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INSTRUCTIONS TO CANDIDATES

Answers to questions involving calculations should be evaluated and given in decimal form.
Quote the final answers to no more than four significant figures.

Despite an incorrect final result, credit may be obtained for method and working, provided these are
clearly and legibly set out.

Questions involving working should be answered with a complete, logical, clear sequence of reasoning
showing how the final answer was arrived at; correct answers which do not show working will not be

awarded full marks.

Questions containing the instruction estimate may give insufficient numerical data for their solution.
Students should provide appropriate figures to enable an approximate solution to be obtained.
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SECTION C : Comprehension and Interpretation

Marks Allotted: 36 marks out of 180 (20%). Attempt BOTH questions in this section.
Candidates are reminded of the need for clear and concise presentation of answers.

Diagrams (sketches), equations and/or numerical results should be included where appropriate.

QC1 [18 marks]

Hubble’'s Law

When a source of waves is moving, a stationary observer notices a change in frequency of
the waves. This effect is observed for both longitudinal and transverse waves. For example,
if an ambulance moves towards you the sound frequency you hear is higher than the
frequency its siren is emitting. This is known as the Doppler Effect.

If a source of electromagnetic waves, such as a star, is travelling away from an observer
then the wavelengths of the lines in its electromagnetic spectrum are shifted to higher
values. This is called red shift. An equation for the relationship is as follows:

AN v
Z=—— [Itcanalso be shown that: 2=
A Cy
z = red shift
A). = change in wavelength (moving source) {nm) eaiziariizhn

L = wavelength of stationery source (nm)
v=recessional speed of galaxy (m s™)
co = speed of light in a vacuum (m s™)

B
LB T

Edwin Hubble analysed the red shifts of various galaxies in 1920 and deduced that most
galaxies are moving away from the Earth, this suggests that the Universe is expanding.
Hubble also discovered that the further away a galaxy is, the bigger its red shift and the
faster it is moving away. This relationship is known as Hubble's Law and can be stated
algebraically as follows:

- H,.d . N

\Y%
galaxy UNSHIFTED
: Il
Vealaxy = recessional speed of galaxy (km s™) ]-ll .“
d = distance to galaxy (Mpc) REDSHIFTED
H, = Hubble’s constant (km s™ Mpc™) ] -II .IE

BLUESHIFTED

The distances to galaxies can be estimated by observing Cepheid Variables within a galaxy. A
Cepheid Variable is a class of star that pulsates. The relationship between the period of
pulsation and the size of the star is very precise. An understanding of how brightness
diminishes with distance allows astronomers to estimate distances to galaxies with a high
degree of confidence.
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The following data was recorded by the Hubble Space Telescope for five galaxies.

Distance Red shift - z Recessional speed of galaxy
(Mpc) Vgalaxy (kms™)
B:l 0.00095 285
8.6 0.00212 A
12.2 0.00273 219
16.1 0.00402 1206
19.4 0.00473 | 419
QUESTIONS:

la) Calculate the appropriate values in the final column of the table
(the first value has been done for you)

[2 marks]

2b) Plot a correctly labelled graph of recessional speed versus distance to galaxy on the
graph paper and draw a line of best fit.
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1c)  Calculate a value for Hubble's constant, in the correct units, clearly showing how you
obtained this value from your graph.

-~ RWE
Mo = GAADIENT = T ARNN
___________ T RO e ATERNRTRELY - T
___________ =LA ks Wt =TS kst Mec
acept To< Ho<T6)
[3 marks]
1d)  State three reasons why you think that measurements of Hubble’s constant
have varied widely since Hubble's first determination in 1920.
* IMPROVED TeTuNoLogs To. MERSURE RED-SMET ( DIEFRACTION GRATINGS)
+ BEITeR Tetescopes (€€ wveric And CTHERS LoCATep AfONE ATHMOLPH
c_Mope  CEPUEND NARIABLES  DISCCVERED — PETTER AVERALE MERSURE

[3 marks]
1le) Explain why the values of red shift, z, have no units.
L SAMe UNITS W 108 /potTom of Quotent
LS AT S A RAT of LeNeTH
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1f) A line in the spectrum of ionised calcium has a wavelength of 393.3 nm when measured
in the laboratory. When similar light from the galaxy NGC 3350 is measured, its
wavelength is 394.64 nm. Use the red shift formulae to determine the recessional speed
of this galaxy.

.................... = ((394:64-393-3)x3x0%)
393+3
T -7 - S - .
- - |

[2marks]
1g) For the recessional speed you calculated in part f), use your graph and line
of best fit to determine the distance to this galaxy in Mpc.

_____ FROM THE GRAPHM 1T IS _APPRXIMATELY 14 ™

1h) Determine how many years it takes for light from galaxy NGC 3350 to reach Earth.
(1 parsec = 3.26 ly)

ACCEPT RANGE of 42 — 46 muloeN Years

Page 41 of 48



Year 12 Semester 2 Exam 2011 Hale School

QC2 [18 marks]

Particle Physics - basic principles and techniques
Particle physics is the modern version of the age D\ (IR
old quest — to find the smallest particles that 2 o AR A

cannot be broken down. Particle accelerators are
the ‘laboratory equipment’ in this area of study.

Charged particles can be accelerated in two senses
— by their change of direction in circular paths or
by increasing their speed. Studies can be made on
the radiation that they emit whilst being accelerated
or the after effects of collisions between high speed
particles.

The cyclotron first came into use in 1928 using a
combination of magnetic and electric fields to
accelerate particles in a spiral path. Development
of this technology led to the synchrotron which
uses an evacuated circular tube with many magnets
placed around its circumference.

As particles are accelerated the electric field is adjusted and the strength of the magnets is
increased to maintain a constant radius and compensate for relativistic effects that become
important at high particle energies.

Any charged particle that accelerates will radiate electromagnetic energy. This is true even
at a constant speed in a circular path. So a continual supply of energy is required in
synchrotrons to just maintain a constant particle speed let alone increase their speed. The
emitted radiation is known as synchrotron radiation and can cover the entire electromagnetic
spectrum.

Linear accelerators (LINAC) use a straight path and a series of accelerating voltages as the
particles move along the line. LINACs are often used to provide the early stages of
acceleration before particles are fed into large synchrotrons.

Collider experiments take two beams of particles that have been separately accelerated in
opposite directions and smash them into each other. This is difficult to achieve but if
successful it is an efficient use of energy.

When two particles with an equal magnitude of momentum collide head on, the total
momentum is zero before and after the collision. If particles are stationary after the collision
then their kinetic energy is zero. By the conservation of energy and mass principle, the
energy before the collision is transformed into the mass of new particles formed in the
collision. The particles that are present after a collision reaction can be different to those
that went in. This is exactly what particle physicists aim to achieve and the discovery and
study of these new particles underpins their work.
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Every collision is governed by one of the fundamental forces (except the force of gravity
which has no significant influence on such tiny particles in this context):

e The electromagnetic force leads to simple collisions between charged particles.
No new particles are formed when this force is at work.

eg. p+p—op+p

e The strong force dominates reactions between hadrons (which contain quarks).
eq ptp—op+n+n’

e The weak force is likely to be involved in lepton reactions, especially if one of the
leptons is a neutrino. e.g. Vv, +u —e +v,

Einstein’s theory of special relativity has led us to the idea that the mass of a moving
object is not the same as its rest mass (mg). The mass of a moving object cannot be
measured directly; it must be calculated from a measurement of momentum and velocity.
The relativistic equations for momentum p and total energy E are as follows:

pe myv B mOCZ
e - 2 (These equations are only applicable for non-zero mass)
1-— 1-—
2
c c*

Relativity has also given us the idea of mass-energy equivalence. In Newton’s version of
mechanics a lone particle not influenced by gravity or electromagnetism but moving at a
given speed could only have a single form of energy — kinetic. At rest it had no energy at all.
This is not the case in relativity.

2
The relationship is described by the equation: E* — p*c” = m," c*

Photons are packets of energy travelling at the speed of light.

Surprisingly it has been proved that although photons have zero mass they do have
momentum.

E
It can be shown for a photon that if: E? —}9262 = m0204 then: p=—

C
Wk
and since E:/’lf then: p‘:_c_:z

Particle physics has also proven to be vital in understanding the nature of the universe a few
fractions of a second after the Big Bang. The conditions created in the mightiest accelerators
are very similar to those that existed when the universe was 1072 seconds old.

Page 43 of 48



Year 12 Semester 2 Exam 2011 Hale School

Questions

2a) Inwhat sense can a particle be accelerated if its speed remains constant? Explain.

[2 marks]

2b)  Once a charged particle has been accelerated to a given speed in a circular path, is
further energy required to maintain a constant speed? Explain.

[2 marks]
2c)  Can electrons and neutrinos be subject to the strong force? Explain
L S THe STRONG (NUCLEAR) FORCE ONLY. ACTS BETWJEEN
e HADRONS /NUCEONS / QARKS
__________________ (tecTrong._Ared NECTRINGS ARe LevTons )
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2d)  If neutrinos are involved in a collision reaction why is it unlikely that this was governed
by the electromagnetic force?

_______ NECTRINGS _BANE No CHAREE  So THEY HMNE N MAENETC

2e) If you hit a ping pong ball with a table tennis bat which of the three fundamental
forces described governs this collision? Justify your answer.

.. HE__elecTROMPAGNEWC FRARCE BECAUSE Twe STRONG
_FPeRCE ACTS  WNITwind A _NUCLess | The WERK FoRce (S iNVoleDd

[2 marks]

2f)  Calculate the momentum of a proton travelling at 95% of the speed of light.
The rest mass of a proton is given in the formula and constant sheet.

Mgy v
SN e
Cc?t
""""""""" T e T X 10 T 5 e X R & T e
"}_0~‘t§3’ """"""""""""""""""""""""""""""""
b
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e B INS24 00 Rg msT

[3 marks]
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2g) The equation for Einstein’s mass-energy equivalence is:  E* — p*c* =m,’c*
Show that for a particle at rest this simplifies to E = myc’

Vv ,
JE¥EP  Juen. PSS Tt T O ((NoN_2er0 MAsS)
& \/ CL """""""""""" h
s B et e

[2 marks]

2h)  From the starting point: E* - p°c* =m,’c*

E
show that the momentum of a photon with zero mass can be given by p=—

JFET=pPXE = mtet Ay Moo
___ e L
THEN _E* = PPc*  ano PP = 2

[2 marks]
2i)  Calculate the momentum of a photon of 550 nm yellow light
- _ h
SING P
. G633 xIC =4
_____ WL T -5 AT S
_________ s P T 1208 el kges?
- 2 marks]
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