Physics

General Instructions

Reading time — 5 minutes
Working time — 3 hours
Write using blue or black pen
Draw diagrams using pencil

Board-approved calculators may
be used

A data sheet, formulae sheets and
Periodic Table are provided at the
back of this paper

Write your candidate number at
the top of each page in Part B

Hand in the paper in ONE bundle
at the end of the exam.

Check List
Each candidate must have

¢ Question paper
e  Multiple choice answer sheet
e Five-page booklet

CLig

2006

FORM VI
TRIAL HSC EXAMINATION

Total marks (100)

(75 marks)

This section has two parts, Part A and
Part B

Part A — 15 marks
e Attempt questions 1 - 15
o Allow about 30 minutes for this part
Part B — 60 marks
e Attempt Questions 1628
o Allow about I hour and 45 minutes for this part

Section II ) Pages 25 —28

(25 marks)

e Use a separate writing booklet

o Attempt Question 34 only.

e Allow about 45 minutes for this section
Masters
AAH -Dr A. Haines
AGY — Mr A. Yabsley
AWW - Mr A. Woolnough

SRW — Mr S. Williams
MRW - Dr M. Ward
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Form VI Physics 2006 Trial Examination

Class

Part B

Total marks - 60 Candidate Number
Attempt Questions 16 - 28
Allow about 1 hour and 45 minutes for this Part

Answer the questions in the spaces provided
Show all relevant working in questions involving calculations

Marks
Question 16 (2 marks)

The modern definition of the metre is “the distance travelled by light in a vacuum )
during 1/299,792,458 of a second.”

Explain why the modern metre is defined in this way.

The speed of light is constant for all observers... 1

so this definition ensures that the metre is a universally consistent length. 1

NB general comments about ‘accuracy’ > max 1 mk

Page 3 of 25
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Form VI Physics 2006 Trial Examination

Class

Candidate Number
Question 17 (cont) Marks

(a) For Test Run A, calculate the magnitude of the initial vertical velocity of the 2
ball.

u,=7? a,=-=g r,=026m v,=0
use Vo= v ¥ 2ar

07 = u,’ — 19.6x0.26 (1 mark)
u’ = 5096 - u,=23ms" (I mark)

(b) For Test Run A, calculate the total time the ball is in the air. 2

u, =2.257ms”’ v, =-2.257ms" a, = -g

V-—U
uset =

a

_ -2x2.257
-9.8

t (1 mark)

t = 0.46s (1 mark)

(©) For Test Run A, calculate the magnitude of the initial horizontal velocity of 2
the ball.

Range = Uy xt
. Uy = Range/t = 1.80/0.46 (I mark)

=Uy = 3.9ms™ (I mark)

Page 5 of 25
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Form VI Physics

Question 18 (cont)

(c) Om_o:_.mﬁ the mass of the star, Gliese 876.
3
o GM
7~ 4
M= 472r3
GT?

M=4x 2% x (3.15%10°)° (L mark)

M = 6.6x10%kg (I mark)

Page 7 of 25

2006 Trial Examination

Class

Candidate Number

Marks
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Form VI Physics 2006 Trial Examination

Class

Candidate Number

Section I - Part B (continued)

Marks
Question 20 (4 marks)

The diagram below illustrates the path of a negatively charged particle moving in a
magnetic field. The magnetic field is directed into the page.

X XXX X X X
XXX X X XX

S

particle

XXX XX XXX

X
X
X
X

X P

X

X XX X

(a) mxﬁ_mg why the path of the particle is circular. 2

velocity is perpendicular to force (or acceleration) (I mark)

force is directed towards the centre and provides a centripetal force (1
mark)

(b) Describe the change to the radius of the path if a negatively charged particle 2

of the same mass and speed but twice the charge is travelling in the same
magnetic field.

r=mv/qB .r < 1/q

. if q doubled, then r decreased to r/2

Page 9 of 25
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Form VI Physics _ 2006 Trial Examination

Class
Candidate Number
Marks
Question 23 (4 marks)
The photograph below shows the parts of an AC electric motor.
‘squirrel cage’ rotor
Laminated iron core
bearing
~
Stator Coils . Rotor assembly
(a) Outline the function of the stator coils in this motor. 1
Produces a (rotating) magnetic field
(b)  Describe the principle of operation of the type of motor illlustrated above. 3

AD = changing/rotating magnetic field of stator induces eddy currents within
the rotor (i.e. need to mention AB or AD in stator induces Iin the rotor. (1
mark)

F = current (I) in rotor experiences a force due to the motor effect. (I mark)

D = direction of rotor’s rotation same as the magnetic field rotation of the
stator (1 mark)

Page 11 of 25



GZ jo z| abed

(y4vui |) J23Ys 2y f0 AJ120]24 31} SMOJS 40 (,
SULQ 6>) UODAD]200D Y] S2ONPad 2240 piomdn "2°1 Uo1jOW [0 UO1A1I0SaP =

(amua [)
28.40Yy22Y) 2soddo o0} sv 0s pja1f jpudaixa ayl Yjim sjov4aJul Joy] platf o1eusoul

p saonpoud jua.ind Appa ayj o UOLI241p 2'1 MDT S, ZUDT JO JUdWaINIS = T

(40w [) pays wniuunip ayj uo 2240f pAapmdn up SasNpI JUa4NI Appa =

"199Us 9y} JO uorjouwr juanbasqns 9y} UO JULMD
€ ApPpa 91 JO 199113 oY1 ‘paafoaur sofdrourrd [eorsAyd aup jo swiray ur ‘uredxq  (q)

(Y0U [) 1224100 JUDL4ND P2ONPUL JO UO11D241(]
(yioul_ 1) prarf apisino puv pjarf ui [pjouw uo dooj jua.ind Appyg

“JUALIND 2y} JO uondaIIp 2y} pue uonisod a3 yroq Surmoys
ré “}o3ys oY} Ul pajeIdUSS ST 1Y) JUSLIND APP2 A} UI MBIP ‘D9A0qe WeIderp 3y} uQ) (®)

iy
ap1sino puv pajif
u1 aq 1snut dooj

X X X X

XAXXXX XXX
X XXX XXX X

"1oudew oy} Jo so[od 831 UIAMIaq SUTRLII JOYS
oy} jo Jrey doy oy ATuQ ‘proy ayl Jo o urddoap st pue ‘4 ‘A1190[2A SNOSUBIUBISUL UB SBY
100ys oy} ‘umoys uomsod o) 1y “1ouSew jusueuniad Suons e Jo sajod oy} usomiaq ‘AarI3
Jo souonpyur oy ropun ‘Burddosp 199ys wNIUIWN[E U SMOYS weiderp SUIMO[[O] YT,

(syrew ¢) 47 uonssng)

SR

Iaquny 21epIpue))

sse[D

uoljeuIwex3 (eUL 9002 soisAyd A wiod



Form VI Physics 2006 Trial Examination

Class

Candidate Number

Sectiond — Part B (continued)

Question 25 (3 marks)
Marks

Heinrich Hertz performed an experiment to measure the speed of radio waves using
the principle of interference of waves produced by a reflection from a metal plate.
Discuss the significance of the result of this experiment.

radio waves travel at ¢ (1 mark)
light travels at ¢, radio waves are e/m (1 mark)

- light is e/m (1 mark)

Page 13 of 25
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Form VI Physics 2006 Trial Examination

Class

Candidate Number

Marks
Question 27 (6 marks)

The diagram'below shows a thin beam of electrons in a cathode ray tube. The electrons are
moving at a velocity, v = 1.2 x 10> ms™ into a region of magnetic field between two electrically
charged deflector plates (P and S). Due to the combined effect of the electric and magnetic fields
between plates P and S, the electrons pass undeflected between the plates.

The magnetic field has a magnitude of 100 T.

magnetic field, B;,= 100 T _

\
X X y=12x10°ms™
. ; electron beam >
X XX XX X | 100em
!
Anode , / Cathode ray tube
(a) Determine the magnitude and direction of the force on a single electron due 2

to the magnetic field only.
v=12x10ms"! B=100T, q=1.6x10"°C

F = Bqv
F=100x16x10"x12x10°

= 1.92x10-14N (I mark) down (I mark)

This question continues on the next page

Page 15 of 25
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Form VI Physics 2006 Trial Examination

Class

Candidate Number

Marks

Question 28 (7 marks)

Explain how energy savings are currently made during the generation and transmission of
electricity through the/power grid and assess the possible use of superconductors in these
applications.

3 for current savings

e.g highvoltage .. low current
reduce ohmic heating

AC is more efficient

laminations of cores in transformers

4 for superconductors
1 each for two advantages/features
I each for two disadvantages

Note: max of 5 if no negatives of superconductors mentioned

Page 17 of 25
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Form VI Physics 2006 Trial Examination

Section I1

25 marks
Attempt Question 34 only from Questions 31 - 35
Allow about 45 minutes for this section.

Answer the question in a writing booklet. Extra writing booklets are available.
Show all relevant working in questions involving calculations.

Pages
Question 31 Elective 1
Question 32 Elective 2
Question 33 Elective 3
Question 34 From Quanta to Quarks........ccccevireneieiecninsenneneennn 260
Question 35 Elective 5

Page 19 of 25
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Form Vi Physics 2006 Trial Examination

Question 34 continued Marks
(1) _State one other postulate of the Bohr model and use it to account
for the change in energy that occurs when an electron makes a 2
transition from one stable orbit to another.

Typical answer
An atom (or electron) only emits or absorbes energy when it makes a transition from one
state to another

OR
When an electron matkes a transition between one stale an another, the event is
accompanied by the emission or.absorption of a quantum of radiation (a photon).

AND
The enetgy change is equal to the difference in energy between the two states and

this energy becomes a photon with energy:
\N\, =E final T “initial

Page 21 of 25
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Form VI Physics 2006 Trial Examination

(©) The diagram below shows some of the energy levels for the electron in the
hydrogen atom:-

Energy
n=oe 0
n=5 —0-87%x1071%)
n=4 ~1-36x10"1%)
n=3 —2-41x107173
n=2 mﬁwv
n=1 - -21-7x1071%J

The arrow shows a transition when an electron moves from the energy level
n =4 to energy level n =2.

(i)  An electron is found to emitlight during the transition from
energy level n =4 to energy level n = 2. This light has a

wavelength of 486 nm. ' Calculate the frequency of the light 1
emitted.
c 3x10°
I=7 /=4 86x107 _
f=6.17x10" Hz
(i) Calculate the energy, E(), in joules, of energy leveln = 2. 2
AE = hf AE=4.1x10"1]
E -21.7 x10°"
E, = MM. E, = —

E,=-5.425 x10"J

Page 23 of 25
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Form VI Physics

(©

2006 Trial Examination

Assess the contributions made by Heisenberg and Pauli to the development of
atomic theory.

Marking Criteria

Outlines two contributions made by Heisenberg to atomic theory

Excamples are in the following list:

Developed matrixc mechanics to apply guantum theory to the atomic model and replacing the ad hoc
model of Bobr.

h
Developed the uncertainty principle that stated Ax Ap =—

27

Proposed an atoric nuclens consisting of protons and nentrons

Outlines two contribution made by Paulli to atomic theory

Examples are in the following list:

Proposed the exclusion principle that no two electrons in the same atoms can have the same
quantum state (¢ the same set of 4 quantum numbers).

Proposed the fourth quantum number for electron spin.

Derived the Balmer equation using quantum mechanics.

Predicted the existence to the neutrina to explain the conservation of energy and momentum in beta
decay.

Assesses the contributions made by Heisenberg io atomic theory

Examples are in the following list:

Qnantum theory and the uncertainty principle produced a model of the atom in which the electrons
eXiSt R electron orbitals that were more in the nature of probability clouds than simple circular
orbits of Bobr.

The nncertainty principle was consistent with the idea that electrons bave a wave nature when in a
quantised energy state

Assesses the contributions made by Pauli to atomic theory

Examples are in the Jollowing list:

The exclusion principle explained the numbers of electrons in each guantum level of the atoms in the
pertodic table and explained chemical properties such as valency an group Similarity of elements.

The four quantum numbers explained aspects of the hydrogen spectrum such as byperfine spectral
lines and Zeeman splitting due to strong magnetic fields

The existance of the neutrino explained the decay of a nentron into a proton and increased onr
knowledge of the substructure of the atom.
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