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Q1[4 marks]
Compiete the following table:
Fundamental Force Gauge Bosons
ElLecTroMagne PwoTond
GeANITAT O . GRAVITON
STeomGe NUCLEAR GLaond
WNEAK. NUUEAR Wt W 2°

(V2 megy EACH)

Q2[9 marks]
2a) List each of the known quark flavours.

uP

DowonN

STRANGE Yy mMark EACH

CHARM =2 3 mARKkS

2c) Protons and neutrons are “Hadrons”, Which quarks do protons and neutrons consist of?

UP AND Down QUARKS

2d) The electron is a well known “Lepton”. Name two other particles which are also leptons.

SeLeCT Two w1 pvon ) 1AV ) NEUTRINOS ) posiTRoN ANTI-NVTRINDS

------------------------------------------------------------------------------- {1mark)
2e) Name a particle that is classified as anti-matter.

(ElecTron ;, MUON | TAY)
SELECT FRoeM b PoStTTRoN | ANTL -NUTRINOS
---------------------------------- bbbt ¢ 11tL:11 9]

2f) Briefly describe the properties of a neutrino.

MASSLESS | NEUTRAL CHARGE‘). wARD To DPETECT + UTTLE |NTERACTION:

------------------------------------------ (1mark)
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Q3 [10 marks]
3a) What are Einstein’s two postulates of Special relativity?

3b) Briefly describe the predicted change, if any, to the following dimensions for an object
on approaching the spead of light:

Dimension | Predicted change
length LENG™ COnNTRACTS N DIRECTION D¢ MOTWON
mass MASS INCREASES
time TiME \S PULATED (SLowER)
(3marks)

3¢) 1f a box was moving away from you at nearly the speed of light, describe any changes to the
length, height and depth of the box from your perspective.

ohsever o ) . THE HEIGNT _AnD DEPTH ARe JUNCHANGED
LA ¥ vowever The wengTn 18 (oNTRACTED

'L [N ’l ----------------

— BEcAUSE \T 1§ Twe \\.Eﬂe‘m IN.The DIRECTION

DEPErcRs o THe RELATWE MoTiond of TME oBlERVER. ., o

3d) Briefly describe the aim of the Micheison-Morley experiment.

s

ATTeMPTED To MEASURE The “AETHER WD ThRAT SHould BE
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Q4 [2 marks]
The following photograph is of a vibration pattern
produced by a moving object in a ripple tank.
4a) Clearly identify, on the diagram provided, the
direction in which the vibrating source is moving
To Twe LEFT (1mark)
4b) Briefly justify your answer,

WAVES ARE cOSER ToCtETWER ON The

Q5 [5 marks]

An emergency services vehicle approaches an intersection at 110 km h™ continuously sounding a
horn of frequency 750 Hz. A pedestrian on the footpath at the intersection hears the horn of the
approaching vehicle at a different frequency.

5a) Briefly describe what the pedestrian would hear.

_SINCE Tde SOURLE of SOUMD \S MOVINE TowAtDS Twe OBSERVER

The observed frequency can be calculated using the formula:

V-V,

v
frequency observed = true frequency x [ }

where v is the speed of sound in the medium,
vg is the velocity of the moving source.

5b) As the driver approaches the intersection, in the equation is the sign allocated to the velocity
of the source + or — to match what the observer hears? Justify your choice.

JMUST B VE  FoR Tue DEMIMINATOR To BE SMAUER & o ReSVUT

WA HGHER VALYE of FREPUENCY

---------------------------------------------------------------------------------- (2marks)
5¢) Calculate the frequency of the sound heard by the pedestrian.
no_kmw™' = %.5¢ ms”'
---------------------- 340 Tttt
oo esservep Feedencr T 150 % T3qe-30.e
e B .
"""""""""""""""""""""""""""""""""""""""""""""" (2marks)
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Q6 [9 marks]

The visible emission spectrum of a hydrogen atom has three bright lines — red, blue-green, and

viclet, The blue-green line is caused by the emission of a photon as it moves from energy level 4
to energy level 2.

The energy of each level (in eV) can be calculated using the formula E_ = —

6a) What is the energy of the photon emitted (in eV) that causes the blue-green line?
3.6

- —12.G
E4. = —1r Z-~0'89 v " E = —-E—-*- =~ 3.4 ¢V

----------------------------------------------------------------------------------- (1mark)
6b) What is the wavelength of this line in nanometres?

BT asSxiexw | Taegxvellls
AT = EEREENST
AT T'8xwe m T 4E8B amm
"""""""""""""""""""""""""""""""""""""""""""""" (2rarks)
6¢) The blue-green line of the hydrogen spectrum from a close galaxy is observed at 537.4 nm.

The redshift Z can be calculated Z = —Mbsh ~ s

$37-4 — 48715 e

Calculate the red shift of the galaxy.

M W B B e e e B e e e e T T A R AR M T e A e W o W W W M M T M e R B M M e e = e e b et = = e A

6d) For close galaxies receding at a relatively low velocity, the recessional velocity of the galaxy

can be caleulated from Z =~ where  is the speed of light.
c

Use the value of the redshift to calculate the recessional velocity of the galaxy (in km s™7).

7 , A
el - - 3-01‘5!0 MS" = Z:@2 XiD \(.MS"
"""""""""""""""""""""""""""""""""""""""""""" (2rmarks)

6e) Using Hubble’s law calculate the distance in light-years to this relatively close galaxy using the
redshift value from part (¢). (Imegaparsec = 3261636.26 light-years)

Hubble’s law: v =H,D where v s the velocity (in km s"),
D is the distance ( megaparsecs Mpc ),
Ho is Hubble's constant [Hy=74.2 £ 3.6 (km s Mpc™))
3-oax\o4 = 7T4.2E3.6x D

S e A e L A MR L S M e e e e e e e e e e e = e e e e e e e e e s e = = = A = = = = = =

. 3oz xio¥ _
2P GraEawmr.. T Aol xe  Mec T 4esl
__________ R L 1T T -
__________ = ke vy T ety (3made)
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Q7 [2 marks]

The redshift of the Andromeda galaxy has been
calculated as 0.301.

A radio telescope monitoring H radio emission
(normally at 21.106 ¢m) will need to monitor a

different wavelength te pick up emissions from
Andromeda.

The foliowing equation is used for calculating
red shift, Z:

Z = Aobs = Arest

/\rest

Which wavelength must be monitored?

036\ = Noess ~ 21.106
.......................... 21106

Q8 [4 marks]

In 1054 AD Chinese astronomers noticed the appearance of a bright star visible in the constellation
of Taurus. It was a supernova explosion — the death of a star. The Crab Nebula is the shattered
remnant of that massive star. The nebula is about 6 500 light-years away from the Earth and is
5 light-years across, and has a pulsar (a rotating neutron star) at its centre.

8a} In which year (BC) did this supernova actually
take place?(Show your working)

L0S4 — 650D = ~S4&A(

---------------------------------------------------

(ks

8b) What is the distance, in km, across this nebula?

DISTANCGE = 1%t
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Q9 [5 marks]

Berore satellites were available, stellar parallax was
measured from Earth using annual parallax as the
Earth orbits around the sun.

1 parsec = 3.26156 light-years and is also the
distance for which the annual parallax is 1 arcsecond.

1 Earth year = 365.25 solar days)

9a) If the imaginary star in the diagram above is 1 parsec
away, how distant is this star in metres?

\ onasec T 3:26356 53 %10° x 3652 % 24 % 60 x 60

(1 mark)

Distant stars

/ﬁ%‘%’?’\

Near star apparent
parallax motion

P!

~—
Parallax angle
=1 ar¢ second

Imaginary 4
near star

1 Parsec

=,

rd

Earth's motion around Sun

9b) Compass headings are given in degrees, minutes and seconds. What is one second as a

decimal of a degree?

L Twere, ARE GO 3 W\ mnuTe Anp (O M
. - |
e s 2o Gorko  bEGREE
O W
...
________________ = 2714 x e’ Geeras)

% 3.088 x\'n“’

_________________________ Voot 8 = Zadi
________________________ TN 27T xeTt =
____________________________ - Ve = Tan 2:774 xie”
________________________________________ \:497 x 0 ™
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Q10 [3 marks]

On the Hubble website, the claim is made that “*Hubble is one of NASA’s” most successful and long-
lasting science missions. It has beamed hundred of thousands of images back to Earth, shedding
light on many of the great mysteries of astronomy. Its gaze has helped determine the age of the
universe, the identity of quasars and the existence of dark energy. *

10a) Provide a reason why the Hubble telescope has been so successful compared to larger
Earth-based telescopes.

= THE WuBBLE TelLESCOPE 1§ AGLE (o VYiEw EMR TRAT I NoT ARSOREED

"LIGHT 15 1ot DSToRTED /0 BSCURED BX ATMOSPHERE (1mark)

10b) It has been stated that the Hubble telescope allows us to look back in time to billions
of years ago. Explain this statement.

Q11 [4 marks]
The 'Big Bang’ theory is a model used to explain the origin of the universe. Describe two pieces of
scientific evidence which support this theory.

SELECT FRrat! ¢ RED SH\FT
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