2024 ASSESSMENT REPORT
PHY415115 PHYSICS 4

General Comments

Overall, the examination included a broad range of questions that required students to
demonstrate knowledge of most of the course content. Candidates were given ample opportunity
to accumulate marks across all four sections of the paper, and it was observed that few students
scored very low numbers of marks.

Criterion 5 — Newtonian Physics
Question 1

General Comments

This question was done moderately well by a majority of candidates, although relatively few
candidates secured full marks. In many cases, candidates who received very few marks for parts
b) and c) were able to secure full or close-to-full marks for parts d) and e).

Question 1a)

Answer

Marking Notes

e 0.5 marks were deducted if forces weren’t roughly to scale.

¢ 0.5 marks were deducted if the angle wasn’t roughly to scale.

e 0.5 marks were deducted if net force or centripetal force were shown as forces (dashed lines
OK).

¢ 1 mark was deducted for any force shown acting away from the parent (either horizontal or
angled).

Marker's Comments
Surprisingly few candidates received full marks, mostly due to issues of scale. A large number of
candidates showed a “centripetal” force acting oppositely to the force of the parent on the child.
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Question 1b)

Answer

= 25x9-3l [sm20°

Marking Notes
e 1 mark was awarded if a trigonometric relationship was recognised but incorrectly applied.

Marker’s Comments

Many candidates confused the centripetal (net) force and the force of the parent on the child.
Other common errors included using cos or tan instead of sin, attempting to use Pythagoras’
Theorem with insufficient information, or attempting to use the formula for centripetal force (also
with insufficient information). It is important to note that, although a vector triangle was not
explicitly required by the question, the use of a triangle correlated strongly with success.

Question 1c)

Answer

= 6?‘{ N CCI“VOH\kjl

Marking Notes
o Full marks were awarded for correct use of Pythagoras’ Theorem as an alternative approach.
¢ 0.5 marks were deducted if a correct direction was not included in the answer.

Marker's Comments
The use of a vector triangle in part b) correlated strongly with success in this part of the question.

Question 1d)

Answer

Marking Notes
¢ 0.5 marks were deducted if the force of the parent on the child was used instead of the net
force.

Marker's Comments
This question was done well by a majority of candidates. Most were awarded full marks, although
in many cases due to an allowance for a previous error carried forward.
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Question 1e)

Answer
o kE2a e Pag w el B e
oY BUT

Marker's Comments
This question was done well by a majority of candidates. A large proportion successfully used an
alternative approach starting with the formula for centripetal force.

Question 2

General Comments

This question was done moderately well by a majority of candidates, although very few candidates
secured full marks. In most cases, candidates failed to properly include the frictional force, with
implications for parts b) and d).

Question 2a)

Answer )
..... Er_(EZ,,XW\jOfMOOQ%(
(00
................................................. =..0:98. N

Marking Notes

e 0.5 marks were awarded if the candidate calculated 10% of the parallel component of the
weight.

¢ 0 marks were awarded if the candidate calculated 10% of the mass of the cart.

Marker's Comments
A surprisingly large number of candidates made one of the errors indicated above.

Question 2b)

Answer
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Marking Notes
¢ 1 mark was deducted for subtracting the frictional force rather than adding it.

Marker’'s Comments
This question was moderately well done. In most cases, a correct diagram led to a correct answer.

Many students carried errors forward from part a).

Question 2¢)

Answer

Marker’s Comments
This question was done well by a majority of candidates. An energy-based approach could work in
theory but was not successfully done by any of the candidates who attempted it.

Question 2d)

Answer
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Marking Notes
¢ A maximum of two marks were awarded if the candidate did not recognise that the
acceleration for the downwards motion is different to the acceleration for the upwards motion.
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Marker's Comments

Very few candidates achieved full marks for the question. Common errors included only showing
the upwards motion, making the downwards motion symmetrical with the upwards motion, ignoring
downwards motion completely, and using curved lines on the graph.

Question 3

General Comments

This question was very well done overall, with most candidates securing close-to-full marks.
Calculation errors were frequent but were minimally penalised in the cases where candidates had
written out the values that were being input to the calculation.

Question 3a)

Answer

"
o~
G~
~J
S
Q
>
3
~J
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o
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Marking Notes
¢ 0.5 marks were deducted if the diameter was used, as opposed to the radius.

Marker's Comments
This question was done well by the majority of candidates. Common errors included failing to
halve the diameter, failing to square the radius, and failing to convert kilometres to metres.

Question 3b)

Answer

: 244 v (0F <

........................................................................ B s B RR A SRS RS B e RS H RS

Marking Notes
¢ 1 mark was deducted for using the pulsar radius from part a) instead of the orbital radius.

Marker’s Comments
This question was done well by the majority of candidates. Common errors included calculator
errors, failing to correctly convert seconds to days, and using the pulsar radius instead of the

orbital radius. Some candidates attempted to use the relationship between period squared and
radius cubed, incorrectly interpreting the radius of the pulsar as a radius of orbit.
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Question 4

General Comments

This question was well done by a good number of candidates but caused problems for an even
larger number. In many cases, the derivations in part a) weren’t well done, but the calculation in
part b) was done correctly. The terminology “derive” appeared to have caused confusion for some

candidates.

Question 4ai)

Answer

Marker's Comments
Candidates who achieved success on this question recognised that it required them to equate two

formulae for the horizontal component of the initial velocity.

Question 4aii)

Answer
VAT RN VY A — - Y A A
.............................................. t'“vza’t/(’z)
o %'-Mvéf}'"ng\; ........... sk’ = 280 xb
Pk Ay 2 AN OT :—Z

|

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

Marker’'s Comments
An alternative approach involved using s = u,t + %at2 for vertical motion, with s = 0 and a =

—9.81.
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Question 4b)

Answer

cost0® x sin40°

Marker's Comments

There were a number of successful approaches to this question, including finding a value for time
and substituting to find the velocity. Overall, this was done successfully by a large proportion of
candidates, even if part a) was unsuccessful.

Question 5

General Comments

This question was very well done by a large majority of candidates.

Question 5a)

Answer

= fen” [3%/325)
PA = SO'éo

3 Ph)lvk 5 5!2 ’Lﬁms"
NS0 6°W

? I’O\’A'

Marking Notes
o Marks were awarded here for a direction calculation even if the calculation was performed in

part b).
Marker's Comments

Common errors included calculator error, simply adding momentum (rather than a vector addition),
confusing east with west, reversing the final momentum vector, and inverting the tan ratio.
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Question 5b)

Answer

Marking Notes
e 0.5 marks deducted for not including direction with the velocity.

Marker's Comments
This question was done well by the majority of candidates.

Question 6

General Comments

This question attracted a broad range of responses, although even those candidates who
answered it poorly overall were able to secure some marks. The most common error, as might be
expected, was that candidates completely ignored the weight of the rocket and treated the force of
the rocket motors as the only force acting. In many cases, this was despite having correctly shown
the weight force on the diagram in part a).

Question 6a)

Answer

Fﬂvvlt

Marking Notes

e Fiyuse Needed to be visibly larger than F;. Many candidates usefully added a note to this
effect.

e Drag or frictional forces were not required but were also not penalised.

e Some candidates included a normal force, which was not penalised if shown appropriately.

Marker's Comments
The most commonly occurring error was the relative scale of the two forces.
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Question 6b)

Answer
LSRR o! S Y Wt A
E.@,..‘T...E;,,,,,..I..@ ........................... ket ] oo T L SOOI
_____________________________________________________________________________ - 780005 (2.0.981)
= 92 % (0° N

Marking Notes
¢ 0.5 marks were awarded if the weight force was not included in the calculation.
e 1 mark was awarded if the weight force was subtracted from (rather than added to) the net
force.

Marker's Comments
A surprising number of candidates failed to include the weight force in their calculation at all.

Question 6c¢)

Answer

Marking Notes

¢ 1 mark was awarded if the candidate ignored the weight force but correctly used the value of
the force provided by the rocket motors from part b).

¢ 2 marks were awarded if the candidate subtracted (rather than added) the value of 9.81.

Marker's Comments
This part was well done by the candidates who successfully answered part b), and poorly done by
candidates who did not successfully answer part b).

Criterion 6 — Electromagnetism

The Electromagnetism part of the Physics paper was a well-balanced section, giving the
candidates sufficient time to answer all the questions. The questions covered the range of
standards giving candidates plenty of opportunity to demonstrate their knowledge and skills.
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Question 7

Question 7a)

Answer

Marker's Comments
This was generally well answered by most candidates. The most common mistakes included:

e using the field equation E = ’:—Z and then using F = Eq but making a mistake with the charges,

often using single charge or double charge for both
e writing the correct equation but forgetting to square the radius
¢ using the charge of single electron instead of double for the calcium ion.

Question 7b)
Answer

Marker's Comments
This question was WeII answered by most candidates. Candidate mistakes included:

e thinking that T =2.2x10°
e usingE = E’ V= " £ and then E = %mvz, resulting in a lot of confusion, making the problem far

more complicated than it needed to be.

Question 7c¢)

Answer

Marker's Comments
This question was well answered by most candidates. The most common error was using e as the

charge, rather than 2e).
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Question 7d)
Answer

Marker’'s Comments
This question was well answered by most candidates. Most common mistake was forgetting to

square the v or to keep the factor of 2.

Question 8

General Comments
Some candidates believed that they had to use the numbers provided in some way to determine
their answers and as a result missed what the questions where actually asking.

Question 8a)

Answer

........ hy. L. eddy _cureels el ograse (be coils Gedd.
j dj = TL\C/C(M ard plate (epdd eoch othe.

Marker’'s Comments
This question was well done by some candidates. Most common mistakes included:

e using Fw in their explanation
e discussing electrical charge
e many students incorrectly justified using the Right Hand Rule.

Question 8b)

Answer

Marker's Comments

Most candidates got this correct. Most common mistakes included stating that the copper disc
would fly away or fall off. Candidate errors were largely due to their misunderstanding of what they
were being asked to describe.
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Question 8c¢)

Answer

Marking Notes

e This question did not indicate whether it was a continuation of 8A or 8B, as a result the
responses varied according to the candidate’s choice. Most candidates attempted the question
and provided a reasonable response.

Question 9

Question 9a)

Answer

Marker’'s Comments

This was generally well answered by most candidates. Many candidates did not include a
statement like Ep=Ex to justify the next step in solving the problem. Mistakes included getting
confused with E-field and Energy symbols.

Question 9b)
Answer

Marker’s Comments
This question was well answered by most candidates. The most common mistake was not stating
the direction of the E-field.
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Question 9c¢)

Answer
...... Ez.80 2. 00F = 2ASK O S
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..... vl s bo = Lx(Q x(6x(0™" . 303x(0°
m m QA x (03" ms~?

o n
R s e s samnsnss e IS A A SRR S L S AR RS ST e At e A SRS

9: ton! (1'5'0/3'2“53

= Z ‘f 7 4 E@(o(,.; hat\ZOﬂ"@A

Marker's Comments

This question was generally well done by many candidates. Common mistakes included:
¢ making a vector triangle with displacement rather than velocity

¢ mistakes with scientific notation resulting in magnitude errors.

Question 9d)

Answer

Marker's Comments
This question was generally done well by candidates. The most common mistake was using a
component of the velocity rather than the full vector.

Question 9e)

Answer
- / 7.00cm
: < e taete ey
— | A
7] b Electron Stream | 5 OQ“ O ®) o
+— | | e
\ |

Marker’s Comments
Poorly done by many candidates, opposite field indicated, due to forgetting that it is an electron.
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Question 10
Question 10a)

Answer

F(; - IQ&S((\&

Marker's Comments
This question was generally well answered by most candidates. The most common mistake was
not multiplying ‘L’ by 30 because the wire rectangle consisted of 30 turns.

Question 10b)

Answer

Marker's Comments
This was answered well by most candidates. The most common mistake was stating that it would
move clockwise as a result of using the RHR incorrectly.

Question 10c)

Answer

Marker's Comments

This question was generally well answered by most candidates. The most common mistakes

were:

¢ not explaining the continued aspect of the motion

¢ missing the fact that the current would always be in the same direction within the field so that
the forces would also stay in the same direction.
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Question 11

Question 11a)

Answer

Marker's Comments
This question was well answered by most candidates. Most common mistakes included:

e using Fz = quB
e not turning the frequency into a period (using 50 instead of 0.02).
Question 11b)

Answer

Marker's Comments
Generally, well answered by many candidates. Mistakes included:

e using velocity in cm/s rather than m/s
¢ not multiplying the length by 30 (30 coils)
using the 310cm/s instead of the answer that they actually calculated from 1a).

Question 11c)

Answer
f voltage

time
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Marker’s Comments

This question was poorly done by a lot of candidates. There were lots of errors, including:
e drawing a full sine wave (+ve / 0/ -ve)

e drawing a horizontal line at 0.943V

e drawing a line on a negative slope

e drawing square waves

e drawing triangular waves.

Given that the question incorrectly referred to Figure 11 for the starting position of the coil (as
opposed to Figure 10), the starting value for the graph was ignored in marking.

Question 11d)

Answer
TaVIR oo ] Fo.2. TLBs0® .
........... . 07‘0/30‘t7‘5*(01x(30*005)*02
........... SO A2 Qi QU N

Marker's Comments
Generally done very well by most candidates. The most common problem was with error carried
forward from 11b).

Question 12

Although there were conflicting values in the question, this had little to no evident impact on
candidates. The majority of candidates used the correct values indicated in the diagram rather
than the incorrect value from the text. Some candidates removed the 10cm value from the text and
wrote 7cm above it, as per the instructions given by the exam invigilators.

A very small number of candidates used 10cm for all 3 sides or used 7cm, 10cm, 7cm. Of those
that did, their answers were correct.

Candidate responses were marked according to the numbers they used.

Question 12a)

Answer

4.0 uC 6.7 uC
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Marker’s Comments
Candidate responses varied greatly. A common response was treating the charges as wires where
the current was going in or out of the page.

For those that drew point charge field diagram, common mistakes included:

¢ incorrect density of field lines

e shape of the field lines

e direction of the field lines

e drawing a symmetrical diagram instead of asymmetrical as one charge was bigger than the

other.
Question 12b)
Answer
51n9 - 51n(20°
. B, e
334 132
. @ sin (134 = 50120
172
: 21-3°
spts 30" =20-F°
= 837

e 0077

Marker's Comments
This question was done well by some candidates. The most common mistakes included:

e not drawing a vector diagram to determine field strengths and direction

e treating the problem as a right-angle instead of having an angle of 1200 between E1 and E2

e drawing the vector diagram incorrectly. (e.g., drawing it so that ET was right of the vertical, or
even upside down)

¢ commonly forgetting to find the angle for the direction.

Question 12c¢)

Answer
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Marker’s Comments

This was generally done well by most candidates. Errors carried forward was common as
candidate responses from 12b) was required to answer 12c¢). Some candidates misread the
guestion and attempted to find E instead.

Criterion 7 — Waves
Question 13

Whilst completed well in general, candidates are reminded to attempt to represent sinusoidal
shape when drawing wave patterns.

Question 13a)

Answer

A i an*\f‘()dli
MmaXimurn~ awr‘\‘“ﬂ
o A (onshuchue e lererce

N: I\odxﬂ-

Mmanumuyn OV"‘P"‘VJL
deshruchve inler fecerce

Marking Notes
e 1 mark was awarded for the sketch portion.
e 2 marks total for the explanation, with the general approach of:
- 1 mark for resonance
- 1 mark for standing wave
- 1 mark for reflection
- 0.5 for constructive and destructive interference.

Marker's Comments
Supporting sketches were generally good. Candidates who mentioned resonance, reflection and

standing waves did best.
Question 13b)

Answer

Marker's Comments
Very well done by the majority.
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Question 13c)

Answer
al L al

Marking Notes
¢ 0.5 was awarded for candidates who represented the correct wave form with no end-
correction adjustments.

Marker's Comments
Generally well done, although a small portion of candidates did not show the error correction, only
placed it on one side, or placed the antinodes inside rather than outside the openings to the pipe.

Question 13d)

Answer

Marking Notes
¢ 0.5 was awarded to candidates who drew the first overtone in the open-open pipe.
e 1 was awarded to candidates who drew the first harmonic in an open-closed pipe.

Marker’s Comments
Generally well done, with occasional confusion around correct overtones or using the wrong type

of pipe.
Question 14

Candidates found this to be one of the more challenging questions in this criterion. Wider
applications of Young’s Double Slit principles (e.g. two-source waves such as this, two speakers at
a concert, two telescope receivers) should be approached in much the same way as conventional
monochromatic Young’s Double Slit setups.
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Question 14a)

Answer

|

[ Harbour
‘ ‘ [ wall

[

\

|

Sea wall

Marking Notes
e 1 mark for concentric circles.
¢ 1 mark for matching wavelength A before and after sea wall.

Marker’'s Comments

The circular shape of wavefronts, emerging from an application of Huygen’s principle, were
generally well-represented. However, many candidates did not attempt to maintain A across the
sea wall. Some candidates noted that 4 was maintained with a note, which is also satisfactory.

Question 14b)

Answer

3007

Marking Notes

e 1 for the sketch portion.

e 1 for a suitable calculation.

e 1 for correct application of the calculated result.

Marker’'s Comments

It was common for candidates to demonstrate a partial understanding and receive partial marks.

Common errors and misconceptions included:

¢ incorrect path difference methods (e.g., using trigonometry, Pythagoras, division) rather than
simply subtracting the path lengths

¢ no path difference calculations or mention
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e associating a (n — %) A path difference with adding a node and an antinode together, rather
than two perfectly out-of-phase wave paths.
Question 14c)

Answer

A 200

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

Marker's Comments
Generally well done.

Question 14d)

Answer

Marker’s Comments
Candidates who demonstrated their understanding of the derivation or limitations of W = %x did the

best, such as when referring to the small angle approximation or the need for x > d. When
candidates took other directions, but were clear and accurate, they were also rewarded.
Candidates who gesticulated non-specifically in the direction of ‘external factors’ were not
rewarded.

Question 15

This question was completed to a high standard in a large majority of cases.

Question 15a)

Answer

AT o et SO,
...................... T A A [« 4 1 S
( = 484"
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Marking Notes
¢ Only 2 out of 3 marks were awarded where candidates failed to correctly account for the
water-air interface being at right-angles to the glass/water interface.

Marker’s Comments
The majority of candidates did well, with only a small minority omitting the 90 — 6 or applying 90 —
6 in the wrong place.

Question 15b)

Answer

........ Cﬂhwlwﬂfeggsln'('/'“)

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

Marker's Comments

Generally well done, with two main approaches, both of which could receive full marks. One
approach was to evaluate the critical angle and show that it was not met, hence leading to
refraction rather than total internal reflection. The other approach was to proceed as if refraction
could occur, and show that 6, was less than 90°.

Question 15c¢)

Answer

B

e mm
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Marking Notes

e 1 mark awarded for the first refraction.

e 1 mark awarded for the second refraction.

e 1 mark awarded for the correct interpretation, that the angle of emergence into the water was
the same in either case.

e 1.5 marks total for candidates who found the first angle of refraction, and calculated the
vertical displacement, but no further working or reasoning.

Marker's Comments

To receive full marks, candidates need to show that the angle with which the light emerges into the
water was the same in either case. A small number of candidates were able to show this by
demonstrating that the ‘middle’ refraction term cancelled out by combining multiple Snell’s law
refractions into the original one.

Question 16

General Comments

e This question was answered very well by the candidates with many candidates gaining full
marks or close to full marks.

e More care could have been taken by students drawing their sketch diagrams and some
candidates did lose a small amount of half marks because of this.

Question 16a)

Answer

W

Pulse Pulse direction

(_/\Fixed end\.
[

Marking Notes

e 1 mark for correct diagram with the reflected pulse with correct orientation.

e Loss of 0.5 mark if the reflected pulse had noticeably higher amplitude or the asymmetry (if
shown) was wildly incorrect.

Marker’s Comments
This question was answered very well. Generally speaking, if the reflected pulse was shown with
the incorrect orientation, then Question 16b was also incorrect.
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Question 16b)

Answer

Free end

S
S ——= = |

Pulse Pulse direction

Marking Notes

e 1 mark for correct diagram with the reflected pulse with the correct orientation.

e Loss of 0.5 mark if the reflected pulse had noticeably higher amplitude or the asymmetry (if
shown) was wildly correct.

Marker’s Comments
This question was answered very well. While obvious to the markers, it would have been helpful
for students to draw an arrow showing the direction of the pulse.

Question 16c¢)

Answer

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

Marking Notes
e 1 mark was deducted for failing to do the required unit conversion, so the mass was converted
into kilograms.

Marker’'s Comments

This question was largely well answered but the most common error was for candidates to forget
to convert from g m™?! into kg m~!. Some candidates thought that T in the formula meant period
instead of tension and were unable to proceed further.

Question 16d)

Answer
It will slow down due to the heavier string (1 increasing implies v will decrease).

Marking Notes
e 1 mark for correctly stating that the pulse will slow down.

Marker’s Comments

The description (“slower”) required in the answer was almost universally provided, meaning that a
vast majority of candidates gained full marks. However, many candidates were fortunate that this
was a ‘describe’ rather than ‘explain’ or ‘justify’ question, as the candidates that went on to explain
their reasoning often did not consider the heavier mass per unit length in their thinking.

TASC Assessment Report PHY415115 Physics 4 2024
Page 24 of 38

Version 1.0 — February 2025 TASMANIAN

1%8 ASSESSMENT, STANDARDS

& CERTIFICATION




Question 16e)

Answer
Before:
String A String B
\/
After:

StingA = /\ String B

—=

Marking Notes

¢ For full marks candidates needed to show on the diagram the different speeds of the pulses,
the correct orientation and some attempt at indicating a change in amplitude of at least one of
the pulses after interaction with the boundary.

Marker's Comments

While many candidates gained most of the marks, few of them gained full marks. Many candidates
realised that there would be changes in amplitude for the reflected and transmitted pulses but did
not clearly show that the transmitted pulse would be travelling at a reduced speed (and therefore
closer to the boundary of String A and String B) than the reflected pulse. Some candidates
confused the orientation of the pulses, although there was an opportunity for some very limited
error carried forward from how 16a) and 16b) were answered. While not specifically looked for in
candidates’ answers, it is pleasing to note that many candidates realised that the pulse in String B
will have a shorter wavelength.

Question 17

General Comments

e This question proved more challenging than Question 16. Certain parts were very well
answered with other parts being very poorly answered.

Question 17a)

Answer

S waves are transverse (they don'’t travel into the liquid outer core).
Marking Notes

e This obtained either 1 mark or O marks.

Marker's Comments
This question proved very easy for candidates that had read the description of the question with
less than 5% of candidates not getting the full mark.
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Question 17b)

Answer
A liquid cannot provide the required restoring force (it must be perpendicular to the wave’s
motion).

Marking Notes
¢ 1 mark if the idea of a restoring force is mentioned, with a partial mark if the restoring force
idea was implicit in the candidate’s answer.

Marker's Comments

It was clear in answers to this question that candidates were almost universally unaware of the
idea that transverse matter waves cannot be transmitted through a liquid (unlike electromagnetic
waves). The most common incorrect explanation was that liquids are incompressible. Only 3% of
candidates were able to answer this question correctly.

Question 17c¢)

Answer
Incident P wave

Mantle
Outer core

Marking Notes
e Either 1 mark or 0 marks was obtained by each candidate.

Marker's Comments

This question was done very well. The most obvious error was that candidates drew the angle of
refraction as greater than the angle of incidence. A few candidates did not show a sufficient
difference in angle for their intention to be obvious in their answer.

Question 17d)

Answer
0, < 6; which implies the wave must slow down when it crosses the boundary.

Marking Notes
e This was marked as either 1 mark or O marks.

Marker’'s Comments

This question was done well with an opportunity for the error in 17c¢) to be carried forward. Many
candidates gave additional reasoning which was not required and was often incorrect but did not
lose them marks as they correctly deduced the answer from 17c). The most common incorrect
reason was due to increasing density which was wrong and may be because candidates are
confusing the idea of optical density with light waves (which slows them down), whereas sound or
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earthquake waves travel faster in a denser medium (particles are closer together). Liquids are less
dense than solids.

Question 17e)

Answer

Gradual increase in density causes corresponding gradual increase in wave speed. This causes
waves to smoothly curve away from the normal to the line of equal wave speed. Since these “equi-
speed” (contour-like) lines are curved due to the spherical geometry of the mantle or outer core,
the wave direction will begin to smoothly curve back towards boundary when the wave direction
becomes tangent to this equi-speed line.

Marking Notes

e The ideas of gradually increasing density causes increasing wave speed and that the direction
of the wave will gradually curve away from the region of increasing wave speed (or similar
ideas) were required for full marks.

Marker's Comments

Many candidates found this part of the question to be particularly challenging and only a few
achieved full marks, although many achieved at least 1 mark. The most common misconceptions
were that increasing density causes a decrease in wave speed and that if a normal is drawn from
‘equi-speed’ lines, that the wave would be bending in towards the normal rather than away from
the normal. When candidates talked about “refractive index” instead of “wave speed” then they
also could get confused thinking that a denser medium would mean a higher relative refractive
index for P waves. This is true for light but not sound (which is the other way around). In fact, it is
best to use wave speed to think about sound/earthquake waves and refractive index to think about
visible light and other electromagnetic waves.

Question 18

General Comments

e This question was very well answered, although a few candidates who clearly demonstrated
elsewhere in the question that they understood this topic very well missed labelling the regions
of constructive and destructive interference on the diagram and thus the 2 marks associated
with that simple process.

Question 18a)

Answet . C: gors buchee 0: deshuchve-
C e % C ¢
ol mvanﬂ(\ﬂ Dol .ﬂﬂﬂﬂ(\ﬂn@nnﬂ,
b iy ’U\ L
10 T.me_:.:.(:m 5%0 60
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Marking Notes
¢ 1 mark for labelling constructive interference and 1 mark for destructive interference with a
loss of 0.5 mark if the regions appeared to overlap because of messy labelling.

Marker's Comments

This was almost universally done correctly by candidates. Only a small minority incorrectly thought
that the wave form above the horizontal axis indicated constructive interference, with the wave
form below indicating destructive interference.

Question 18b)

Answer
See the “one beat” annotation on the diagram to the answer to 18a).

Marking Notes
e 1 mark for a beat correctly identified, with a loss of ¥2 mark if the boundary was too imprecise.

Marker's Comments

This was done very well, except for candidates that chose to skip this part (and often the next part)
of the question. A few candidates incorrectly identified a beat as being from peak to very close
adjacent peak of the high frequency sinusoidal curve instead of being from the high point of the
amplitude envelope of one envelope to the adjacent envelope.

Question 18c)

Answer

Marking Notes
o Partial marks were awarded if the beat identified in 18b) was measured wildly incorrectly, if
the milliseconds were not converted to seconds, or the period rather than frequency was
stated.

Marker's Comments

While many candidates achieved full marks, the most common errors were due to forgetting to
convert the time to seconds or not applying the well known f = 1/T correctly. The best answers
measured the time for several beats and then divided by the number of beats to minimise
measurement errors. There was an opportunity for error carried forward if candidates incorrectly
identified the beat in 18b).

Question 18d)

Answer

Marking Notes
e Candidates who only gave one possible frequency gained only 1 mark.
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Marker’s Comments

This question was done superbly well with almost every candidate giving at least one possible
frequency and the vast majority identifying both possible frequencies. The rare incorrect
responses were due to applying wave formulae entirely unrelated to the beat frequency formula

foeat = fi — fal.

Criterion 8 — Twentieth Century
Question 19

General Comments

Many candidates struggled with the proportional reasoning required in 19b, otherwise this question
was done well. Candidates should be reminded to carry forward “show that’ values.

Question 19a)

Answer

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

Marking Notes

¢ 0.5 mark for the mother nucleus.

e 0.5 mark for the daughter nucleus.

e 0.5 mark for beta (include charge and mass).
¢ 0.5 mark for the antineutrino.

¢ 0.5 marks were deducted for small errors.

Marker’'s Comments
¢ Many candidates forgot to include an antineutrino or used incorrect notation for it.

Question 19b)

Answer

Marking Notes
¢ 1 mark for calculating the energy per beta patrticle.
e 1 mark for calculating the activity.

Marker’'s Comments
Very few candidates were awarded half marks. It was either correct, or there was little evidence of
understanding.
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Question 19c¢)

Answer

Marking Notes

e 1 mark for calculating the decay constant.

e 1 mark for calculating the number of atoms.

¢ 1 mark for calculating the mass.

e 0.5 a mark deducted for using the approximate value (1x1010) rather than the value calculated
in part b).

Marker’s Comments
Make sure that the decay constant aligns with the unit of time.

Question 19d)

Answer
-2t
........... . Z 0660
-3 -0-613 x +0
................... = 8028x1Q =« P 5 .
................... 373mg

Marking Notes
e 0.5 marks deducted for errors.

Marker's Comments
Make sure that the decay constant and time use the same units of time. Some errors were made
when converting between years and seconds.

Question 19¢)

Answer
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Marking Notes

e Either it is stable (0.5) and no excess energy is released (0.5) OR
¢ Itis metastable (0.5) and will undergo another decay to release excess energy (0.5).

Marker's Comments

This question could be answered in two different ways depending on how it was interpreted and

either answer was accepted.

Question 20

General Comments

This question was done very poorly. Candidates struggled to calculate the frequency in part a) and
graphing was done poorly, even with correct values. Many candidates were unable to see the
relationship between the values on the graph and the questions

Question 20a)

Answer
Wavelength (nm) Frequency (Hz) Stopping voltage (V)
546 549 x (0" 0.13
436 6-88 x 0" 0.71
405 76l x (10" 0.90

Marking Notes
¢ No partial marks awarded.

Marker's Comments

There was a lot of variation in the answers provided. Several other equations were used.

Question 20b)
Answer

3.0

25
2.0

1.5

1.0
0.5

0

Stopping Voltage

-0.5

-1.0

-1.5

-2.0

-2.5

-3.0
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Marking Notes

e 1 mark for points.

e 0.5 mark for linear relationship.
e 0.5 mark for labelling x axis.

Marker’s Comments

Error carried forward from part a) was awarded. Given that the scale was provided it was expected
that points were graphed accurately. Candidates should use a ruler when marking linear
relationships.

Question 20c¢)

Answer

..... Feequarcy.. dekomans. Lht. aragy...af.. Ll insdect....

Cle  pholo electrors.

Marking Notes

¢ 0.5 the higher the frequency of the incident photon.
e 0.5 the higher the Ek of the photo electron.

e 0.5 voltage is required to stop the photoelectron.

e 0.5 voltage increases as f (and hence Ek) increases.

Marker’s Comments
No marks were awarded for stating the relationship between f and V.
Question 20d)

Answer

i. Planck's Constant in electron-volt form.

....... A.f.A.g../qd'er.?.‘....Qf.....g{%,eﬁ....,f........(_:fi.&.:.(:.%.:Ql......——....5.:?«.5..&.(.(2.._'S
...... ©172:2.).. 8 e 203
I -

ii. The work function.

........ (W 0jl”t"’cef’f
.................... BB BB, cccmscimieiaasssassim sy
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Marking Notes
o Part marks were awarded in part i. for stating that the gradient gave Plank’s Constant.

Marker's Comments
No marks were awarded if candidates didn’t use the experimental data. Part marks were awarded
for parts ii. and iii. if the experimental value for Planck’s constant was used in a calculation.

Question 21

General Comments

Candidates were penalised for significant figures in Question 21. There were numerous calculation
errors. Candidates should use any extra exam time to double check their calculations.

Question 21a)

Answer

............................ YA AL 10 N S
= poduct 68 ABYADFS Ko
........... O = O 828 6L S A e

Marking Notes

¢ 0.5 marks were deducted for small errors such as missing units, rounding errors, etc.

¢ 0.5 marks were deducted for significant figures. 9 were given in the question so answer to 9
significant figures.

¢ 1 mark was deducted for failing to include the mass of the electrons.

¢ 0.5 marks were deducted for failing to realise that there were 30 neutrons.

Marker’'s Comments
There were many small calculation errors and rounding errors in this question.

Question 21b)

Answer

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

Marking Notes
e 0.5 mark for AMU > MeV.
¢ 0.5 mark for binding energy per nucleon.

Marker’'s Comments
Make sure that questions are read carefully. Many candidates only completed half this question by
either calculating the total binding energy or the amu/nucleon.
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Question 21c)

Answer

bC ...... sustaned é/(&f‘ ...........................................................................

Marking Notes

e 1 mark for stating that beyond Fe the nuclei have lower binding energy per nucleon.

e 1 mark for stating that fusing heavier nuclei will require net energy loss and therefore cannot
be sustained.

Marker’s Comments
Read questions carefully. Many candidates discussed Fe rather than elements after Fe.

Question 22

General Comments

This question was generally done well except for small calculation and rounding errors.

Question 22a)

Answer

Ezht = he = £63x10°" 5 3x 10"

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

Marking Notes
¢ 0.5 marks were deducted for small errors such as missing units, rounding errors, etc.

Marker's Comments
An answer in eV or J was accepted.
Question 22b)

Answer

In one scwrd , € = 3x(07 T

Marking Notes
e 0.5marks were deducted for small errors such as missing units, rounding errors, etc.
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Marker’s Comments
¢ A few candidates mistakenly divided the joules per photon by the total energy.
e A few candidates mistook mW for MW.

Question 22c¢)

Answer

Marking Notes
e 0.5 marks were deducted for small errors such as missing units, rounding errors etc.

Marker’'s Comments
This question was done well by most candidates.

Question 22d)
Answer

u
Q
Q
x
8|
s

Marking Notes
¢ 0.5 marks were deducted for small errors such as missing units, rounding errors, etc.
e Only 0.5 mark was awarded for calculating the force of one photon.

Marker’'s Comments
Many candidates forgot to take in account the number of photons hitting the wall.

Question 23

General Comments

Generally done well.

Question 23a)

Answer
DL =228V 2o Az he = blex(0x 30
= he ok 2-2
....................... A 2 SRS IOT
o SEOLm. .o

Marking Notes
e 1 mark for4.2-2.0=2.14eV.
e 1 mark for calculating the wavelength.
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Marker’s Comments
Completed accurately by most candidates.

Question 23b)
Answer

Marking Notes

e 1/2 mark for converting 4.2eV to J.

e 1/2 mark for calculating the wavelength.
e 1 mark for justification.

Marker's Comments

Many candidates answered that 2.2eV was required to excite an electron from the 2.0eV to 4.2eV
and then drop back again, emitting green light. Remember that excitation is (mostly) from the
ground state and doesn’t happen in steps. Steps occur downwards only for the purpose of this
course. An answer of 2.2eV was accepted if candidates stated that an excited electron was further
excited and then dropped back down.

Question 23c)

Answer
...... 0€=(be\/ A= (blex" x 3:0%) /16
A L = 3136k 0
A

Marking Notes

e 0.5 mark for 10.7eV — 9.1eV.

e 0.5 mark for calculating wavelength.

e 1 mark for identifying the part of the spectrum.

Marker’'s Comments
Many candidates were not able to identify the part of the spectrum. Many stated it was red visible
light which was not awarded any marks. 700nm is the upper limit of red light.

Question 24

General Comments

This question was generally done well. Most marks were lost due to candidates failing to
acknowledge that momentum is a vector.
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Question 24a)

Answer
= bz 6635007 226750077 kgms™
i st

Marking Notes
Half a mark was deducted for not including units of direction.

[ ]
Half marks were deducted for using 4.14x10-%> and quoting kgms™ as the units.

Marker’s Comments
Many candidates forgot to include the direction.

[ ]
e Some candidates forgot units.
¢ Remember that momentum is a vector!

Question 24b)

Answer

Marking Notes
Half a mark was deducted for not including units of direction.

[ )
Half marks were deducted for using 4.14x10-%> and quoting kgms™ as the units.

Marker’'s Comments
Many candidates forgot to include the direction.

[ ]
e Some candidates forgot units.
e Remember that momentum is a vector!

Question 24c)
Answer
23 - 2.232 «x (0'23) .........

Marking Notes
e 1 mark for calculating the change in p.

e 1 mark for v =p/m.
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Marker's Comments

¢ Most candidates treated both the incident and final momentum of the photon as being positive
and therefore got the wrong answer.

¢ Many candidates calculated the recoil speed of the electron by using the momentum of the
scattered photon.
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