Section I

20 marks

Attempt Questions 1-20
Alow about 35 minutes for this section

Use the Section I answer sheet for Questions 1-20.

1. Which one of the following is NOT one of Kepler’s Laws?

A) The planets move in elliptical orbits with the Sun at one focus.

B) The line connecting a planet to the Sun sweeps out equal areas in equal intervals of time.

C) For every planet, the ratio of the cube of the average orbital radius, , to the square of the

period of revolution, 7, is the same constant, k, as in the equationr*/ T2 =k.
D) The weight of an object on the Earth’s surface is due to the gravitational attraction of Earth

2. A far-off star has been found to have three planets orbiting it. Information concerning these

planets is shown below.

Use the following information to answer questions 4 and 5.

In 1979, Mr Blunden went on the ride, The Rotor, at Luna Park and felt very ill afterwards. The Rotor
consists of a drum rotating at an increasing rate, until Mr Blunden and his friends remained suspended
when the floor dropped away.

4. Which statement best explains why Mr Blunden and his friends were suspended?

A)  The gravitational force balances both the centripetal force and horizontal forces.

B)  The unbalanced centripetal force from the wall pushed Mr Blunden and his friends to
the wall causes them to retain their position.

C)  The horizontal frictional force, plus the gravitational force combine to hold them in

place.

Planet Radius in metres Period is seconds
PK1 ? 42x10*%
I PK2 9.84 x 108 8.4x10*%
PK3 1.56 x 10; 1.68x10%

D) The centripetal force, due to the drum’s rotation, and the reaction force of the wall, are
in balance.

5. Before the floor is lowered, the drum needs to rotate at velocity, v. This produces a centripetal

Scientists had to determine the nearest planet’s orbital radii mathematically.
What would the calculated radii of PK1 be?

‘A) 2.46x10'm
B) 492x10'm
C) 4.92x10%m
D) 620x10°m
3. The reason that some electrical appliances used in the home have transformers is because they

A) require a source of energy that is DC rather than AC.

B) require and alternating current at a frequency other than 50 Hz.

C) consume less energy than a similar device without a transformer.

D) require a lower voltage than the input voltage from a power point.

force, F. After the floor is raised, the velocity is decreased.

What will the centripetal force be when the velocity reduces to v/2?

A) F2
B) F/4
C) 2F
D) 4F



Two satellites (Annie and Claudia) are in circular orbits around the Earth, Claudia is R metres
from the centre of the Barth and has an orbital velocity of V. Annie is 2R metres from the
centre of the Earth. What is Annie’s orbital velocity?

A)
B)
O
D)

V72
2xV
V/1.4
14xV

Consider the electric field between two charged parallel plates.

The shape of the resulting motion of an electron in this field and the reason for its motion is:

Path shape Reason
A) Parabolic Both vertical and horizontal forces are constant
B) Parabolic Only the vertical force is constant
C) Circular Both vertical and horizontal forces are constant
D) Circular Only the vertical force is constant

Two parallel plates are 2 mm apart and have a potential difference of 100 V between them. An
electron is placed halfway between the plates.

‘What is the magnitude of the force on the electron?

A)
B)
C)
D)

8.0x 107N
1.6x 107N
8.0x 10°N
1.6x 104N

9.

10.

11.

Consider the following ideal transformer with 1 000 turns in the primary coil and 1 125 turns
in the secondary coil.

Transformer

Secondary
Circuit

yaus
Primary

Circuit

If the input voltage is 240 V and current 5A, what is the voltage across the globe and the
current through it? Ignore the resistance of the light globe.

A) 2133V,56A
B) 2133V,44A
C) 270V,56A
D) 270V,44A

However, no transformer is ever ideal because of:

A)
B)
¥
D)

Incomplete flux linkage between the primary and secondary coils.
Resistive heating in the soft iron core.

The production of sound.

All of the above.

A laser with unknown wavelength is bought from a market stall. It is pointed through a card
that has a small pair of slits cut 90um. A wall is 6 m from the card. When the laser is shone
threugh the slits, bright spots appear on the wall and are measured to be 3 mm apart.

The wavelength of the laser is

A)
B)
0
D)

427 nm
429 nm
450 nm
459 nm



12. Three current-carrying wires are set up as shown below. The force on wire Y due to the other

two wires is F.

24 » X

F Y
id
44 « ; ¥
i2d
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What will happen to the force on Y if the currents in X and Z are both doubled, but the
distances remain constant?

A) Tt will become F/2.

B) It will be the same value, but in the opposite direction.
C) It will become 2F.

D) It will become 4F.

13. Which statement does not relate to evidence that validated Einstein’s thought

experiments for time dilation and length contraction?

A) Evidence from particle accelerators
B) The results of the Hafele-Keating experiment
C) Early experiments with cathode rays operating in a vacuum

D) Observations of the life of muons that enter the Earth’s atmosphere

14. What did James Clerk Maxwell discover through the unification of the theories of electricity

and magnetism?

A) Light is a mechanical wave.
B)' Light is composed of corpuscular particles.
C) Light is a form of electromagnetic wave.

D) Light travels slower in denser materials.

The graph below shows the relationship between the frequency and kinetic energy of electrons

15.
emitted by four different metals (A, B, C and D) when they were exposed to light.
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What is the wavelength of a photon of light that supplied the threshold frequency for
Metal D?
A) 375x10"m
B) 8.00x10Mm
C) 266x10"m
D) 18x10M"m
16. The star Rigel emits a continuous eleciromagnetic spectrum with a peak wavelength of

approximately 550 nm.
The surface temperature of Rigel is approximately

A) 5269K
B) 5169K
C) 5269K
D) 6000K



17. Below is a Hertzsprung- Russel diagram.

18.

19.

Which group correctly compateé the luminosity and surface temperature of stars plotted at
positions A and B?

Stars at A Stars at B
Lwminosity Temperature | Luminosity Temperature
A Low Low High High
B. Low High Low Low
C. High Low Low Low
D. High High Low High

The signal from a microwave transmitter can be thought of as a beam of photons.

If the photons from the transmitter have a wavelength of 3.5 x 10?2 m, what is the approximate
energy of each photon?

A) 5.68x10%7]

B) 1.89x10%2]

C) 232x10%7J

D) 7.73x10%7J

In which type of star is the CNO cycle the predominant nuclear reaction?

A) Red giant
B) Red giant
C) Low main sequence

D) High main sequence

20.

Which of the following contains all the quantities that are required to determine escape
velocity?

A)
B)
0
D)

Mass of the rocket and the planet
Mass of the rocket and the planet, and the radius
Mass of the planet, radius and universal gravitational constant

Mass of the rocket and the planet and universal gravitational constant
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*.'/ Max and Caleb conducted an experiment to analyse the motion of projectiles. They used their phones to ¥ Outline a source of error that could impact on the accuracy of the Max and Caleb’s results. 2
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the background. 1 - " ‘J‘ curals NP
The picture below, shows the consecutive photographic “stills’ they produced for their first laungh velocity. ; @“ """ ST (L e 3
The timebetweenteach frame is 0.05 seconds. . : ..........‘...’.i...(.x.... L(.J.I .......................
” . ' . I usf/—f?c‘afwu‘ ST
B The Seven Stills of the First Launch Velocity N
¥=0 | 1=005 ‘éwo.lm Question 22 (7 marks) iy
' { : a) Beginninﬁ: with Newton’s law of gravitation, derive an equation for the orb; i
i satellite Q‘f_bitiﬂg a planet of mass M at radius 7. sauation for the orbital veloaity, v, of a
| U oot P. F
5 e RS 9
N
d Lougn - h\i
: 1205 | [r=020 =025 — T |
|
) vvY vy e |
i SRR
i ~ ik '
CTYad
i W bdog O

e f - ~LCy A y
- & Yr = v o -
e

Each grid represents 2.5 cm x 5 cm area. i . = .
¢) Fully expl#m, with the aid of a diagram, why the gravitational potential energy of an orbiting

‘The first still shows the ball as it leaves the desk. satellite is negative. 3

The last still shows the ball just as it touches .Af} a lIW "l/'(' L{Sﬁntze £ is E ...... @’_)EP :}

thﬂ]]ﬂol ......................................................

mle

. b 0 “wﬁa.jfom{— T ‘{Dﬁ&aal#e/d -

I
: : d S LSCERTIIIEREPPIPHY | PRSP TN [ 0 v e rens
a) Calculate!the ball’s first launch velocity. : 2 t’ —_ —4 M ay ' o -
'
b

Lon 0;1'*"{ Ub& ' un = du/{ | | ...............:;[ ""; ............................................. o PORTUTY I ,'“,:.‘i ..................

....... L T g B A 0

il -~ fi ?ft?f: --.zg ..... ‘%1 -]l €
A 5006 00,5 002, L2 bR 0o,z Ore Y S Y S ;,'f’s" """""""""""""
L’ - tz, . 25 » ‘9 E; - szty ) f; ‘2 ...................................................... 15 .........................
...... TS Ot o9= — Grlw
i -
b) Calculaté:ithe range of the ball if it is launched at 3 ms™ horizontally. 2 ~

X € 21035 U = Bms

R L D N

e r R!-— l/;'xé = 2 ms" X 0.3¢

- Csplais Wby Loio e g
, C Rdapie B 40 ik sl o
x S Ut _,._ EL at = . N.[// acct h{.,aQuestion 21 continues over page... . 64{*—8‘1)2“» ) a .
mﬂ/oa(“//. Yo have wsegt F Cpﬂe@ﬁ. ! 2




.- sestion 23 (4 marks)

Dr Chilwell is dnvmg his car of mass 1,800 kg around a track at 20 ms™! at a radius of 28 metres.

If there is no fn’citlion between his tyres and the track, what
n # ck at that speed?
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Question 24 (3 marks)

Tejas and Anurag carried out an experiment measuring the velocity of an 0.1 kg object in uniférm circular
motion for six different radii, while keeping the centripetal force constant. Their results are shown in the
table below. i

7 i
Vi {
| Radius af mrn(/ (cm_}/ Pelacity (m s™1) i
1“7 1.48 ;
20 2.10 g
30 2,60 i
40 2.97
50 3.32
60 3,63

Their, challenge was to use all of the results to determine the constant centripetal force. '
xplainfiow you would calculate the centripetal force. Formulae may be used, but calculatf ons are not
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Question 25 (3 marks)

. Muons travel through the atmosphere at a speed of 0.998¢. The mean lifetime of a stationary thuon is
2.2ps.

Explain why Caleb was surprised that a significant percentage of the muons, which formed af; an altitude *
of 90 km could reach the surface of the earth. '
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Question 26 (5 marks)

Two parallel charged plates are set up at a distance, d, from one another as shown in the diagi'ja.m below:

i
.
1

The magnetic field strength, B = 0.02 T, the electron’s velocity, v = 3.5 x 10% ms™%, and jthe distance

between the plates, d = Smm. f

a) Indicate on the diagram the direction of the electric field that will act on the electron moiéing between
these plates. see /'ﬂy/‘,_z;m L 1

b) Calculate the.force on the electron due to the magnetic field. i 2
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Question 26 continued...

c) Calculate the voltage that needs to be supplied to the plates to keep the electron traveling'in a straight
path, parallel to the plates. ° 2
E =15 .
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Question 27 (3 marks) j! i Question 28 (4 marks) )
| ;
‘The disc is

Two straight metal rod.:;, P and 0O, have the same length. They are ivoted at one end an'd rotate with b George placed a strong magnet above a circular copper disc, as shown in the diagram below,
the same angular velo.clty so .that theyfsweep out horizontal circular paths as shown in Diagrams X and Y. ! free to rotate, but not free to tilt or fall off the point. .
A constant current, I, is flowing along 10d, as shown. : : ot e
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Question 29 (7 marks)

*Balaji conducted a photoelectric effect experiment in class to measure the work function of a photo emitter.
His results are shown in the following table.

Wavelength of light | Frequency of light (x Energy carried by Kinetic energy of
(nm) 107 Hz) each photon (eV) emitted electrons (x
10])
200 1.49 6.21 7.30
300 1.00 4.09 3.97
400 0.76 3.10 2.33
500 0.59 2.50 1.34
600 0.50 2.02 0.66
700° 0.43 1.77 0.23

a) Graph the kinetic energy on the x axis against the frequency of light on the y axis. Include a line of best

fit. . 3
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b) Use your graph from part a) to determine the work function of the emitter. Express your answer in eV.
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c) Useyour graph from part a) to determine a value for Planck’s constant. Show your working. 2
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Question 30 (7 marks)

a) l\R/Iui:hflrford’s model of the atom was based on results of experiments carried out by Geiger and
arsden.

1:(%ntlitne Geiger and Marsden’s experiment and discuss how their results led to Rutherford’s model of
e atom.
. 4

..............................................
..............................................................................
..........................................................................

...........................................................................................................................

........................................................
....................................................................

b) Draw labelled diagrams of Rutherford’s model of the atom following these experiments and a labelled
diagram of the model that it replaced. 2

Rutherford’s model

¢) Outline Chadwick’s contribution to our u::lﬁdmg of the nature of the atom. 1
i 0
— discovered Nedtomy, fondr ' haked o our
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Question 31 (5 marks)

Throughout history, light has been a mystery that people have tried to explain. During the 1700s, the two
prominent scientists, Newton and Huygens, feuded over their different hypotheses of the nature of light.

a) Compare Newton’'s and Huygens’ models of light, stating the major difference between them. 3
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Question 33 (4 marks)

a) A massive star is losing mass at a rate of 5.6 x 10°kgs™ €
How much energy is being produced per second? Z
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Question 32 (3 marks)
a) Neil replicates Young’s double slit experiment where interference fringes are formed on a screen.

With the aid of an equation, describe and explain the effect on the spacing on the screen between the
interference fringes if Neil increases the separation between the slits. 2

@.. Dppoposte. equeten A 500 = mA o e m0shsn

............................................................................................................................
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b) State one important change that would occur to the pattern on the screen if one of the slits was covered.
* QQ \%\‘\' b. - ® 1

e atml max  ghfl ét)lb?\ } . Frare  alaz .
............................................ et O IO o W T T

..........................................................................................................................

21



Question 34 (4 marks)

The diagram below shows the spectrum of light received from the star, Alpha Maleius.

Violet Red
|| -

a) Astrophysicists on Earth deduced that the star is moving towards Earth.

Explain how this spectrum was formed and how the astrophysicists were able to determine that the star
was moving towards Earth. 3

............................................................................................................................

............................................................................................................................

b) In the box above, draw where the four spectral lines would be if the star is observed from a planet
slowly orbiting that star. 1

Cee. ﬁ\oo\z
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Question 35 (6 marks)

A dropper bottle was used to release a single drop of water between two vertical charged parallel plates.
The drop of water fell straight down at an initial velocity of 0.30 ms™. The average drop of water has a

mass of 2.2 x 102 kg and a charge of -1.9 pC. The field between the plates is 7 000 Vm™, The apparatus is
shown below. Ignore acceleration due to gravity and air resistance.

L/_\:—watcr droplet

|++++++++‘
[

a) Calculate the acceleration of the water droplet between the plates. 3
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Question 36 (9 marks)

Explain fully the structure and operation of a DC motor. In your answer, include ONE labelled diagram of
the motor and TWO relevant graphs. 9

END OF PAPER
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