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EXAMINERS REPORT ON 2001 TERTIARY ENTRANCE EXAMINATION

SUBJECT: PHYSICS

STATISTICS
Year Number Non-Examination Candidates Did Not Sit
Who Sat
2001 3131 55 162
2000 3237 70 204
1999 3307 62 156

The Examiners’ Report iswritten by the Chief Examiner (or another Examiner on their behalf) to comment on
matters relating to the Tertiary Entrance Examination in their subject. The opinions and recommendations
expressed in this report are those of the Chief Examiner and not necessarily representative of or endorsed by the
Curriculum Council.

The Marking Guide provided at the end of this report was prepared for markers and may have been substantially
amplified by discussions held in the pre-marking meeting. It is not intended as a set of model answers, and is not
exhaustive as regards alternative answers. Some of the answers are less than perfect, but represent a standard of
response that the examiners deemed sufficient to earn full marks. Teachers who use this guide should do so with its
original purposein mind.

SUMMARY/ABSTRACT

The format used for the paper in previous years was retained. Comment was made that the paper required a greater
amount of interpretation, but there was no conscious effort to do this. The examiners considered the paper was
about the same level of difficulty asfor last year, but the average mark of 58% was almost 5% less. Markswere
well spread from 2% to 95%.

Many of the candidates demonstrated a quite reasonable level of achievement in understanding the principlesof
physics. The major areas of weakness have not changed. Candidatesin general do not have good graphical
interpretation skills. Further, thereis areluctance to draw diagrams, and many of the diagrams that are drawn are
unclear.

Although comment was made that the paper had a greater emphasis on the explanation of key concepts, there was
no conscious effort to do this. Further, comment was made that the performance of candidatesin Sections A and B
was inconsistent with that in Section C. The statistics on this perception are not clear, but it is a point that could be
reviewed by the Syllabus Committee.

GENERAL COMMENTS

The structure of the examination has not changed for sometime. It consists of three sections, short answers,
problem solving, and comprehension. Questions are framed so that candidates can demonstrate their understanding
of physics, and apply their understanding to the solving of problems. It isconsidered an important part of the
problem solving exercise that candidates have an appreciation of the magnitudes of quantities. Thisisone of the
reasons for the inclusion of questionsinvolving estimates, where candidates are required to supply appropriate
numerical data.

The examiners make every attempt to keep the difficulty of the paper the same from year to year, but thisisnot an
easy thing to accomplish. Thisyear, the average mark for the paper was 58%, about 5% less than for last year. The
examiners never cease to be surprised by how well candidates cope with questions considered reasonably difficult.
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Of course, answers to questions considered easier can range from the not quite correct to wild misconceptions.
Basically, the examiners have learnt that it is almost impossibl e to anticipate candidate response. Section A
Question 1 isacasein point, the average mark being just 2.14.

There were two questions that gave candidates the opportunity to choose alternatives from the context they studied.
The amount of choice was slightly lessthan in past years, but this was not done deliberately. Asusual, there was no
way of telling whether or not candidates actually used examples from the context they studied.

Candidates have consistently had difficulty in the interpretation of straight line graphs. The question on graphical
analysis this year may have been answered alittle better than usual. However, many candidates do not even draw a
line of best fit, let alone calculate the slope, which is the technique they are expected to adopt. Some just read the
coordinates of asingle point and use thisto determine the slope. Thiswill only give areasonable answer if the
graph passes through the origin, which cannot be assumed.

A number of questions asked candidates to use diagramsin their explanation. It seems that candidates draw
diagrams with the utmost reluctance. Frequently, diagrams are very vague. Candidates should be aware that
diagrams are avery useful adjunct to making explanations, and thisisaskill well worth practicing. They should be
made well aware that drawing diagramsis very useful, whether or not diagrams are requested.

Theissue of significant figures arose again thisyear. The panel emphasizes once again that, at thislevel of
understanding, the matter of significant figuresis considered avery minor issue. The panel reiteratesits
recommendation that all answers are quoted to three significant figures. Thereisno penalty if thisis done for
questions involving estimates.

In general, candidates correctly interpreted the questions. There was only one question with possible ambiguity.
Section B Question 7 stated that, at the North Pole, the magnetic field is vertical, and then asked if it was
downwards or upwards here. A number of candidates interpreted here as asking about the magnetic field in Perth.
Thiswas unintentional, but it does demonstrate how difficult it is to achieve absolute clarity.

The average mark showed that candidates were capable of giving answersto all questions asked, indicating the
paper was afair test.

Changes were mede in response to comments made by the independent reviewer, Shelley Y eo, and her input was
very much appreciated. Other useful comments were received from the final checker, Jeff Cahill.

COMMENTS ON SPECIFIC QUESTIONS
Section A

1 Attempted 3081 Average 2.19 (55%)
The panel expected that candidates would not find this difficult. However, the average mark shows this
was not the case. Surprisingly, a considerable number correctly mentioned changing flux and then
proceeded to assert the output wasDC. There was areasonably high correlation of the question mark with
the paper total.

2. Attempted 3118 Average 2.02 (50%)
This proved more difficulty than anticipated, mainly because the human body is flexible and internal
action is used to maintain balance. This has distracted the candidates. It would be interesting to see what
the response would beif the question were asked about a statue on one leg.

3. Attempted 3006 Average 2.26 (56%)
The candidates were able to demonstrate they understood how beats are formed, but their expression was
poor. Diagramswould have helped. Many seemed to have difficulty providing an example, some
apparently putting thisin as an afterthought.

4. Attempted 3057 Average 1.59 (40%)
A considerable number of candidates drew in graphs of the correct shape, but neglected to do it on the
same scale. On this scale, the breaking point of bone does not appear on the graph.

5. Attempted 3069 Average 2.60 (65%)
Thiswas another question that provided far more difficulty than anticipated. Most appreciated that the
important feature was the counterweight. However, asignificant number stated the supporting wires were
important.
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6. Attempted 3079 Average 3.21 (80%)
It was interesting that many answered the question using the example of 20 violins, even though the
question stated more than 20 violins.

7. Attempted 3079 Average 2.97 (74%)
The examiners were pleased that most candidates realized that the space station is affected by gravity.
However, a considerable number did not say (or realize) that the gravitational force provides centripetal
acceleration.

8. Attempted 3046 Average 3.25 (81%)
Most candidates were able to show they appreciated the relationship between magnetic field and magnetic
flux.

9. Attempted 3009 Average 3.43 (86%)
Again, candidates were well able to answer this question. A number did not realize the frequency of their
favourite radio station wasin MHz.

10. Attempted 3061 Average 2.32 (58%)
Many of the diagrams of wave fronts were poor, and frequently, aray diagram only was provided.

11. Attempted 3067 Average 2.71 (68%)
Some candidates came up with rather large eagles! The major error was the omission of the mg factor, and
in aproportion of casesthis had the wrong sign.

12. Attempted 3055 Average 1.70 (43%)
Poorly drawn diagrams often made it difficult for markers to interpret the answers. Many answers
included forces that were not forces exerted on the athlete.

13. Attempted 2996 Average 2.91 (73%)
Generally answered well, but some responses were not clear since the vector drawn was very small or non-
existent.

14. Attempted 3062 Average 2.76 (69%)
Most candidates know that it is current that isimportant in the transmission of electric power, but anumber
were unable to explain why.

15. Attempted 2749 Average 0.89 (22%)
The average mark shows that this question gave great difficulty. Many candidatesignored the statement in
the question, “If the earth were perfectly spherical.....“, and proceeded to say the equatorial radius was
greater than the polar radius.

Section B

1 Attempted 3102 Average 56% (whole question)
Attempted 928 Average 57% (part cA)
Attempted 1064 Average 52% (part cB)
Attempted 1044 Average 55% (part cC)
Thewording to thefirst part of this question was unambiguous, but it did require interpretation. Many
answers used the transition between the two closely spaced energy levels as the source of the sodium
yellow lines. One wonders how candidates think that this can produce two lines.
Although the alternative questions obtained reasonable marks, the answers were not impressive. Many
answers gave an example, but the physical principle, which was specifically asked for, was omitted.

2. Attempted 3121 Average 71%
The diagram was almost always correctly drawn. Many answers to the trajectory problem were quite well
done, but there were still many who did not resolve vectors or resolved them incorrectly. A surprising
number confused velocity and acceleration vectors. A significant number of candidates believe the ball
has zero acceleration at the top of itstrajectory. Although quite untrue, thisisavery common
misconception.

3. Attempted 3079 Average 55%

To quote one marker, “Instructions like use the graph open a Pandora’ s box when there are alternative
waysto answer the question”. Thisis quite true, even though the examiners would never even have
contemplated any means other than drawing a straight line and finding its gradient. Again, it isnecessary
to guide candidates starting their studies in physics to use the best technique.
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Attempted 3057 Average 55% (whole question)

Attempted 2060 Average 61% (part cA)

Attempted 981 Average 48% (part cB)

The problem centred on moments, and there were significant errors in many of the calculations. It would
help if candidates took the trouble to draw a good diagram. Many omitted to include the mass of the boat.
The human and animal frames question proved to be amore difficult alternative. However, most
candidates were abl e to recognize the essence of the situation even if they were not able to work through
the full ramifications.

Attempted 3055 Average 62%

Candidates handled this reasonably well although a surprising number forgot to square the radius even
though they had written it as a squared quantity on the previousline. Others added the radius of Ceres’
orbit and Ceres' radius, which is not correct if the radius of the orbit is taken between centres of mass. But
thisisasubtle error. Some of the responses were just guesses. Candidates frequently had difficulty in
working out which data was to be used in the various parts of the question.

Attempted 3023 Average 65%

Candidates do not find the topic of electromagnetic forces an easy one, but many handled this question
reasonably well. A few had the positions of maximum and minimum torque in part c) reversed, this
required interpretation of the diagram.

Attempted 3029 Average 49%

Although many had the correct direction for the magnetic field in part a), explanations were poor. In

part b), poorly phrased answers were much easier for the markersto follow if adiagram weredrawn. This
was probably the worst answered question in the paper in terms of clarity of explanation. Perhaps
candidates were unable to properly visualise the situation. For part c), very few chose the correct option of
A, most selecting C, stating that the current was always in the same direction. Thisisamore difficult
topic, so perhapsthereisreason for these errors.

Section C

1

Attempted 3082 Average 45%

The majority of candidates answered part @) correctly, although many were unable to support this response
from the material provided in the article. Part b) was poorly done, amajor error being quoting Planck’s
constant as Js* and not Js. Part ) was quite difficult, but was not badly done (average 58%). Very few
provided the best response of 180° for the scattering angle, but thisis a subtle point. Most had some sort
of idea about part €), but few recognized the connection between force and change in momentum, and
diagrams were generally poor.

Attempted 2964 Average 59%

Most answers to part @) were correct, although in most answers the reasons given were extremely brief and
few referred to information from the article. Parts b) and c) were reasonably well done. Most responses to
part d) showed the magnetic moments correctly aligned, and avery frequent error wasto have these in the
wrong direction compared to the motion of the magnet.

POINTS FOR CONSIDERATION BY THE SYLLABUS COMMITTEE

Some comments were made by candidates that they preferred questions on the syllabus rather than have a
comprehension and interpretation section. It could be useful for the Syllabus Committee to review the function and
weighting of this section of the paper. Another comment was made that, in answers where quite unreasonable
numerical answers were obtained, marks should be deducted.

lan Bailey
December 2001

2001 Examining Panel

Chief Examiner: Dr lan Bailey

Deputy: Mr George Przywolnik
Third Member: Dr Geoff Swan

Chief Marker: Dr lan Bailey
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PHYSICS TEE 2001 MARKING GUIDE

NOTE: The purpose of this guideisto provide an outline for markers to use in awarding marks to student
responses. Itisimportant to appreciate that thisis NOT a set of model answers but presents the principles of which
students should demonstrate understanding. The guide as presented hereis adraft version only. After discussion at
the markers' meeting, modifications could be made.

Wherethe symbol Y appearsin this guide, it indicates that the statement following is akey concept which should
be presented in the answer.

SECTION A

1 Always aternating (2 mark)
Y  Transformers can only operate with changing flux. (3 marks)

2.  Stableequilibrium (best answer) (2 mark)
Y Requires small, but not zero, displacement to become unstable (tip over).

(3 marks)

Unstable equilibrium can be given 3 marks if reasoning is correct (students may consider
very small close enough to zero).

3. Y  Answer should include
- two waves of differing frequency (2 mark)
- waves interfere to produce beats (2 marks)
- appropriate example from context (1 mark)

Give appropriate credit for diagrams.

4. Graph should be drawn with the appropriate scale (3 marks)
Line should continue over whole width of graph. (1 mark)

5. Y  The counterweight is the important feature. (1 mark)
Y Load exerts large torque when arm is long (2 marks)

Y Large counterweight opposes this torque. (2 mark)

6. Estimate 12 - 50 violins (2 mark)
Correct calculation (3 marks)

7. Station is affected by gravity (2 mark)

Y Gravitational force provides centripetal acceleration to keep the station in its orbit.
(3 marks)
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8. Magnetic flux is F
A
Estimate r = 02m (range 150 - 500 mm)

F = 50" 10° p” 004 = 6° 10° Wb

(2 marks)
9. Estimate frequency of 98.5 Mc (for example) (1 mark)
Photonenergy E = hf (2 mark)

E = 6626 10% 985" 10° = 65  10% J
(or4” 107 eV) (2 marks)

10.  Diagram should show

- wavefronts (1 mark)
- wave fronts angling at the boundary (1 mark)
Essential property of the mediais the speed of sound (2 marks)

B A (1 mark)
prl (1 mark)

11.  Theupward acceleration of theeagleis a = F/m where F isthe net upward force

(1 mark)
F = Fv- mg (2 mark)
where F, is the force on the eagle’ s wings.
Fw = F+mg = mV/, + mg (1 mark)
Estimate mass of eagle as 5 kg ,
Fw = 5(%/g5+9.8) = 83N (1 mark)
12. 1 mark for each force
1 mark for all forces in the correct direction.
13. Y Direction of travel must be such that it is tangential to the magnetic field.
(4 marks)
14.  Power istransmitted at high voltages (1 mark)
Y The power lostis 1> R (2 marks)
Y Using higher voltages means that currents are lower, causing less power |oss.
(1 mark)
15. Y Part of the total gravitational force provides centripetal acceleration.
(4 marks)
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SECTION B
1 a 1)  Minimum energy = 5.3 eV (2 mark)
i) Y Arrow represents electron falling to a lower energy level (2 marks)
Result is the emission of a photon. (1 mark)
by i) Y Two energy levels are very close together (2 mark)
Y Electron transitions from these energy levels to the ground state
produce almost equal wavelengths.
| = ho/E = 6626 10 3” 16°, (2.103° 1.6" 10%) = 591 nm
(2 marks)
i)  Any transition with alower energy level difference (2 mark)
Y Lower energies correspond to longer wavelengths. (1 mark)
c i)Y There are lines in the spectrum. (1 mark)
Y These lines can be used to identify specific elements (2 mark)
i) Y Benefit must include the main physical principle. (3 marks)
d 1) Y The laser contains a specific element (1 mark)
Y Each element emits its own characteristic wavelengths. (2 marks)
i) Y Benefit must include the main physical principle. (3 marks)
e i) Y Coloured lights contain a specific element (1 mark)
Y Elements emit line spectra (1 mark)
i) Y Benefit must include the main physical principle. (3 marks)
2. 1)  Diagram should show a parabolic path (2 mark)
i)  With air resistance, ball hits ground earlier (1 mark)
Y Air resistance reduces the ball’ s velocity.
(2 marks)
iif) At no time is the acceleration zero (1 mark)
Y The gravitational force provides a constant vertical acceleration
(2 mark)
b) i) Considering the vertical direction (1 mark)
Vv = # +2as = (55sin1.5)* + 2(-9.8)(-0.35)
v = -2988ms?
(2 marks)
g= Y U2 2988 906n1S g 4sr (2 marks)
a 9.8
i) Horizonta distance travelled is
s = vt = 55cos1l5” 0452 (2 marks)
s = 248m (2 mark)
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3. 3 ) Y This makes the graph a straight line (2 marks)
-2
i) m:l: for(.:e _MLT — ML
v veodty 2 L°T?
So the units of mare kg mi* (2 marks)
b) Slope = (45000 - 15000) , (210- 75) (2 marks)
Sincev = (UM T (1 mark)
Sope = 1/m = 3000/135 (2 mark)
Fromwhich m = 450gm* (1 mark)
C) Thewaveveocityis v = T = ,/&3 (2 mark)
m \45 10
Thewavelengthis2” 0.76 so we can find the frequency (1 mark)
f = vl = 110cps (2 marks)
d) Diagram should show 3 loops (2 marks)
i) Y String vibrate transversely to its length (1 mark)
Y Sound waves travel transversely to the string (2 mark)
Y This is the same as the direction of the vibrations (in air) (1 mark)
4. a) Direction of the force is upward (2 marks)

Y Torque produced by the force of gravity on the boat is anticlockwise.

(1 mark)
Torgue exerted by hitch must balance this (2 marks)
There are no horizontal forces
b) (1 mark)
(12 mark for direction)
Clockwisetorque = anticlockwise torque (2 mark)
Taking moments about the axle (1 mark)
Fhitth = 2.3 + Froor 1.2 = Fpeg” 05 (1 mark)
650" 9.8" 0.5- 72" 9.8" 1.2
Fiten =
2.3
= 1017N upwards (1 mark)
C) Y Force exerted by person is some distance from the pivot (2 marks)
Force exerted by the boat is much closer to the pivot (1 mark)
Smaller force is required to exert the same torque (1 mark)
d) Y On the bar, the arms have to support the entire body (2 marks)

Doing pushups, the feet provide some of the force to support the body

(2 marks)
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_GM _6.67 10" 1.11" 10*

5 & 3 marks
) r (386" 10°)? ( )
= 0497ms? (1 mark)
b) accdlerati on = F_ GI;/I (2 marks)
moor

, -4 - , 30

_6.67"10 : 1.?92 10 (1 mark)
(414" 10°)
= 774" 10* ms? (1 mark)
0) a=Vh o v=0(@r (2 marks)
= O[7.74" 10" 414" 10% (1 mark)
= 179" 10* ms? (1 mark)
d) Estimate wireradius = /20 mm = (1 mark)
From Y = FI / (A Dl) (1 mark)
Dl = Fl _ ' 1.E'3 0.497, 1.5 , (1 mark)
AY p’ (0.05 10%)?"1.16" 10"

= 1.23mm (1 mark)
6. a F=1IB (1 mark)
= 56" 10° 0.45 (2 marks)
= 0.0252N (1 mark)
b) torque = r” F”~ (number of loops) = (2 sides) (2 marks)
= 286Nm (2 marks)
¢) Torque is maximum for position 1 (2 marks)
Torque is minimum for position 3 (2 marks)

Examiners Report on 2001 Tertiary Entrance Examination — Physics



PHYSICS TEE 2001 MARKING GUIDE

7. @) Fiedisverticaly downwards (1 mark)

Y N pole is a (geographic) north seeking pole

Thus geographic north is magnetic south (3 marks)
b) Maximum emf occurs at the bottom of the swing (1 mark)
Y emf is a maximum when the velocity is perpendicular to the magnetic
field lines
(3 marks)

(2 marks can be dlocated for a statement that the velocity is greatest at that point)

C) Graph A is most likely (2 mark)
Y emf must be alternating (2 marks)

Y line can’t be straight since velocity varies
(1 mark)

Taken together, these give a peak at the bottom of the swing, rapidly decreasing
away from the bottommost point.
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SECTION C

1 a Particle property (2 mark)
Y  possible reasons are momentum is a property of particles, or collisions are
characteristic of particles.

(2 marks)
b) paticle: p = mv = kgms! (1 mark)
photon: p = Wl = Jsm = kgnfs?sm?
= kgms? (3 marks)
c) 1) X-ray photon has the larger momentum (1 mark)
Reason : It has a smaller wavelength (1 mark)
i) E= fe e | = fe
I E
- 3 - - -19
pzﬂzh_E:Ezllo 10' 1.86 10 (2 marks)
Il ho ¢ 3" 10
p = 587" 10®kgms? (1 mark)
iii)  Needsto be scattered through 180° (1 mark)
Y cos (180) = -1 so change in wavelength is greatest (1 mark)
d) | ¢=1 +L(1- cosq) = E+L(1- cosq) (1 mark)
mc E mc
= 1.251" 10%m (2 marks)
hc . -14
E¢= T =1.59"10"J (2 mark)
= 99.2 keV (1 mark)
Hence energy of electron is 19.8 keV
2) Y  Photons have momentum (2 mark)
Y changein momentum (on reflection) creates aforce (1 mark)
/ Force
photon
(2 marks)
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2. a Magnetic moment is a vector
Y Magnetic moments have both size and direction

b) Would not expect a constant frequency
Y Magnetic domains flip at random

Thus there is not a constant time interval between events

C) Best described as noise

Y Random events produce noise

d) Magnetic moments should al point in approximately the same direction

Arrows should point in the opposite direction to the magnet’s motion.

(1 mark)
(3 marks)

(1 mark)
(2 marks)
(1 mark)

(1 mark)
(3 marks)

(2 marks)
(2 marks)
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