innocent bug have a head-on collision. The force of impact
splatters the poor bug over the windshield.

(a) Istheforcethat the bug exerts against the windshield greater, less, or the same as the
force the bus exerts on the bug?

Same.

(b) Isthe resulting deceleration of the bus greater than, less than, or the same as that of the
bug? Use appropriate formula(s) to explain your answer.
Thebusdeceleration ismuch lessthan that of the bug. According to F=ma since
the mass of the busis significantly mor e than the mass of the bug, and the applied
forceto each isthe same, the buswill havethe smaller acceleration.

The bus has amass 500 kg. It istravelling at 10 ms? east when it comes to a roundabout
of radius 20 m. After turning as shown, it was travelling at 10 ms* to the west.

10 m/s A
>

20m

/

-« 10 mis

B

(c) Determine the size and direction of the centripetal force acting on the busasitis
going around the roundabout.

E - mv’  500x10
N 20

(Y2eqn Y2 correct subst, %2 answer, Y2 unit)

= 2500N towardsthecentreof thecircle.

(d) Calculate the change in momentum the bus experiences from just before it enters the
roundabout to leaving the roundabout.

Ap=mv2-mvi(Y¥) TakeWest aspositivedirection (%2)
Ap = m(v2— V1)

Ap =500(10 — (- 10)) ( %)

Ap =10000 Nm ( Y2 units)

12



() Modern buses are fitted with safety belts. Use Newton’s Lawsto explain the
function of a safety belt.

1% Law — a moving body will continuein its motion until acted on by an external force.
(¥2) Soin ahead-on crash an unrestrained per son will continue to move forward. ( ¥2)

The seat belt suppliestheforceto stop the forward movement of the person. (1)

Question 18: (4 marks)
Below isadiagram of a positive point charge, Q and a nearby point P which is uncharged.

a) Draw the€dectricfield lines surrounding the point charge, Q.
( 1 for arrangement of field, 1 direction )

/.
/TN

b)  Anéelectronisnow placed at point P.
The electric field strength at P due to the point charge at Q is 8x10%° NC*
Cdl culate the magnitude and direction of the force on the electron.

oP

F=Eq
F=8x10%x1.6x10" (%2 dir + Y2 electron charge + %2 answer + %2 unit)
F=128x10%¥N  TowrdsQ

13



Question 19: (5 marks)

The following graph shows how the potential difference varies with current for two resistors
A and B.

—
]

voltage (V)
e = N = N o ¥ 5 N+ - e N+ N %
H"‘\-_

=

[~

05 1.0 15 20 25
current (A

(& Which resistor has the highest resistance value?

Resistor A.
(b) Calculate the value of the resistance of the resistor you identified in part (a).

V=IR

R =V/I (thisisthegradient) ( %2)

gradient= AV
Al

= ﬂ( 1 correct substitution ) + (%2 units)
1.0-0

=8Q

(c) Theseresistors were connected in parallel, as shown below. On the diagram show where
you would connect an ammeter to measure the current in B.

12V

14



Question 20: (5 marks)
Look at the circuit diagram to answer part ().

Ny f/_@ Qs
\sg - Ge & © {9
. ._ S}/ .. | o | ﬁeﬁ ﬁ(}g

N~ N

(@ Identify the globes that will be on if only switches Si, Sg, S4, and Sy are closed.
Globes1,2,3,5,6,7,8,9
(b) Explainwhy it isessential for voltmeters to have a very high resistance.

Voltmeters have a high resistance asthey are to measure the potential difference ( %
) acrossa circuit element. They are connected in parallel (%2) to the element and
the high resistance ensuresthe voltmeter does not draw any current away (%2 ) from

thecircuit e ement and change the voltage drop through that element ( %2).

(c) Explain why there are different circuits for heating, lighting and other appliancesin a
house.

Different appliancesrequire different amounts of energy ( %2), which resultsin
different amounts of current necessary to power one appliance compar ed to another.
Heatersand ovens are high current devices whereaslights need relatively small
currents(%). If all applianceswere on the same circuit then some would get much

greater current (%2 ) than necessary which could damage them or result in fire. (%)

15



Question 21 (6 marks)

Early in the 20" century Edwin Hubble studied the light coming from starsin galaxies
outside the Milky Way. Hefound that their velocities relative to the Milky Way followed a
pattern as shown in the graph below.

200000
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(&) Outline how Hubble applied the Doppler Effect to determine the velocities of the

galaxies.
o Used the spectral lines of the elements. (1 mark)

o Observed how the wavelengths of the same spectral lines of the elements had
changed in the stars of other galaxiesrelative to those observed on Earth.
(2 mark)

o Used the change in wavelength / frequency and the Doppler equationsto calculate
the speed of the galaxiesrelativeto the Earth. (1 mark)

o The bigger the Doppler shift, the greater the velocity. (1 mark)

o Showed that most galaxies are moving away from Earth, dueto the'red' shifti.e.

the shift to longer wavelengths. (1/2 mark)
(Max. 3 marks)
(b) Explain why this graph is evidence for the Big Bang theory of the origin of the Universe.

o The graph showsthat most galaxies are moving away from Earth, and the further

away they are, thefaster they are moving. (1 mark)

o Thisiswhat would be expected if the Univer se wer e expanding (everything
moving away from everything else) i.e. at one point in the past they were much

closer, as predicted by the Big Bang theory. (1 mark)

16



(o) Identify one other piece of evidence which supports the Big Bang theory.
o Background microwave radiation.
o Proportions of theelementsH, Heand Li present in the Univer se.

(1 mark for 1 point)

Question 22 (8 marks)

The graph below is a Hertzsprung-Russell diagram with the position of the Sun indicated in
the Main Sequence.
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(& On the H-R diagram above, draw the expected path of the evolution of the Sun after it
leaves the Main Sequence.

o The path should star at the present position of the Sun,
o gotothe Red Giant section (1/2 mark),
o and end up at the White Dwarf section (1/2 mark).

Don't worry about any other complicationsin the path.
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(b) The diagram below represents a graph of Intensity of radiation emitted from the Sun as a
function of Wavelength.

Intensity
(W.m?)

Wavelength (A) (nm)

On the same diagram, sketch the Intensity vs Wavelength graph for atypical blue Super
Giant.

o Curve must be entirely above the given curve at all points (1/2 mark)
o and the peak wavelength must be at a shorter wavelength than the given curve.
(/2 mark)

(c) The Sun producesit energy by the nuclear fusion of hydrogen into helium. A simplified
equation for one kind of nuclear fusion is as follows:

4H* — He* + 26" + 2v + energy

During this process mass is converted into energy. If the luminosity (rate of energy output)
of the Sunis 3.9 x 10?° J/s, calculate the rate at which massis being 'lost' from the Sun.

o Therate of energy production and rate of masslossarerelated by Einstein's
equation: E =mc2.

e  Themassequivalent of 3.9 x 10% J isgiven by:

m=E/c? = (3.9x10%)/(3x 10%)? = 4.3x 10°kg

So therate of masslossis 4.3 x 10° kg/s

(/2 mark for correct equation to find m; 1 mark for correct substitution; ¥2mark for

correct answer; Y2mark for unit)
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(d) The photograph below shows a group of sunspots on the surface of the Sun.
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(i) Describe the nature of sunspots.

Regions of strong magnetic activity. (1/2 mark)
Regions of lower temperaturerelativeto therest of the photosphere. (/2 mark)
Peak in number occursabout every 11 years. (1/2 mark)

Associated with increased solar wind. (1/2)

(Max. 1 mark)

(ii) Explain how increased sunspot activity could cause problems on Earth.

Increased sunspot activity may be associated with increased solar wind from the
Sun reaching the Earth. (1 mark)

The solar wind is composed of high speed charged particles (mainly protons &
electrons). (1 mark)

The particles may be deflected by the Earth's magnetic field and trapped in the
van Allen belts, but somereach the Earth's surface, increasing at times of high
solar wind. (1 mark)

The particles of the solar wind can affect power grids on Earth (1 mark) and the

oper ation of communication satellites. (1 mark)

(Max. 3 marks)

END OF PAPER
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