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FOREWORD

The National Examinations Council of Tanzania (NECTA) is pleased to issue the
Candidates’ Item Response Analysis report on the Advanced Certificate of
Secondary Education Examination (ACSEE) in Physics subject. This report
provides feedback to students, teachers, policy makers and the public in general
about the performance of the candidates. Basically, the candidates’ responses to the
examination questions indicate what the education system was able/ unable to offer
to students in their Advanced Certificate of Secondary Education level.

The general performance of the candidates in Physics subject was good. The report
shows factors which contributed to the candidates’ ability to answer the
examination questions correctly and score high marks. The factors include, ability
to identify the task of the questions, good knowledge of the subject matter, good
mathematical skills and correct application of principles and theories in
interpreting scientific observation to real-life situations. However, the candidates
with low marks lacked such qualities.

It is hoped that the suggestions and recommendations provided in this report will
enable various education stakeholders to take proper teaching and learning
measures so as to enable the students to master the required skills and knowledge
hence improve performance in the future examinations administered by the
Council.

Lastly, the Council is grateful to all examination officers, examiners and all other
staff members who participated in the preparation of this report.

Prof. Said Ally Mohamed
EXECUTIVE SECRETARY



1.0

INTRODUCTION

The Physics examination adhered to the 2019 Physics Subject Examination
Format, which is based on the 2010 Physics Syllabus. The examination
consisted of three papers: 131/1 Physics 1 (Theory), 131/2 Physics 2
(Theory), and 131/3 Physics 3 (Practical).

Paper 1 (131/1) comprised sections A and B, with a total of ten (10)
questions. Section A included seven (7) short-answer questions, each
carrying 10 marks. Section B contained three (3) structured questions, each
carried 15 marks. Candidates were required to answer all questions in
section A and two (2) questions from section B. Paper 2 (131/2) included
six (6) structured questions, out of which candidates were required to
answer five (5). Each question carried 20 marks. Paper 3 (131/3) comprised
three alternatives: 131/3A Physics 3A, 131/3B Physics 3B and 131/3C
Physics 3C. Each paper contained three questions: Question 1 carried 20
marks, and Questions 2 and 3 each had 15 marks. Candidates were required
to sit for one alternative paper and answer all questions within it.

A total of 29,604 candidates sat for the Physics examination in 2025.
Among them, 28,819 (97.48%) candidates passed while 744 (2.52%) failed.
The candidates’ performance this year has declined by 0.28% compared to
2024, in which 97.76% of the candidates passed. This slight decrease in
performance was influenced by the varying levels of candidates’
understanding across topics. Notable performance improvement was
observed in the topics of Environmental Physics and Atomic Physics, which
have improved from an average performance in 2024 to good performance
in 2025. Table 1 presents the topics with improved performance in 2025
compared to 2024.



Table 1: Candidates’ Improved Performance in 2 Topics in ACSEE 2025
Compared to 2024

ACSEE 2024 ACSEE 2025

S/n

Topic
ge of Candidates

Number of Questions
who scored 35 % or above
Remarks
Number of Questions
Percentage of Candidates
who scored 35 % or above
Remarks

~i Percenta

o1
w
&

1. | Environmental 1
Physics

2. | Atomic Physics 1 |58.03 | Average

In addition, Figure 1 illustrates the candidates’ performance according to
grades for two consecutive years, 2024 and 2025.
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Figure 1: Candidates’ performance according t0 grades



2.0

2.1

Figure 1 shows a decrease in the number of candidates who scored grades
A, B, and C in 2025 compared to 2024. It further shows that there is a
significant increase in candidates who scored grades D, E, S and F in 2025
compared to 2024.

The subsequent part of this report shows the analysis of the candidates’
performance on each question in 131/1 Physics 1, 131/2 Physics 2, and
131/3 Physics 3. The analysis shows what the candidates were required to
do, as well as the strengths and weaknesses of their responses. Samples of
the candidates’ answers have been extracted from their scripts to illustrate
their responses. Figures and tables have been used to illustrate the
respective cases. The performance is ranked as weak, average or good if the
performance of candidates lies in the range of 0 to 34, 35 to 59 or 60 to 100
per cent, respectively. The colours, green, yellow and red, have been used
to represent good, average and weak performances, respectively. The report
also contains Appendices | and Il, showing the candidates’ performance in
different topics. Finally, it provides a conclusion and recommendations that
may help to improve teaching and learning of the Physics subject.

ANALYSIS OF CANDIDATES' PERFORMANCE IN EACH
QUESTION IN 131/1 PHYSICS 1

This paper consisted of a total of 10 questions in sections A and B. Section
A consisted of seven (7) short-answer questions, each carrying 10 marks.
Candidates were required to answer all questions. Section B consisted of
three (3) structured questions, two to be chosen while each consisting of 15
marks. Six (6) topics which were tested are: Measurement (Physical
Quantities and errors), Mechanics (Uniform Circular Motion, Newton'’s
Laws of Motion, Rotation of Rigid Bodies and Simple Harmonic Motion),
Heat (Heat Transfer and First law of Thermodynamics and thermal
radiation), Environmental Physics (Environmental Pollution, Earthquakes
and Geophysics) Current Electricity (Alternating Current, electrical
networks and Kirchhoff’s laws) and Electronics (The p-n junction,
Transistors, Logic gates and Operational amplifier). The following is a
detailed description of candidates’ item responses:

Question 1: Measurement (Physical quantities and Errors)

This question consisted of parts (a) and (b). In part (a), candidates were
required to (i) explain why every measuring instrument has its limit of
precision and (ii) determine the dimensional formula of torque 7 and apply

3



4
it to obtain the dimension of viscosity using the equation 7= mgl 4 ,

where other symbols carry their usual meaning. In part (b), they were
required to find the maximum percentage error in the measurement of
specific gravity given that a stone weigh (5.0 £ 0.1) kg in air and (4.0 £ 0.1)
kg when totally immersed in water.

The analysis shows that the question was attempted by 29,604 (100%)
candidates, out of whom 7,966 (49.38%) scored 0.0 to 3.0 marks, 6,984
(23.59%) scored from 3.5 to 5.5 marks, and 8,002 (27.03%) scored from
6.0 to 10.0 marks. These scores indicate that candidates’ performance in
this question was average, as 14,986 (50.62%) candidates scored from 3.5
to 10.0 marks. Figure 2 depicts the candidates’ performance in Question 1.

100 1
90 |
80 -
70 -
00 1 4938
50 |
40 |
30 1
20 |
10 -

0 -

23.59 27.03

Percentage of Candidates

0.0-3.0 35-55 6.0-10.0
Scores

Figure 2: Candidates' performance in question 1 of paper 1

Statistical data reveal that 27.03% of the candidates scored higher marks
(6.0 to 10). This suggests that those candidates had enough knowledge of
the concept of measurement. In part (a) (i), they explained the reason an
instrument has a limit of precision. They demonstrated the ability to
identify the limitations of scientific measuring instruments. In part (a) (ii),
they showed adequate knowledge of dimensional analysis. Most of the
candidates who scored high marks in this section applied the principle of
dimensional analysis to determine the dimensions of viscosity. These
candidates demonstrated adequate mathematical skills. In part (b), the
candidates were able to write a correct formula for specific gravity.
Moreover, these candidates correctly apply error analysis techniques to
4



determine the maximum percentage error for specific gravity. This level of
accuracy and understanding is illustrated in Extract 1.1.
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Extract 1.1: A sample of correct responses to question 1 of paper 1

In Extract 1.1, the candidate provided correct responses related to
measurement (physical quantities and errors). The candidate applied the
correct dimensions of each physical quantity in the provided mathematical
formula and successfully determined the dimension of viscosity. Moreover,
the candidate correctly applied the error analysis technique to determine the
maximum percentage error of the specific gravity of a stone. It can be said
that the candidate had adequate mathematical skills.

On the other hand, 23.59% of the candidates scored average marks (3.5 -
5.5) and demonstrated adequate skills in dimensional analysis and error
analysis. Most of these candidates failed to determine the maximum



percentage error of the specific gravity. Most of the candidates in this
category failed to correctly substitute data in the derived formula.

The analysis of candidates’ performance revealed that 40.38% of those who
scored low marks (0.0-3.0) demonstrated inadequate knowledge and
understanding of measurement concepts. In part (a)(i), most of the
candidates failed to provide a scientific explanation for why the measuring
instruments have a limit of precision. Most of them provided incorrect
responses. For example, one candidate wrote: “Every instrument has its
limit of precision due to calibration made during preparation of the
instrument. ” This was an incorrect response. The candidate was supposed
to understand that calibration is a process of evaluating and adjusting the
measuring instrument to ensure its measurements are accurate and reliable.
It can be concluded that the calibration of any measuring instrument
improves the accuracy, but it cannot alter the precision of the instruments.
Another candidate responded: “Every measuring instrument has its limit of
precision in order to avoid least count.” The candidate was supposed to
realise that the least count is the smallest value that a measuring instrument
can detect or read. It defines the instrument’s resolution. A smaller least
count means higher precision of the measuring instrument. It can be said
that every measuring instrument has a limit of precision because of physical
and practical constraints, not to avoid the least count. The candidates in this
category were supposed to realise that the instruments have a limit of
precision because of their design, scale and other imperfections. For
instance, a vernier calliper (least count 0.02 mm) is more precise than a
ruler (least count 1 mm).

Moreover, in part (a) (ii), most of the candidates failed to correctly apply
the principle of dimension analysis to obtain the dimensions of physical
values. Some of the candidates provided irrelevant approaches as per the
question. For instance, one candidate responded to this section as follows:

4
L nr-o
21

Then,
Inz=Inz+Inp+Inr*+In@=In2l

But 7 is constant, x is constant, & is constant

r.4

T=—.
2l



This response suggests that the candidate lacked adequate knowledge and
skills in the concepts of dimension analysis.

Similarly, in item (b), most of the candidates failed to provide the correct
response. Most of the candidates apply the incorrect formula for specific
gravity. For instance, some of the candidates wrote:

_weightinair, W,

~ weightinwater, W, -

They further evaluate the expression as:
Ag _ Aw  Aw,
g W W,

=0.045%x100%

=4.5%
This was an incorrect approach. The candidate failed to apply mathematical
concepts to explain a physical phenomenon. Some of the candidates wrote:
specific gravity = upthrust = weight in air —weight in water. This is an
incorrect expression of the specific gravity. This revealed that these
candidates lacked knowledge and skills in the concepts of measurements. It
could be assumed that they failed to understand the meaning of specific
gravity. They were supposed to realise that specific gravity is a ratio of the
density of a substance to the density of a reference substance (commonly
water). Thus, it can be said that specific gravity is a special case of relative
density. As per the item context, the candidates were supposed to apply
Archimedes’ principles. Thus, the specific gravity of a stone can be
calculated as:

weight of stone in air W

specific gravity = = air .
P J Y Loss of weight in water W, —W

water

The candidates were supposed to use this expression to determine the
maximum percentage error of the specific gravity of a stone. Extract 1.2
shows incorrect responses of one of the candidates.
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Extract 1.2: A sample of an incorrect response to question 1 of paper 1

In Extract 1.2, the candidate defined the term precision instead of providing
a scientific explanation for why the measuring instruments have a limit of
precision. Moreover, the candidate failed to verify the given formula
dimensionally. In addition, the candidate failed to apply concepts, theories
and principles related to error analysis to calculate the percentage error of
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2.2

specific gravity. This overall response indicates inadequate knowledge in
both dimensional and error analysis.

Question 2: Mechanics (Uniform Circular Motion)

This question had two parts: (a) and (b). Part (a) consisted of two items:
part (a) (i) and (ii). In part (a) (i), candidates were required to explain the
origins of tangential and centripetal acceleration in the motion of an object
along a circular path. Part (ii) required candidates to apply mathematical
skills to determine the magnitude and direction of the net acceleration of a
cyclist moving at a speed of 72 km/h, decelerating at a rate of 5 m/s? along
a 100-m-radius circular path. Part (b) of this question demanded the
application of mathematical skills to deduce the aircraft’s speed. The
aircraft was horizontally flying at a height of 4,500 m above the ground and
subtended an angle of 60° on the ground at two positions that were 10 s
apart.

This question was attempted by 29,604 (100%) candidates. The analysis
reveals that 18,515 (62.54%) candidates scored from 0.0 to 3.0 marks.
14,180 (29.95%) scored from 3.5 to 5.5 marks, and 2,224 (7.51%) scored
from 6.0 to 10.0 marks. Generally, the performance of the candidates was
average, as 16,404 (37.46.54%) candidates scored from 3.5 to 10.0. Figure
3 shows the candidates’ performance in this question.

100 +
920 +
80 +
70 + 62.54
60 T
50 +
40 +
30 +
20 +
10 +

0 i

29.95

151

, .
0.0-3.0 35-55 6.0-10.0
Scores

Percentage of Candidates

Figure 3: Candidates' performance in question 2 of paper 1

Statistical data shows that very few candidates (7.51%) scored higher
marks (6.0 to 10.0). The analysis further revealed that the candidates in this

12



category provided correct responses, particularly in part (a) (i). They were
identifying the origins of tangential and centripetal acceleration for an
object moving along a circular path correctly. This suggests that they had
adequate knowledge and skills on the concepts of tangential and centripetal
acceleration of an object moving along a circular path.

In part (a) (ii), those candidates correctly applied an appropriate
mathematical formula to determine the direction and magnitude of
centripetal acceleration for a cyclist moving along a circular road. The
candidates of this category had adequate mathematics skills and knowledge
of the concepts of circular motion. In part (b), the candidates were able to
provide an appropriate sketch describing the motion of the aircraft. Those
candidates used the sketch and mathematics formula to deduce the speed of
an aircraft. Extract 2.1 illustrates the correct responses from one of the
candidates in this question.

R (@) (7)o C%n;z@&;ﬂ_y f‘c‘ QCGQQQJMﬂ

[ aW—"

?]J :ffn:urﬂ
(o nkr e lbal Funo W

! S -
: ey, B 7
P e e avans,
Pea o e el s augay
*ﬁw ttwo G akbho .

(i) S oludioN
N Poaba “um
Speed  of fﬁi}\{h&-{‘ (L =_1a km!h—
7 Radnu<=’ (r) = dcom
i Accoterudxun (A) = S o™

Freaa .
T Pawied
© H J}ﬂ,{] 1 I e OF nelk— acce IWJ.J&' Iy

ok a, = A and A= Sms <




2@ (D

&
Q( = _E_
=
_‘[DI/M
V= T1RKm[h
= 20m|s
r — lcOm
) A -.Q
U = (o)
Tala
A = 4me”™
?ﬁ—o—m

Apgl = G 4 mc =

The moeanibude of Fie. el

Acceledbon e b 4m|s”

. Tha di reeb g o-ff ndk a ccelledbis

— Ve direcksoan of Hw nab—

Acelecndson Py

t-cur)b' —

14



Saluds on

Dol

_ Fiven
Heiqht () = 4500 m

Felolo () =S

. e iglenal (£) = 104

ﬁeavuj ( J§ pchp

l

(ansdo Fo &;W Lolow

As— L <Ll
LR ) \ VA =4

15




(o Bul P diskance Lebveen
Yo boo pOg—(\er /‘rﬂ
Disbaacd= oh ban 30

d = 3X 4500 x Ean30

d = 5|96-5 m

’ lime.
Seed S5196. 15 ™
L-"\(

= 519015 m|c
o Spead o‘q‘ib‘uL aj’rorot#@-:‘

s ' 8l9-015m]s .

Extract 2.1: A sample of correct responses in question 2 of paper 1

In Extract 2.1, the candidate correctly explained the origins of tangential
and centripetal acceleration of an object moving along a circular path. This
candidate demonstrated mastery of mathematics skills as they applied the
correct formula to deduce the needed physical quantities.

Nevertheless, 29.95% of the candidates demonstrated competence in some
parts of the question, resulting in average scores ranging from 3.5 to 5.5
marks, which were categorised as average marks. These candidates were
able to correctly determine the magnitude and direction of the net
acceleration of the cyclist, and skipped some steps of determining the speed
of the aircraft flying horizontally above the ground.

On the other hand, it was observed that 62.54% of the candidates scored
between 0.0 and 3.0 marks. Those candidates provided incorrect responses.
For instance, these candidates failed to identify the origins of tangential and
centripetal acceleration for an object moving along a circular path. One of
the candidates wrote, “tangential and centripetal accelerations arise due to

16



changes in centripetal force and the presence of centrifugal force”. This
was an incorrect response. The candidate was supposed to know that
centrifugal force is a fictitious or pseudo force due to inertia when
observing an object from a rotating frame. Thus, it cannot cause tangential
and centripetal acceleration for an object moving along a circular path.
Centripetal acceleration originates from the continuous change in the
velocity direction and is caused by the centripetal force directed towards
the centre of the circular path. Tangential acceleration originates from
changes in the object’s velocity caused by a net tangential force. In part (b),
most of the candidates failed to develop a correct sketch that described the
motion of the aircraft as per the item context. For instance, one candidate
developed and sketched an irrelevant diagram (see Diagram 1).

60

4500 m

Diagram 1
Moreover, the candidate used an incorrect formula to deduce the speed of
the aircraft. This candidate wrote:
1
H =ut+=gt?
> g

The candidate analysed the equation for H and obtained
17



h=ucosé, +%gt2

Upon performing mathematics, the candidate wrote:

H-t gt’
ucosg, =—=2—
CosS
Hot gt’
u=—2
cosd,
This is an indication that the candidate lacked mathematics skills. The
H —Egt2
expression U Cos6, =~ 2" makes no sense in Physics and is
CoS

dimensionally incorrect. It is important to note that the provided sketch and
the mathematical formulas used are related to the topic of projectile motion.
This is to say that the candidate failed to understand the scenario of the
question. As per the item context, the aircraft was flying horizontally in a
straight line and not projected. When observing the aircraft from a point on
the ground, it looks to move across the sky. This movement across the sky
from one point to another makes an angle 60° after 10 seconds. Thus, the

correct sketch as per the scenario is shown in Diagram 2.
- >
Aircraft

Diagram 2

Using triangle SQO in which ZSQO =60"and OS =4500 m

tan60° = % )
SQ

18



It follows:

SQ = 05 = 4500 =2598.08 m
tan60° tano60°

Thus:

PQ =2SQ =2x2598.08 m=5196.15 m

As per diagram 2, velocity, v = L Then after substituting data,
time taken
y=219015M 50967 s,
10s

Most of the candidates who failed to provide a correct response to this item
had inadequate knowledge and skills on the concept of circular motion.
They failed to link the trigonometric concepts to solve the given physical
problem. Extract 2.2 shows the incorrect responses of one of the candidates
in this question.
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Extract 2.2: A sample of an incorrect response to question 2 of paper 1

In Extract 2.2, the candidate failed to identify the origins of centripetal and
tangential acceleration and was unable to determine the net acceleration of
a cyclist. Moreover, the candidates failed to understand the scenario of the
items, thus, provided incorrect sketches and mathematical formulas to

deduce the speed of the aircraft.

Question 3: Mechanics (Simple Harmonic Motion)

The question consisted of two parts (a) and (b). In part (a), the candidates
were required to (i) identify and explain the factors affecting the motion of
oscillating systems in Simple Harmonic Motion (SHM), and (ii) write an

20



expression for the displacement equation of an object executing SHM with
an amplitude of 0.12 m and a period of 0.5 seconds. In part (b), the
candidates were required to use an appropriate sketch to describe the
relationship between mechanical energy (kinetic and potential energy) with
displacement.

This question was attempted by 29,604 (100%) candidates. The analysis
reveals that 8,543 (28.86%) candidates scored from 0.0 to 3.0 marks. 7,345
(24.81%) scored from 3.5 to 5.5 marks, and 13,716 (46.33%) scored 6.0 to
10.0 marks. Generally, the candidates’ performance was good, as 21,061
(71.14%) scored from 3.5 to 10.0 marks. Figure 4 displays the candidates’
performance in this question.

100
90 +
80 +
70 +

60 —+
50 + 46.33

0T 28.86

30 4 24 .81
20 4
10 4+
0 _

Percentage of Candidates

00-3.0 35-55 6.0-10.0
Scores

Figure 4: Candidates' performance in question 3 of paper 1

Most of the candidates (46.33%) scored higher marks (6.0 — 10.0). These
candidates demonstrated mastery of concepts, theories and principles
related to the SHM. In part (a) (i), the candidates were able to identify the
key factors affecting the motion of a particle in Simple Harmonic Motion
(SHM). Moreover, they provided a correct mathematical formula that
describes the displacement of the motion of a particle executing SHM. In
part (b), these candidates correctly sketched a well-labelled graph that
illustrates how the kinetic and potential energies of a particle executing
simple harmonic motion (SHM) vary with displacement. Extract 3.1
illustrates a sample of correct responses from one of the candidates who
scored higher marks in question 3.
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Extract 3.1: A sample of correct responses to question 3 of paper 1

Extract 3.1 illustrates how the candidates applied the correct concepts,
theories to obtain the correct response about SHM.

For the case of the mean scored group, the analysis shows that 24.81% of
the candidates scored from 3.5 to 5.5 marks. These candidates were able to
identify some of the factors affecting the motion of a particle in SHM;
however, they were unable to analyse how these factors influence the
frequency and period of SHM. In part (b), these candidates provided a
correct sketch describing the relationship between mechanical energy and
displacement. However, they failed to analyse how the changes in
displacement influence the mechanical energy (kinetic and potential

energy).
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Conversely, the analysis reveals that 28.86% of the candidates scored low
marks (0.0 to 3.0). These candidates lacked enough knowledge and skills
on the topic of Simple Harmonic Motion. The candidates were unable to
identify and analyse key factors affecting the frequency and period of the
particle executing SHM. Most of them provided irrelevant responses. For
instance, one candidate responded: “The displacement from the equilibrium
position to the maximum position makes the particle execute simple
harmonic motion quickly to complete the cycle.” This was an incorrect
argument. The candidate was supposed to know that the maximum
displacement is the amplitude. The amplitude of an oscillatory system does
not affect how quickly the particle completes a cycle. This suggests that the
candidate lacked adequate knowledge of the factors that affect the motion
of SHM. Another candidate gave the following incorrect statement:
“Acceleration makes a particle executing simple harmonic motion quickly
complete a cycle.” This candidate was supposed to know that the
acceleration of the particle executing SHM affects the motion, but it is not
the cause of the timing of the oscillation cycles.

The candidates were supposed to realise that the time to complete one cycle
in SHM is given as:

i) For simple pendulum: T = Zz\/I, where T is the period of oscillation,
g

I is the length of the pendulum, and g is the acceleration due to gravity.

i) For a spring-mass system: T = 272'\/%, where T is the period, m is the
mass, and k is the spring constant.

In the two simple systems, the period is independent of both amplitude and
acceleration. It is important to note that for a non-ideal oscillatory system
(if the friction is considered or for large-angle pendulums), the amplitude
can slightly affect the period. However, this is beyond the scope of this.
These candidates were supposed to know that the period of an SHM system
depends on: i) the length of the pendulum, ii) the restoring force, and
inertia. For a system to oscillate faster requires a higher restoring force,
lower inertia (smaller mass), or shorter system length (for a simple
pendulum system).
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Furthermore, in part (a) (ii), these candidates were unable to present the
correct mathematical formula for the displacement of the particle executing
SHM. Most of the candidates used the equation of acceleration to deduce

the displacement of SHM. For instance, one candidate wrote:
aa—-y

a=-w’y
g2
a)Z

Upon substituting the expression of angular frequency, the candidate

obtained the following relation:
2

=——a
y 4Ar°

These candidates were supposed to realise that in SHM, the particle moves
back and forth about its equilibrium position. That is to say that they repeat
periodically. Mathematically, sine or cosine is the function used to describe
any repeating oscillatory system. Therefore, the candidates were required to
use either the sine or cosine function to deduce the displacement equation
for SHM. Thus:

y(t) = Asin(aet +¢), where y is the displacement at time t, A is the
amplitude, wis angular frequency and ¢ is the phase constant. Then, upon
substituting the given data, the displacement can be written as:

y =0.12sin(4xt) .

Moreover, these candidates failed to provide a correct sketch describing the
relationship between the mechanical energy (kinetic and potential energy)
with displacement. Extract 3.2 shows the incorrect answers from one of the
candidates who scored low marks in this question.
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Extract 3.2: A sample of correct responses to question 3 of paper 1
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2.4

In extract 3.2, a candidate failed to apply the correct concepts and theories
to analyse the system executing SHM. Moreover, the candidate failed to
use mathematics skills to deduce the displacement of a particle executing
SHM.

Question 4: Mechanics (Rotation of Rigid Bodies)

This question had two parts: part (a) and part (b). Part (a) required
candidates to (i) apply the concepts and principles of rotational motion to
describe the behaviour of rigid bodies in the absence of external torque, and
(i) use mathematics to derive the work done by torque. In part (b) (i), the
candidates were supposed to provide the physical meaning of the radius of
gyration, while in part (b) (ii), the candidates were required to use
mathematics skills to determine the angular acceleration of a disc which is
rotating freely about an axis through its centre.

This question was attempted by 29,604 (100%) candidates. Of these,
15,663 (52.91%) candidates scored from 0.0 to 3.0 marks. 6,774 (22.88%)
scored from 3.5 to 5.5 marks, and 7,167 (24.21%) scored 6.0 to 10.0 marks.
Generally, the candidates’ performance was average, as 13,941 (47.09%)
scored from 3.5 to 10.0 marks. Figure 5 presents the candidates’
performance in this question.

100 -
g
< 80 -
=]
=
S 60 - 5291
L
=]
g 40 A
g 22.88 2421
8 20
>
[~W
0 A . .
0.0-3.0 35-55 6.0 -10.0
Scores

Figure 5: Candidates' performance in question 4 of paper 1

Statistical data indicates that 24.21% of the candidates scored higher marks,

ranging from 6.0 to 10.0. These candidates demonstrate their mastery of

basic concepts and principles of the motion of a rigid body. Moreover, they

demonstrate the use of mathematics to compute the value of a physical

quantity. For instance, in part (a) (i), these candidates were able to apply
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concepts and principles of rotational motion to describe the dynamics of a
fan after switching it off. They understand that the rigid body will continue
in its state of rest or uniform rotational motion unless acted upon by an
external torque. These candidates were able to apply mathematics to derive
the work done by the torque. In part (b) (i), the candidates demonstrated a
clear understanding of the physical meaning of the radius of gyration,
which is a measure of the distribution of a body’s mass relative to a given
axis of rotation.

Furthermore, in part (b) (ii), the candidates were able to apply correct
mathematical formulas to calculate the angular acceleration of the disc.
Extract 4.1 shows the correct responses from one of the candidates who
scored almost all parts of the question.
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Extract 4.1: A sample of correct responses to question 4 of paper 1

In Extract 4.1, the candidate correctly explained why the blades of a fan
continue to rotate for some time after it is switched off and appropriately
derived an expression showing the relationship between the work done by a
torque and the angle of rotation. Similarly, the candidate accurately stated
the meaning of the radius of gyration, and well calculated the angular
acceleration of the disc.

Conversely, the analysis further reveals that most of the candidates
(52.91%) scored lower marks (0.0 to 3.0). These candidates lacked
adequate skills in the concepts and principles of the topic of the rotation of
rigid bodies. These candidates failed to apply mathematics to determine the
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angular acceleration of a rotating disc. Most of them provided incorrect
responses. For example, one candidate misunderstood the concept in part
(@) (i), by stating: “This is due to external speed which causes the blade to
continue rotating for some time.” This response was not a correct one.
First, the term external speed is not a valid term to describe the motion of a
rigid body. The candidate was supposed to know that speed is not an
external or an internal; it measures how fast an object moves. It can be said
that the candidate failed to demonstrate their mastery of basic terminologies
in Physics. Secondly, the candidate failed to identify the basic principle
governing the motion of a rigid body. In part (a) (ii), one of the candidates’
responses was as follows:

r=Fd

w=Fd

But, w=mgcosé

For a small angle, cosé =~ @

w=10
W

T=—.
0

This approach was not correct. The candidates were supposed to know that
torque is the measure of how much a force causes an object to rotate about
an axis. Thus, it is given as:

r=rxF =rFsin@, where ris a torque, r is the distance from the axis of
rotation to the point where the force is applied, F is the applied force, and
@is the angular displacement due to the applied force.

In a rotational motion, torque does work. Work done by a torque in
rotational motion can be derived as follows:

dw = F.ds, where ds is the displacement in the direction of force, and other
symbols carry their usual meaning. It is important to note that the applied
force is tangential to a rotating body. Thus, it causes a rigid body to move
through a small arc length, ds. In angular displacement, the arc length is
defined as:

ds=r.d@

Thus:

dw=F.ds =Frdé&

It is known that 7 =rF

Therefore, dw=rzdé&

Suppose the torque is constant over the angular displacement; the total
work done by the torque is:
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W=IdW:I:ZTd9
Hence:

[
W= jgl 7d6 =0

Assume A@is a total angular displacement, &, the total work done by a
torque can be documented as:

w =176

Moreover, most of the candidates who scored lower marks failed to provide
the physical meaning of the radius of gyration. Most of them defined the
radius of gyration, instead of its physical meaning. Moreover, these
candidates failed to apply their mathematics skills to compute the angular
acceleration of a rotating disc. They used the wrong mathematical
expression. This is an indication of inadequate mathematical skills. Extract
4.2 shows a sample of incorrect responses from one of the candidates in
this question.
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Extract 4.2: A sample of an incorrect response to question 4 of paper 1

In Extract 4.2, the candidate derived an expression for the rotational kinetic
energy of rigid bodies, instead of the correct expression relating work done
by a torque. The candidate applied incorrect concepts and mathematical
formulas to calculate the angular acceleration of the disc.

Question 5: Heat (Heat Transfers and First Law of Thermodynamics)

This question consisted of two parts (a) and (b). In part (a), the candidates
were required to explain briefly the following observations: (i) Thermos
flasks are designed to maintain the temperature of their contents for a long
time, and (ii) Chairs made of metallic materials appear colder than wooden

31




chairs during the cold season, and (iii) Transformers are always kept in a
tank containing oil. In part (b), they were required to calculate the new
volume of the gas if an ideal gas of volume 500 cm? at 300 K expands
adiabatically and its temperature falls to 270 K when the ratio of their heat
capacities » :(%) is 1.4.

\4
This question was attempted by 29,604 (100%) candidates, of whom 6,019
(20.33%) candidates scored from 0.0 to 3.0 marks. 5,481 (18.52%) scored
from 3.5 to 5.5 marks, and 18,104 (61.15%) scored 6.0 to 10.0 marks. In
general, the candidates’ performance was good, as 23,585 (79.67%) scored
from 3.5 to 10.0 marks. Figure 6 presents the candidates’ performance in
this question.

18.52

Scores

@0.0-3.0
035-55
@6.0-10.0

61.15

20.33

Figure 6: Candidates' performance in Question 5 of Paper 1

The statistical data reveals that most of the candidates (61.15%) scored
higher marks in this question. In part (a) (i), candidates showed their ability
to apply the method of heat transfer in our daily life. They were able to
apply concepts and theories of heat transfer to describe thermal insulation.
Moreover, in part (a)(ii), the candidates were able to identify materials
based on their thermal conductivity. The candidates correctly describe why
chairs made of metallic materials appear colder than wooden chairs during
the cold season, attributing it to their thermal conductivity. In part (a)(iii),
these candidates correctly explained that transformers are always kept in a
tank containing oil to facilitate cooling and electrical insulation, thereby
ensuring safe and efficient operation.
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In part (b), the candidates demonstrated their mastery of basic concepts and
principles of thermodynamics to evaluate a physical problem. These
candidates use mathematics to explain the physical problem. They were
able to apply appropriate mathematical formulas and compute the needed
physical quantity. They correctly wrote the formula expressing the
relationship between temperature and volume under adiabatic conditions,
and made proper substitutions using the given data, which ultimately led to
the correct response. Extract 5.1 portrays the correct responses from one of
the candidates in this question
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Extract 5.1: A sample of correct responses to question 5 of paper 1

Extract 5.1 shows a response from a candidate who had enough knowledge
and skills on the topic of heat transfer. The candidate was able to apply the
first law of thermodynamics in solving the given problem.

The analysis shows that 18.52% of the candidates scored between 3.5 to 5.5
marks, which is the average score. These candidates demonstrated
competence in applying methods of heat transfer to real-life situations.
However, they failed to apply the first law of thermodynamics in solving
the given problem. Some of the candidates applied the first law of
thermodynamics but failed to identify the thermodynamic process. For
instance, some of the candidates assume that the process was isothermal,
which was incorrect.

The statistical data shows that some of the candidates (20.33%) scored
between 0.0 to 3.0, which is a lower score. Most of these candidates
demonstrated an inability to apply concepts and theories of heat transfer
and thermal conductivity in daily life situations. Most of them provided
incorrect responses. For instance, one of the candidates in part (a)(ii)
responded: “Because metallic materials are made up of low specific heat
capacities as compared to chairs.” This statement was not correct. The
candidate was supposed to know that the specific heat capacity describes
how much thermal energy a material can store, and not how quickly the
material can transfer thermal energy. Thus, metals feel colder than wood
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because they transfer thermal energy more quickly and not because they
store more thermal energy (specific heat capacity).

In part (b), most of the candidates who scored lower marks failed to apply
the first law of thermodynamics to compute the needed physical quantity.
Most of them applied the incorrect and irrelevant mathematical formula.

For example, one candidate wrote: T\V,” =T,V,” Upon mathematical

Y
manipulation, the candidate wrote V, :VZ(-Tr—lJ . This was a wrong
2

expression. The candidates were supposed to apply the following
expression TV, " =T,V,”", after mathematical manipulation, they were
1
: T, ) : :
supposed to write VZ:Vl[T—lJ . Extract 5.2 depicts the incorrect

2

responses from one of the candidates in question 5.
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Extract 5.2: A sample of an incorrect response to Question 5 of paper 1

In Extract 5.2, the candidate demonstrated an unsatisfactory understanding
of heat transfer mechanisms, conduction, convection, and radiation and
therefore failed to explain the corresponding observations in items (a) (i),
(i), and (iii). Furthermore, the candidate applied an irrelevant formula to
calculate the wvolume of a gas under adiabatic conditions in
thermodynamics.

Question 6: Heat (Heat Transfer; Thermal Radiation)

The question had two parts (a) and (b). In part (a), the question asked (i)
Why does a good absorber of radiant energy appear black? (ii) Give four
information obtained from the curves regarding black body radiation. In
part (b), the candidates were required to calculate the energy radiated in one
minute by a black body of surface area 200 cm? maintained at 127 °C.

The question was attempted by 29,604 (100%) candidates. Of these, 8,702
(29.39%) candidates scored from 0.0 to 3.0 marks, 9,839 (33.24%) scored
from 3.5 to 5.5 marks, and 11,063 (37.37%) scored 6.0 to 10.0 marks.
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Generally, the candidates’ performance was good, as 20,902 (70.61%)
scored from 3.5 to 10.0 marks. Figure 7 presents the candidates’
performance in Question 6.
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Figure 7: Candidates' performance in question 6 of paper 1

"The analysis shows that 37.37% of the candidates who scored higher
marks (6.0 to 10.0) demonstrated sufficient knowledge and understanding
of the concepts, theories, and principles governing heat transfer by
radiation. In part (a) (i), these candidates were able to apply Kirchhoff’s
law of thermal radiation to describe the appearance of a blackbody. In part
(@) (ii), candidates were able to identify key characteristic features of
blackbody spectra as stipulated by the Stefan-Boltzmann law and Wien’s
displacement law.

In part (b), the candidates applied appropriate mathematical skills and used
a suitable formula to calculate the energy radiated by a blackbody in one
minute. Extract 6.1 is a sample of correct responses from one of the
candidates in this question.
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Extract 6.1: A sample of correct responses to Question 6 of paper 1

In Extract 6.1, the candidate demonstrated a good understanding of the
concepts, theories and principles related to thermal radiation. The candidate
applied the correct mathematical formula to evaluate the radiation energy
emitted by a blackbody for one minute.

The statistical analysis further indicates that some of the candidates
(33.24%) scored average marks (3.5 - 5.5). Most of these candidates failed
to score higher marks in part (a) of the question. The candidates in this
category failed to use concepts, theories and principles related to thermal
radiation to describe real-life situations. The analysis of statistical data
shows that most of these candidates scored higher marks in part (b) of the
questions. The candidates applied the correct mathematical formula to
evaluate the energy emitted by the blackbody for one minute.

In contrast, the statistical data shows that some candidates (29.39%) scored
lower marks (0.0 — 3.0). Some of them were unable to provide clear
responses, though they had basic understanding of thermal radiation. For
instance, in part (a) (i), one of the candidates responded: “Because black
has an emissivity of 1, that’s why a black body is a good absorber.” This
response was not very clear. The candidate was supposed to know that not
all black materials have an emissivity of 1. Black materials appear black
but may not absorb all radiation. Thus, their emissivity can be higher than
1. A blackbody is an ideal object with an emissivity of 1. It is a perfect
absorber and emitter of radiation across all wavelengths. To correctly
respond to this item, the candidates were supposed to use Kirchhoff’s law
of thermal radiation, which states as “For a body in thermal equilibrium,
the emissivity of a surface is equal to its absorptivity for radiation of the
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same wavelength”. Based on Kirchhoff’s law, a blackbody is a perfect
absorber and perfect emitter. At room temperature, a blackbody absorbs all
visible light and emits none or very little in the visible region. Thus, with
no or very little visible light reaching our eyes, the body appears black.
This means that at room temperature, the blackbody absorbs all visible light
and emits in longer wavelengths (heat).

In part (a) (ii), candidates in this category failed to apply both the Stephan-

Boltzmann and Win’s displacement law to identify key characteristic

features of a blackbody spectrum. Most of them provided incorrect and

irrelevant responses. For instance, one candidate wrote:

(i) itindicates the transfer of heat from one system to another

(it) it tells anything about the condition under which heat can be
converted heat mechanical energy to other form

(i) it tells about the condition of first law of thermodynamics which
facilitate the rate of heat lost to enter and leave the system

(iv) the heat energy supplied in a system should be equal to the heat
energy supplied to a system to enter and leave the system of
exchangeable.

These responses are irrelevant with respect to the characteristics of the

blackbody spectrum. The candidate was supposed to realise that blackbody

curves show a relationship between intensities of emitted radiation and

wavelengths at a given temperature. Thus, the following are key features of

the blackbody curves.

i) The curve’s intensity: it increases with an increase in temperature.
Based on the Stefan-Boltzmann law, the total energy emitted by a

blackbodly is proportional to T*.
i) The peak wavelength of emitted radiation exhibits a blue shift
(shifting to the shorter wavelength) with an increase in temperature.

max

From Wein’s displacement law, i.e., A :$ (all symbols carry

their usual meaning). It implies that the emitted peak wavelength is
inversely proportional to the temperature.
iii) Broadness of the blackbody curves. The broadness of the curves
decreases with an increase in temperature.
Some of the candidates sketched the blackbody spectrum but failed to
identify and describe key characteristic features of the spectrum. Extract
6.2 shows a sample of incorrect responses from one of the candidates in
question 6.
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Extract 6.2: A sample of an incorrect response to Question 6 of paper 1

In Extract 6.2, the candidate failed to identify key information from the
blackbody radiation curves and thus provided irrelevant responses.
Moreover, the candidate applied the incorrect mathematical formula to
deduce the energy emitted by a blackbody. He/she used mathematical
formula related to the rate of heat loss from Newton’s law of cooling,
instead of the Stephan-Boltzmann law of thermal radiation, to compute the
energy emitted by a blackbody at a given temperature.
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2.7

Question 7: Environmental Physics (Earthquake, Environmental
Pollution and Geophysics)

The question consisted of parts (a) and (b). In part (a), the candidates were
required to (i) distinguish between greenhouse effect and global warming
and (ii) enumerate four human activities which contribute to global
warming. Part (b) required candidates to (i) identify and analyse two
warning signs which predict the occurrence of an earthquake and (ii)
identify one key importance of the troposphere and stratosphere to
humankind.

The question was attempted by 29,604 (100%) candidates. Of these, 879
(2.97%) candidates scored from 0.0 to 3.0 marks. 3,501 (11.83%) scored
from 3.5 to 5.5 marks, and 25,224 (85.20%) scored 6.0 to 10.0 marks. This
analysis indicates that the candidates’ performance was good, as 28,725
(97.03%) scored from 3.5 to 10.0 marks. Figure 8 summarises the
candidates’ performance in Question 7.

100 -
90 - 85.20
80
70 -
60 -
50 ~
40 -
30 ~
20 - 11.83

10 297
0 +— —

0-3.0 35-55 6.0-10.0
Scores

Percentage of Candidates

Figure 8: Candidates' performance in question 7 of paper 1

The data reveals that 85.20% of the candidates scored higher marks,
ranging from 6.0 to 10.0. These candidates provided correct responses
which are in line with the question’s requirements. In part (a) (i),
candidates successfully distinguished between the greenhouse effect and
global warming. In (a) (ii), candidates were able to identify and explain
four human activities which contribute to global warming.
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The statistical data further reveals that most of the candidates in this
category were able to identify and describe warning signs which can be
used to predict the occurrence of an earthquake. Moreover, these candidates
describe the role of the troposphere and the stratosphere correctly. Extract
7.1 shows a sample of correct responses from one of the candidates to this

question.
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Extract 7.1: A sample of correct responses to question 7 of paper 1

In Extract 7.1, the candidate provided correct responses to all parts of the
question.

Furthermore, the statistical data shows that 11.83% scored average marks
(3.5 to 5.5). Most of these candidates failed to score higher marks in part
(a)(ii) of the question. They only mention the activities that contribute to
global warming without a scientific justification. This lowers their
performance.

The statistical data shows that only 2.97% of the candidates scored lower
marks. The scores of these candidates range from 0.0 to 3.0 marks. They
failed to demonstrate their mastery of the concepts related to the topic of
Environmental Physics. Most of them provided irrelevant responses. For
example, in part (a)(i), one candidate wrote: “Greenhouse effect is a
situation whereby the weather condition is maintained, while global
warming is the increase in the atmospheric temperature causing abnormal
conditions in the environment.” This response is not clear and makes no
sense in Physics. The candidate was supposed to know that the greenhouse
effect is a natural process (not a weather condition) in which certain gases
in the atmosphere trap heat, helping to keep the planet warm enough to
support life. Moreover, the candidate was supposed to realise that global
warming is an increase in the average global atmospheric temperature due
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to increased concentrations of greenhouse gases. This results in climate
change, such as extreme weather events (drought or heavy rains), shifts in
weather patterns and rising sea levels.

In part (b)(i), these candidates failed to identify two key warning signs that
can be used to predict the occurrence of an earthquake. Some candidates
stated that “unusual animal behaviour, minor tremors, or ground
deformation” as the warning signs that can be used to predict the
occurrence of an earthquake. Most of the responses were not correct. The
candidates were supposed to know that the key signs included:

(1)  Thermal indicator:
The average temperature of an area keeps increasing. During
earthquake days, the temperature of a particular area is about 5 — 9
degrees Celsius above the average normal temperature.

(i) Water indicator.
There exist sudden rises or falls in water levels in wells; the rise can
be as high as one meter.

(iii) Seismo-electromagnetic indicator.
Rise in temperature reduces the geomagnetic field; the reduction in
the geomagnetic field adversely affects the propagation of EM-waves.
This is noted in Radio, TV and Telephone.

(iv) Animal indicator:
The entire animal kingdom becomes highly disturbed and restless.
They move in a directionless manner and in fear. Birds do not perch
on trees but move about at a low height, emitting a shrill noise.

The analysis reveals that candidates who scored lower marks also failed to
provide correct responses in part (b)(ii) of this question. For instance, one
candidate wrote: “Since the stratosphere is the one in which the ozone
layer is formed, it supports life because oxygen is found in this layer.” This
response is wrong. In principle, the stratosphere contains oxygen, but most
of the breathable oxygen is in the troposphere. The stratosphere contains
the ozone layer. This layer absorbs all the harmful ultraviolet (UV) rays
from the sun, thereby protecting living organisms on the Earth. Extract 7.2
presents a sample of incorrect responses from one of the candidates who
scored low marks in question 7.
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Extract 7.2: A sample of an incorrect response to Question 7 of paper 1

Extract 7.2 shows that the candidate failed to distinguish greenhouse effect
and global warming. Additionally, the candidate provided a partial and
inaccurate explanation of the human activities that contribute to global
warming.
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2.8

Question 8: Current Electricity (Alternating Current, electrical
networks and Kirchhoff’s laws)

This question was a structured question with three parts: part (a), (b) and
(c). In part (a), the question asked: 4 load resistor of 25 Q is connected in
series with an inductor of inductance 0.4 H and internal resistance of 5 Q.

If the pair is then connected across a 200 V r.m.s supply alternating at

20z,
27

(1) Draw a well-labelled circuit diagram for the connection and
(i) calculate the r.m.s current value.

Part (b) of this question, the candidates were provided with a circuit
diagram as shown in Diagram 3.

R

Diagram 3
Using the circuit diagram, the candidates were required to calculate:
0] The equivalent resistance of the network and

(i) The current passing through R, =50Q.

Part (c) required the candidates to study the circuit diagram 4 and to
answer the questions that follow:
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C
7V T TS5V
B D
1 Q 3Q
A
Diagram 4

(i) Apply Kirchhoff’s laws to find the potential difference between A
and C.
(it) Why does the potential decreases from point A to B?

The question was an optional one with a total of 15 marks and was
attempted by 7,478 (25.3%) candidates. Of these, 4,242 (56.73%)
candidates scored from 0.0 to 5.0 marks, 1,685 (22.53%) scored from 5.5 to
8.5 marks, and 1,551 (20.74%) scored from 9.0 to 15.0 marks. The analysis
points out that the candidates’ performance was average, as 3,236 (43.27%)
of the candidates who attempted this question scored 5.5 to 15.0 marks.
Figure 9 summarises the candidates’ performance in question 8.

Scores
56.73%

m0.0-5.0
5.5-85
m90-150

Figure 9: Candidates' performance in Question 8 of paper 1

49



The statistical analysis reveals that 20.74% of the candidates scored higher
marks (9.0 to 15.0). These candidates demonstrate their mastery of basic
symbols as well as experimental skills as they design and evaluate various
electrical circuits. For instance, in part (a)(i), these candidates designed
and sketched a well-labelled circuit diagram involving a series connection
of a load resistor, an inductor with internal resistance, and an AC power
supply. In part (a)(ii), the candidates use mathematics to determine the rms
current value.

In part (b), the candidates showed the ability to interpret a circuit diagram,
use appropriate concepts and principles related to current electricity to
determine the value of effective resistance and current flowing in one of the
resistors. These candidates showed the ability to use mathematical
reasoning to solve problems related to the current electricity. In part (c) (i),
they demonstrated the ability to apply Kirchhoff’s laws (current law and
voltage law) to analyse a complex electric circuit and determine they
potential differences across the components. That is to say that they had
adequate mathematical reasoning skills. Moreover, the candidates provided
a correct scientific argument related to the current flowing in the circuit.
Extract 8.1 shows the correct responses from one of the candidates who
scored high marks in question 8.
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Extract 8.1: A sample of correct responses to Question 8 of paper 1
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In extract 8.1, a candidate managed to use mathematics and appropriate
laws and principles to calculate the value of the needed physical quantity.

The statistical data shows that 22.53% of the candidates scored between 5.5
and 8.5 marks, which is the average score. The analysis reveals that these
candidates did not perform well in parts (b) and (c). In part (a), the
candidates successfully designed and sketched a well-labelled circuit
diagram. They used the circuit diagram and the principles of AC to deduce
the r.m.s value. In part (b) (i), the candidates correctly applied the concepts
and theories related to current electricity to determine the effective
resistance of the network. However, most of them failed to calculate the
current passing through R2. In part (c) (i), these candidates applied
Kirchhoff’s laws to determine the potential difference between points A
and B in the circuit. The analysis revealed that they were unable to provide
a scientific explanation for the decrease in potential from point A to B.

The data also shows that most of the candidates (56.73%) scored lower
marks (0.0 — 5.0). Further analysis of statistical data showed that 1,301
(4.87%) of these candidates scored zero marks. This suggests that the
candidates lacked adequate knowledge and skills on the topics of AC
theory and current electricity. The analysis reveals that most of these
candidates failed to score higher marks in part (a). Most of them failed to
design and sketch a well-labelled circuit diagram, that is the candidates
provided wrong circuit diagrams. For instance, one of the candidates drew
and used the following circuit diagram (see Diagram 5) to deduce the r.m.s
value. Moreover, the candidate failed to apply the correct formula for
calculating the r.m.s value of the current. It suggests the lack of basic
understanding of the concepts, theories and principles related to AC
circuits.

E=04V
25101 |r=3a
I 1]
ESwitch ———200V
|
<
Diagram 5
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This is an incorrect circuit diagram which indicates that the candidate failed
to master basic symbols in Physics. The candidate was supposed to
recognize that the circuit must contain an AC power source, an inductor
and resistors. It can be said that these candidates failed to distinguish circuit
symbols for a DC and an AC power source. It can be concluded that most
of the candidates in this category failed to design and sketch a correct
circuit diagram, and thus were unable to calculate the r.m.s value. The

candidates in this category were required to design and sketch the circuit
diagram shown in Diagram 6.

L
o R=s0
4‘/\/\/\/\/\_!%%“& .'Wi
< > «—>
Vi Vr
o N/ o
200V
Diagram 6

The analysis of statistical data revealed that some of the candidates
designed and sketched a well-labelled circuit diagram, but failed to analyse
it. They failed to apply Ohm’s law to calculate the r.m.s current value. Most
of them were unable to determine the total impedance of the circuit. They
ignored the effect of inductive load in the circuit. For instance, some of
them calculated the r.m.s current value as follows:

V=IR

I=%,but R: =R, +R,

\%

l=——,
R, +R,

| 200
25Q+5Q

| =6.67A
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This was an incorrect response. These candidates were supposed to realise
that in this circuit, the current through the resistor and inductor is the same.
Thus, the total impedance, Z, is given as:

z =1/R2 +X,?, where R and L are respectively a resistor and an inductor

connected in series. Knowing the total impedance, Ohm’s law can be
applied to calculate the r.m.s current value as:

V \Y

I — r.m.s — r.m.s
rm.s '
z JrR+x2
X, isgiven as:

X, :a)L:27rfL:27z'x(5—0)x0.4:40 Q

T
Thus:
V 50V

r.m.s —
JRE+ X2 /307 +407
Moreover, these candidates failed to analyse and solve problems involving
resistor configurations as per the electric circuit in part (b)(i) of the
question. It implies that the candidates lack adequate knowledge and skills
related to current electricity. Most of them failed to understand the resistor
configuration in the circuit. Thus, failed to determine the equivalent resistor
stepwise. For instance, one candidate assumed that R,and R, are serially

rms

=4A

connected. As a result, this candidate reduced the given circuit to the circuit
shown in Diagram 7:

R,

—

Diagram 7

Thus, the candidate used the following mathematical equation:
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(R; +R,) xR,
R, +R, +R,;

(50 + 75) x50
50+75+50

R, =R, + . Upon substituting data, the candidate wrote:

R, =100+ =135.71 Q.

This was an incorrect response. The candidate was supposed to realise that
resistors Rz, Rs and R4 are connected in parallel. The equivalent resistor for

parallel network of Rz, Rz and R4 is given as:
1 1 1 1

R, R, Ry R~
where Rp is an equivalent resistor for a parallel network in the circuit.
Thus,
— R2R3R4
P R,R, +R,R, +R,R,
This implies that the equivalent resistor is in a serial connection with R1.
Therefore, for this configuration, the equivalent resistor is:

Req:R1+Rp:R1+RR RRR, .

3 4+R2R4+R2R3

Hence,

R, =100 Q+ 20€2x50€2x 752 =11875 Q.

50Qx75Q+500Qx75Q+500Qx500Q

In fact, the candidate was supposed to use Ohm’s law to determine the
current passing through R». The total current:

I, :£ :i: 0.0505 A.
R, 18.75
Then the potential difference across R1 is given as:
E =l xR,

Thus,

E, =0.0505 Ax100 2=5.05 V

Also, the potential difference across R2 is given as:
E,=E-E=E-(, xR)

Thus,

E,=6.0V-5.05V=095V

Using Ohm’s law, the current through R2 can be calculated as follows:
pd accross R,

lgy =———F—

RZ
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where |, is the current through R2.

Therefore:
| pd accross R, 0.95V
" R, 50 Q
In part (c) (i), some of the candidates failed to apply Kirchhoff’s voltage
law in analysing the circuit. The analysis further showed that some
candidates applied Kirchhoff’s voltage law but failed to perform
mathematical computation correctly. These candidates failed to follow
appropriate steps. Some computed the current instead of the potential
difference between A and C. For instance, one candidate wrote:

=0.019A.

IR-V =0
Ir=V
| =—

R
I =7A
Moreover, in part (c) (ii), the candidates failed to provide a scientific
explanation for the decrease in potential difference from point A to B. Most
of them provided irrelevant responses. For instance, one candidate wrote:
“the potential decreases from point A to B because they are arranged in
Series”. This statement is also incorrect. The candidate was supposed to
know that the potential does not decrease just because components are in
series. According to Ohm’s law, the decrease occurs due to current flow
and the presence of resistance. Extract 8.2 is a sample of the incorrect
responses from one of the candidates who scored zero marks in this
question.
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Extract 8.2: A sample of an incorrect response to question 8 of paper 1

Extract 8.2 demonstrates that the candidate lacked fundamental knowledge
of alternating current (AC) theory and skills in Kirchhoff’s Voltage Law
(KVL) in electrical networks. As a result, the candidate was unable to
correctly determine the equivalent resistance, current, and potential
difference within the circuit.
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2.9

Question 9: Electronics (Diode, Transistor and Operational Amplifier)

This question was divided into three parts: part (a), part (b) and part (c).
Part (a) required the candidates to (i) give the necessary condition for a
transistor to act as an open switch, (ii) study the given electronic circuit and
find the voltage across the capacitor, C. In part (b), the candidates were
required to (i) identify two characteristics of an op-amp, and (ii) evaluate
the output voltage V, in a given electronic circuit. In part (c), the

candidates were asked to (i) give two advantages of using integrated
circuits in electronic devices (ii) briefly explain the mode of operation of a
p-n junction.

The question was optional and was attempted by 26,707 (90.20%)
candidates. Among them, 8,465 (31.70%) candidates scored 0.0-5.0 marks,
9,614 (35.99%) candidates scored 5.5-8.5 marks, and 8,628 (32.31%)
candidates scored 9.0-15.0 marks. The analysis indicates that the overall
performance was good, as 18,242 (68.30%) candidates scored 5.5-15.0
marks. Figure 10 summarises the candidates’ performance in Question 9.

5N
(=)
A
e
o

Scores
m0.0-5.0
5.5-85
m90-150

31.70%
32.31%

Figure 10: Candidates' performance in question 9 of paper 1

Statistical data shows that higher achievers (32.31%) demonstrated
knowledge and skills of diode, transistor and op-amp. For example, in part
(@) (i), they accurately stated the necessary condition for a transistor to
function as an open switch, as when both the collector and emitter are
reverse-bias. The analysis revealed that the candidates were able to apply
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appropriate concepts, theories, and principles governing the half-wave
rectifier to deduce the voltage value across the capacitor. Moreover, the
candidates were able to identify key characteristic features of op-amps as
per part (b) (i) in this question. These candidates applied the appropriate
concepts, theories and principles governing op-amps to deduce the Vo as
per the given circuit. In part (c) (i), these candidates explained several key
advantages of using integrated circuits (ICs) in electronic devices
effectively. Extract 9.1 presents a sample of a candidate’s correct response,
demonstrating good competency and mastery in this area.

9 &
CONecessar‘y <ondition Fer olrmnsitor 16 acl a3 aqn
CQFQ!\ $U-\i,‘kc\n ’{j (,—& C\.A' ofr _po'u\t .

W S of ukion .
P
'Yr,m,_; = \(ma,.c .

Ja

\(c = \r:l X\(f"r'n':'

Ve = RA4OV

~Ne = laxz40v

Nc = 339 41N

Hence :

The '\(E\\’qug Acrogy i“f'w_ C’-c‘-\?ac"\LtUY'{J 2339 -4\V

&)

) Charaderistics @4 an Op-amp .
-1t has  hids inpuk impeed ance .
-1t has low oul‘lgut \{mfechnce .

Q1) Salukion:
Since, Figwe 4 ads o Summing Am'nU&in‘Qr

A e =‘R?5—{"i\_+\_f.a.\
U Ry Ra/

67



4.1 v No = -80 [ AN -3 )
\\ o Aa) |
=-80 /4N _ v\
\ B Ao )
~N¢ = Bl xd N
200 .
Ng =-0-4Y .
Hence,
fhe <9\J-t1‘>uk ~oltege Yo = —O: 4V
(e)
D) Adwartager of using nergroded. Sreuils
-t \"\dp& in woﬁqnq it funchion a8 one Grwit
ould hoJC
- 1t reduce Cosyt d‘i L"*‘é’“\f iatbl ccod Ay %{;ﬂf«(}n
Q) Corsider a QMagrm of the p-n |unct|on Lelows .
:fy__:hloqer
-zt
[+ g kxS Y
! ft;*:{f e
T 18
+i ‘l 1 L.—
RRANE
94 {0 @) Nken the Sullch 0 claised the eledioni move

Tom the Q—t‘ype motenal leving the beler  cnd Tre Loles

are  oppenry 'i(o the ot of n-type n Yre O\Qp'lehovx lenser

he n ﬁ\e Q%leﬂrqe Me\eﬁmm UUIH'\ boles Corﬂtlhum’ H’\l

cl.epahon \o.yer inCreste s Caunnqq vﬁ\tﬂqo CIT@P

accrm} the c@aplet\ﬁn 10\'{@;— thal 15 Kres \‘ﬂk&g&'

Extract 9.1: A sample of correct responses to question 9 of paper 1
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In Extract 9.1, the candidate provided well-articulated responses on several
key aspects. These included a clear explanation of the conditions under
which a transistor operates as an open switch, accurate calculations of the
voltage across the capacitor, a correct description of the characteristics of
an operational amplifier, and a well-stated account of the advantages of
using integrated circuits in electronic devices.

The analysis further reveals that some candidates scored between 5.5 and
8.5 marks, which is considered an average score. It was revealed that the
candidates performed better in parts (b) and (c), where they scored
relatively higher marks. However, most of the candidates failed to obtain
higher marks in part (a) due to insufficient knowledge and skills related to
diodes and transistors. Moreover, the analysis indicated that most of them
were unable to analyse the given circuit and compute the voltage across the
capacitor. This could be due to their limited understanding of the concepts,
theories and principles related to the diodes and half-wave rectifiers.

On the other hand, the analysis indicates that 31.70% of the candidates who
attempted this question scored lower marks (0.0-5.0). These candidates
failed to demonstrate their mastery of the basic concepts, theory and
principles related to transistors, diodes and ICs. In part (a), most of them
provided incorrect and irrelevant responses. For example, in part (a)(i),
some of them failed to provide the necessary condition for a transistor to
act as an open switch. One of the candidates responded as: “the necessary
for transistor to act as open switch is due to the absence of the feedback
resistance on the op-amps”. Looking at this response, the candidate
incorrectly associates the operation of a transistor as an open switch with
the absence of the feedback resistance in an op-amp system. This suggests
that the candidate failed to distinguish electronic components and their
respective functions and configurations (transistor and op-amp). The
candidate was supposed to know that a transistor has three operating
regions, named: (i) the cut-off region (open switch), (ii) the active region
(amplification), and (iii) the saturation region (closed switch). These
operation modes depend on the biasing conditions. For a transistor to act as
the open switch, there must be no current flowing through the collector-
emitter junction. This could be possible only if the base-emitter junction
(for npn) is reverse biased. Another candidate responded as “when there is
a parallel arrangement of both inductor, capacitor and resistor, it acts as
an open switch”. This is an irrelevant response.
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In part (a)(ii), most of the candidates failed to analyse the given circuit and
calculate the voltage value across the capacitor. Most of them provide
irrelevant responses. This has been revealed to several candidates. For
instance, one of the candidates responded to this part as follows:

Vi, =V, +V,
but

Vin =V,

V, = 240V

Therefore, a voltage across the capacitor is 240 V. The approach is not
clear and makes no sense as per the question. Some of the candidates
applied Kirchhoff’s law to deduce the voltage across the capacitor. For
instance, one candidate wrote:

By Kirchhoff’s law

Since; V, =0.7V

V,. =V, +V,

VC :Vac _VD

V. =240-0.7 =233V

The approach was not correct. The candidate was supposed to know that by
using KVL, the loop will be source, diode, capacitor and then return to the
source. Thus, by KVL

(t) _VD _Vc (t) =0

VSOU rce

It implies that:
VC (t) :Vsource (t) _VD

Moreover, the candidates were supposed to realise that the source is an AC
supply. Thus, the peak voltage can be calculated as:

V., =V2xVos =2x240V =339.4V

peak
It follows that:

V. (t) =V, 1) -V, =(339.4-0.7)V =338.7V

ource

In part (b), most of the candidates failed to provide key features of the op-
amp. Some of them provided the application instead of the features of the
op-amp. For instance, one candidate wrote: It performs mathematical
operations like addition, subtraction, differentiation and integration. This
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was an incorrect response. These candidates had insufficient knowledge
about the characteristics of op-amps. Furthermore, inadequate knowledge
and understanding were observed in part (c)(ii). For example, one of the
candidates described the function of a capacitor instead of the importance
of ICs. The candidate wrote: It Helps in storing charge in the circuit also
used in electrical appliance. This suggests that the candidate failed to
identify various electronic components and their application in the circuits.
Extract 9.2 presents a sample of a candidate’s incorrect response,
demonstrating poor competence on the topic.
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Extract 9.2: A sample of incorrect responses to question 9 of paper 1

In Extract 9.2, the candidate incorrectly applied Kirchhoff’s Law in part (a)

(if) when calculating the voltage across the capacitor. Furthermore, the
candidate failed to provide correct responses in other parts of the question
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2.10 Question 10: Electronics (Logic Gates, Transistors and Operational
Amplifiers)

This question had three parts: parts (a), (b) and (c). Part (a) of the question
asked: In each of the following diagrams, find the truth table and mention
which single gate it represents.

A o—
(1)
- >

i) " ._‘:DD—I‘DD—- v

Diagram 8

In part (b), the question asked

(i) What is meant by the voltage follower? Give one importance of it.

(i) Point out three factors to consider when designing a voltage
amplifier.

In part (c) the candidates were required to (i) sketch the labelled graphs of
input and output characteristics of a common base transistor connection, (ii)
determine the base current in an n-p-n transistor of collector current 10 mA
if 90% of electrons emitted from the emitter reach the collector.

This was an optional question, attempted by 25,023 (84.5%) candidates.
The score distribution was as follows: 8,053 (32.18%) candidates scored
between 0.0 and 5.0 marks; 10,637 (42.51%) candidates scored between 5.5
and 8.5 marks; and 6,333 (25.31%) candidates scored between 9.0 and 15.0
marks. The analysis indicates that overall performance was good, with
16,970 (67.82%) candidates scoring between 5.5 and 15.0 marks. Figure 11
illustrates the candidates’ performance in Question 10.
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Figure 11: Candidates' performance in question 10 of paper 1

Statistical analysis indicates that overall performance on this question was
good, with 67.82% of candidates achieving higher marks (5.5-5.0). In parts
(@) (i) and (ii), candidates demonstrated familiarity with Boolean algebra,
particularly with the fundamental rules governing logic operations. They
applied these rules effectively to construct truth tables and identified the
resulting logic gates. In part (b) (i), candidates demonstrated a good
understanding of the concept of a voltage follower. Some were able to
illustrate the circuit and clearly explain its significance. In part (b) (ii),
candidates were able to identify key factors to consider when designing a
voltage amplifier. Furthermore, in part (c), candidates effectively applied
computational skills and correctly interpreted the input and output
characteristic graphs of a common-base transistor configuration, resulting
in accurate responses. Extract 10.1 shows the correct responses of one of
the candidates who answered question 10 appropriately.
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Extract 10.1: A sample of correct responses to question 10 of paper 1

In Extract 10.1, the candidate successfully applied relevant electronic
concepts, theories, and principles to solve the given problems.

The analysis further illustrates that 10,637 (42.51%) of the candidates who
attempted this question scored between 5.5 and 8.5 marks, which is
considered an average score. It was revealed that the candidates performed
better in parts (a) and (b) (i), where they scored higher marks. However,
most of the candidates failed to obtain higher marks in part (b) (ii) and (c)
due to insufficient knowledge and skills related to transistors. These
candidates failed to apply the correct formula to calculate the base current
as per the given conditions.

Nonetheless, a total of 32.18% of the candidates who attempted this
question scored lower marks. The scores were poor in almost every part of
the question. This suggests that they lacked enough knowledge and skills
on the topic of electronics. In parts (a)(i) and (ii), most of them failed to
correctly interpret the output of the provided logic gate, which led to
incorrect responses. On the other hand, these candidates failed to provide
the meaning of the term voltage follower. Most of them provided incorrect
and irrelevant meanings. For example, one candidate defined the voltage
follower as “the path which provides more volt energy due to input energy
provided,”. This statement is scientifically incorrect because:

Q) The words “provides more volt energy” are ambiguous and
incorrect. The candidate was supposed to know that voltage itself is
not energy. The energy must involve both voltage and current over
time.
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(i) A voltage follower does not provide more voltage than the input. It
means that no amplification of voltage. The input voltage is always
equal to the output voltage.

In a voltage follower, the op-amp maintains an output voltage equal to the
input voltage. It provides current to the load from its power supply, not
from the input signal, making it useful for impedance matching and
buffering without amplifying voltage.

Moreover, in Part (b) (ii), some candidates were unable to identify the
factors to be considered when designing a voltage amplifier. Instead, they
provided irrelevant information. For instance, one candidate responded as
follows: “Summing: voltage amplifier can be summing for adding the
current”. “Subtractor: is the difference in output voltage an input voltage ”
and “Comparator: comparison of voltage amplifier”. These responses
indicate that the candidates did not understand the question. Instead of
addressing the design considerations for a voltage amplifier, they listed
applications of an operational amplifier. This reflects the candidates’
inability to comprehend and respond appropriately to the question’s
requirements.

Additionally, the analysis reveals that most of the candidates who are in
this category failed to score higher marks in part (c). They failed to provide
the correct labelled diagram for the input and output characteristic curves of
a common-base transistor connection. Extract 10.2 shows the incorrect
responses from one of the candidates who scored low marks in this
question.
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Extract 10.2: A sample of incorrect responses to question 10 of paper 1

In Extract 10.2, the candidate failed to identify the number of inputs for the
logic gate. As a result, the candidate constructed an incorrect logic gate
and its corresponding truth tables. Additionally, the candidate provided an
irrelevant explanation of the voltage follower and its importance. Similarly,
the response included incorrect factors to consider when designing a
voltage amplifier.

ANALYSIS OF CANDIDATES' PERFORMANCE IN EACH
QUESTION IN 131/2 PHYSICS 2

This paper was derived from six topics, namely: Fluid Dynamics,
Vibrations and Waves, Properties of Matter, Electrostatics,
Electromagnetism and Atomic Physics. Each topic contributed one question
carrying 20 marks. The candidates were required to attempt five questions.
The analysis of each question is as follows:

Question 1: Fluid Dynamics

This question had parts (a), (b) and (c). In Part (a), the question asked:

() Account for a suction effect phenomenon based on Bernoulli’s
Theorem.

(i) A raindrop of radius 2 mm falls from a height of 500 m above the
ground with decreasing acceleration to half its original height. If it
attains its maximum terminal speed and moves with uniform speed

82



thereafter, determine the work done by the gravitational force on
the drop in the first and second of its journey.

In part (b), the question asked:

(1) Distinguish between static pressure and dynamic pressure as
applied in laminar fluid flow.

(i)  Water is flowing steadily through a horizontal pipe of uniform
cross-sectional area. If the velocity and pressure at a point where
cross section area is 0.02 m? are 2 m/s and 4 x 10* Nm?,
respectively, calculate the pressure at a point where the cross-
sectional area is reduced to 0.01 m?,

In part (c), the question asked: Determine the rate of flow of glycerine of
density 1.25 x 102 kgm?® through the cross section of a pipe if the radii at its
ends and the pressure of a drop across its length are 0.1 m, 0.04 m and 10
N/m?, respectively.

A total of 28,446 (96.09%) candidates attempted the question. Among
them, 7,702 (27.08%) scored from 0.0 to 6.5 marks, 13,436 (47.23%)
scored from 7 to 11.5 marks, and 7,308 (25.69%) scored from 12.0 to 20.0
marks. The data shows good candidates’ performance in this question,
since 20,744 (72.92%) scored from 7.0 to 20.0 marks. Figure 12 illustrates
the overall performance of this question.
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Figure 12: Candidates' performance in question 1 of paper 2

83



The analysis reveals that the candidates who scored higher marks (12.0 —
20.0) correctly explained a suction effect phenomenon based on Bernoulli’s
Theorem. They were aware that the pressure difference creates a net force
that pushes the person towards the objects. It can be said that these
candidates applied Bernoulli’s principle to interpret and explain practical
phenomena.

Moreover, they managed to distinguish static pressure and dynamic
pressure as applied in laminar fluid flow. They also applied the correct
formula to determine the work done by the gravitational force of a raindrop.
Consequently, their computational skills enabled them to obtain the correct
values of the work done by the gravitational force. Moreover, some of them
used the concept of Bernoulli’s Theorem to determine the pressure of water
at a point where cross section area is reduced to 0.01 m?. In addition, these
candidates applied the Continuity equation to solve a numerical problem.
This is an indication of mastery of basic concepts, theories and principles
related to the dynamics of fluid flow as well as mathematics skills. Extract
11.1 shows the correct responses to this question.
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Extract 11.1: A sample of correct responses to question 1 of paper 2

In Extract 11.1, the candidate demonstrated competence in fluid dynamics.
The candidate applied conceptual understanding and critical thinking to
explain the suction effect and Bernoulli’s principle. Moreover, the
candidate used mathematical skills to calculate the work done by the
gravitational force as well as the pressure of the flowing fluid in a reduced
area.

Further analysis shows that some of the candidates (47.23%) scored
average marks (7.0 - 11.5). Most of these candidates scored higher marks in
parts (a) and (b). However, most of them failed to score good marks in part
(c). Looking at their responses, it is evident that they lacked adequate
knowledge and skills related to the Continuity equation. These candidates
applied the incorrect formula to calculate the rate of fluid flow. Some of
them applied Bernoulli’s principle, which was incorrect as per the item.

On the other hand, analysis reveals that 7,702 (27.08%) of the candidates
who attempted this question scored lower marks (0 — 6.5). These candidates
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failed to apply concepts, theories and principles related to fluid dynamics to
real-world contexts. Most of them provided incorrect or irrelevant
responses. In part (a), one of the candidates stated as; suction effect is a
phenomenon caused by pressure difference between the large tube and a
small tube of a syringe which causes the increase of velocity of the fluid
sucked from a bath to a syringe and Energy can neither be created nor
destroyed but can be transformed from one form to another. This response
is vague and lacks a clear logical flow. The candidate stated that the
pressure difference is caused by the increased velocity, which is incorrect.
The candidate was supposed to know that, as per Bernoulli’s principle, it is
the high fluid speed that causes the lower pressure in a region and not vice
versa. Moreover, the candidate applied the principle of conservation of
energy in the wrong contexts.

Additionally, the candidates described the suction effect in terms of a
pressure gradient, stating that: “the suction effect occurs when someone
sucks a liquid using one end of the tube, creating the pressure gradient and
hence the liquid is pulled by a force”, which was given

as: F =% ,o(\/22 —Vlz) . This was an incorrect response. The mathematical

formula used was dimensionally incorrect. Other candidates applied the
formula for the terminal velocity of a smooth object falling through a fluid.

They wrote: V; =§r2(p—_5jg . This was an incorrect response as per
n

the context of the item. The candidates in this category were supposed to
know that terminal velocity and suction effect are not related phenomena.
Terminal velocity is due to the balance of forces on a falling object, while
the Suction effect is due to the pressure-induced movement of fluid. Some
of the candidates responded to part (a) (ii) by writing/2gh . This was an
incorrect formula. The candidates were supposed to know that the
gravitational work done is defined as: W =mgh, where m is the mass of a

raindrop and other symbols carry their usual meaning. Mass of a raindrop,
m= pV . Assuming that a raindrop is spherical, its volume is defined as

%nr3. It follows that: W :%ﬁrspgh.

In part (c), some candidates failed to establish the relationship between the
concepts of velocity, cross-sectional area of a pipe, pressure and density of
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3.2

glycerine to which is crucial for determining the rate of flow of glycerine.
Most of them applied the incorrect formula as per the context of the item.

For example, one of the candidates wrote that the flow rate of glycerine is

aPa’

determined by applied Poiseuille’s formula Q= et Some of them

wrote irrelevant expressions. For instance, one candidate wrote: rate of flow
of glycerine Q =(Apxv,). The expression is dimensionally incorrect. The

candidate was supposed to use the Continuity equation, which is given as
Q=Av, = Av,, where all symbols carry their usual meaning. Extract 11.2

illustrates a sample of incorrect responses.
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Extract 11.2: A sample of incorrect responses to question 1 of paper 2

In extract 11.2, the candidate outlined the concepts of aerofoil lift, the
Venturi meter, and water flow in a tank, examples that represent
applications of Bernoulli’s Theorem, instead of explaining the suction
effect, as the question demands. Moreover, the candidate used an incorrect
formula to calculate the work done by the gravitational force.

Question 2: Vibrations and Waves

This question was derived from the topic of vibration and waves. It
comprises parts (a), (b) and (c). Part (a) consisted of two parts, named part
(@) (i) and part (a) (ii). In each part, a candidate was supposed to apply
mathematics skills to obtain the physical quantities. In part (a) (i), the
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candidates were required to (i) determine the number of beats per second
heard by the observer (assuming there was no wind), when a whistle gave a
sound of frequency of 500 Hz moving away with the velocity of
1.5m/sfrom a stationary observer in a direction towards and perpendicular
to a flat wall. In part (a) (ii), determine the width of the central maximum
on a screen placed at a distance of 1 m from the slit, if the given slit width
was 0.1 mm, and the slit was illuminated with a monochromatic light of

wavelength of 5,000,&.

Moreover, part (b) of this question was also a numerical question. The
candidates were examined to (i) calculate the frequency of the note when a
wire of length 140 cm and mass was stretched by means of a load of 16 kg,
and (ii) estimate the positions where two bridges were to be placed to
divide the wire into three segments whose fundamental frequencies were in
the ratio of 1:2:3. Part (c) of this question was conceptual. The candidates
were asked to (i) identify the necessary conditions for interference of light
to occur and (ii) explain briefly when Fraunhofer’s diffraction takes place.

A total of 25,424 (85.89%) candidates attempted this question. Their scores
were distributed as follows: 9,461 (37.21%) candidates scored between 0.0
and 6.5 marks, 10,466 (41.17%) candidates scored between 7.0 and 11.5
marks, and 5,497 (21.62%) candidates scored between 12.0 and 20.0
marks. Overall, the candidates’ performance was good, as 15,963 (62.79%)
candidates scored between 7.0 and 20.0 marks. Figure 13 illustrates the
performance distribution for this question.

oo
290 +
< 80 +
70+
S 60 +
e
Q —+
230 4
§20 ¢
510 +
A& 0

41.17

3721

21.62

0.0-6.5 7.0-11.5 12.0-20.0

Scores

Figure 13: Candidates' performance in question 2 of paper 2
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The data shows that 21.62% of the candidates scored higher marks (12.0 —
20.0). These candidates demonstrated their mastery in basic concepts and
principles related to the Doppler effect and beat frequency. These
candidates were able to evaluate the changes in sound frequency due to the
relative motion of the source and observer. Moreover, they were able to use
an appropriate formula to determine the beat frequency value. Furthermore,
candidates applied the concepts and principles related to wave optics to
determine the width of the central maximum.

In part (b), the candidates demonstrated their mathematical skills by
correctly calculating the frequency of the note. These candidates also
correctly determined the positions of the bridges. Likewise, in part (c), they
accurately identified the necessary conditions for the occurrence of light
interference and applied appropriate sketches to effectively illustrate
Fraunhofer diffraction. Extract 12.1 is a sample of a candidate's correct
responses.
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Extract 12.1: A sample of correct responses to question 2 of paper 2

In Extract 12.1, the candidate applied the concept of the Doppler effect to
determine the number of beats per second as heard by the stationary
observer. He/she was capable of calculating the central maximum using the
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formula Zdﬂ as applied in physical optics. Also, the candidate correctly
calculated the fundamental note using an appropriate formula.

Moreover, it was observed that 41.17% of the candidates who attempted
this question scored between 7.0-11.5 marks, which is an average score.
Most of these candidates only attempted a few parts of this question. As a
result, they only score a lower mark.

An analysis further reveals that 28.61% of the candidates who attempted
this question scored lower marks (0.0-6.5). They failed to demonstrate their
mastery in basic concepts, theories and principles of vibration and waves.
Most of them provided irrelevant responses. For instance, in part (a)(i), one

] , V -
candidate wrote: f :[ Ys

f . Indeed, the expression is correct as per
V+U

S
the Doppler effect context. However, the candidate was supposed to further
simplify the expression, as it involves a stationary observer and reflection
(echo). The frequency of sound directly from the source (source moving
away) is given as:

) \Y . .
f=f ( ] . The reflected sound acts like a source moving towards the
V4V,

observer (with speed 1.5 m/s) is givenas f = f ( v j
V-V

S

Thus, the beat frequency is given as:

fuew =|f"— f'|. Upon substituting data, the beat frequency is 4.4 Hz.

Extract 12.2 is a sample of incorrect responses to this question.
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Extract 12.2: A sample of incorrect responses to question 2 of paper 2

In Extract 12.2, the candidate applied irrelevant formulas to calculate the
number of beats per second and the frequency of the fundamental note in
parts (a) and (b), respectively. In part (c), the candidate incorrectly stated
conditions for diffraction instead of identifying the correct conditions
required for the interference of light to occur.

Question 3: Properties of Matter

This question was divided into three parts: (a), (b), and (c). In part (a),
candidates were required to:(i) explain why reducing the volume of a gas at
constant temperature leads to an increase in pressure, and (ii) deduce
Avogadro’s law in terms of the kinetic theory of gases.

In part (b), the candidates were asked to: (i) explain the terms root mean
square speed and mean speed of gas molecules, and (ii) determine the root
mean square speed of a hydrogen molecule at a given temperature of 27°
C, using the Boltzmann constant (K = 1.38x10% J/K). In part (c), the
question asked candidates to state six assumptions that form the basic
postulates of the kinetic theory of gases.
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A total of 28,682 (96.89%) candidates attempted this question, and their
scores were as follows: 8,207 (28.61%) scored from 0.0 to 6.5 marks,
12,448 (43.40%) scored from 7.0 to 11.5 marks, and 8,027 (27.99%) scored
from 12.0 to 20.0 marks. These scores indicate that the candidates'
performance in this question was good, as 20,475 (71.39%) of them scored
from 7.0 to 20.0 marks. Figure 14 presents a summary of the candidate’s
performance.

Scores
m0-6.5
o7-11.5
m12-20

43.40%

Figure 14: Candidates' performance in question 3 of paper 2

The data analysis reveals that 27.99% of the candidates scored higher
marks (12.0-20.0). The candidates in this category scored higher on most
parts of the question. They were able to apply Boyle’s law and the kinetic
theory of gases to scientifically explain the cause of an increase in pressure
when volume is reduced at constant temperature. Moreover, the candidates
correctly applied the kinetic theory of gases to deduce Avogadro’s law.
Furthermore, these candidates applied a correct formula to determine the
root mean square speed of a hydrogen molecule. This suggests that the
candidates had adequate knowledge and skills on the topic of properties of
matter. Extract 13.1 presents an example of correct responses from one of
these candidates.
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Extract 13.1: A sample of correct responses to question 3 of paper 2

In Extract 13.1, the candidate correctly stated the relationship between the
volume of a gas and its pressure at constant temperature. This candidate
was able to deduce Avogadro’s law from the kinetic theory of gases.
Moreover, the candidate applied the appropriate formula to determine the
root mean square speed of hydrogen molecules. Furthermore, the candidate
accurately listed the six assumptions of the kinetic theory of gases, as
required by the question.

The analysis further shows that 43.40% of the candidates scored average
marks (7.0-11.5). Most of these candidates failed to score higher marks in
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parts (b) and (c) of this question. In part (b) (i), these candidates failed to
clearly define the root mean square speed and mean speed of the gas
molecules. On the other hand, most of them provided a correct
mathematical formula but failed to substitute the values of temperature and
mass of the H> when calculating the root mean square speed of Ho.

The statistical data shows that (37.21%) of the candidates scored lower
marks (0.0- 6.5). Most of them provided incorrect responses in most parts
of this question. They failed to apply concepts, theories and principles
related to the kinetic theory of gases to describe various physical
phenomena. In part (a) (i), these candidates failed to provide a scientific
reason on the cause of the increase in pressure when the volume of a gas is
reduced at constant temperature. Most of them provided incorrect
responses. For instance, one candidate wrote; “upon reducing the volume
the number of molecules that collide is decreased hence pressure
increases” This was an incorrect statement. The candidate failed to realise
that the pressure of gas comes from molecules colliding with the walls, not
molecules crowding. In this regard, it can be concluded that reducing the
volume results in: (i) molecules having less space to move, and (ii) an
increased rate of collisions between the molecules and the container walls.
As a result, the pressure of the gas increases at constant temperature. Some
of the candidates provided irrelevant responses. For instance, one candidate
argued that, “number of molecules per unit volume decreases when volume
of a gas is deduced.” This statement makes no sense as per the question.

In part (a)(ii), these candidates failed to apply the kinetic theory of gases to
deduce Avogadro’s law. For example, some candidates incorrectly wrote

Avogadro’s equation as %PV = K while others wrote NM = % Mv?. These

formulas make no sense in physics. The candidates in this category failed to
understand that macroscopic quantities (pressure and volume) are related to
microscopic properties (speed, energy and collision). The kinetic theory of
gases establishes a connection between the two properties.

Thus, according to the kinetic theory of gases, the pressure of the gas is
given as:
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Nm(c®
p_ 1 Nm{c’)

3
molecules. As per the kinetic theory of gases, the average kinetic energy
per molecule is related to temperature by:

1 3
§m<02>:§kT.

. The mean speed defines the average kinetic energy of the

Thus:

m(c®)=3KT .

From the equation of the pressure, one can write

PV =%N.(3kT) = NKT . This is the ideal gas equation. Since Avogadro’s

number (number of molecules per mole) is given as: N, _N and k = Ni
n

A
It follows that:
PV =nRT . This is an ideal gas equation in terms of moles. For constant
pressure and temperature, the pressure equation becomes:

V =Kn. Note % =K, constant.

Thus, it can be said that at constant temperature and pressure, the volume of
a gas is directly proportional to the number of molecules (or moles) of the
gas.

Moreover, in the determination of the root mean square speed in part (b),
some candidates applied the wrong formula. For instance, one candidate

wrote: KE :ngT . This was an incorrect expression as per the question's

demand. This equation describes the average Kkinetic energy of the
molecules. The candidate was supposed to know that the root mean square

speed of hydrogen molecules is defined as: v, = \/? .

Some candidates failed to substitute the correct value of the mass of
hydrogen. For example, one candidate used 2 kg as the mass of hydrogen.
This was incorrect data and makes no sense in Physics. The mass of a
hydrogen atom (1.674 x 102" kg) was provided in the examination paper.
Thus, the mass of hydrogen molecules (H2) is
2x1.674 x 10°"kg =3.348x 10 kg . In addition, some of the candidates

calculated the mass of hydrogen gas as the product of the number of
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molecules, N and the mass of an electron, i.e., Nxm,. This calculation

makes no sense in Physics. Extract 13.2 represents a sample of an incorrect
responses to this question.
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Extract 13.2: A sample of incorrect responses to question 3 of paper 2

In Extract 13.2, the candidate provided i
this question.
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3.4

Question 4: Electrostatics
The question consisted of parts (a), (b) and (c). The question asked: (a)
Q) How is the direction of the field strength is specified?
(i)  Two point charge +2q should be placed between two-point
charges A and B of +2q) and—4q respectively are situated
90 mm apart. Where should a point charge of -2q be placed
so that it experiences no resultant electrostatic force?
(b) () What are the common properties of electric field lines?
(i) In demonstrating the motion of a charged particle, students
considered an electron projected with an initial velocity of
10"m/s into a uniform electric field between two parallel
plates of length 2cm being at a distance of 1cm apart. If

the direction of the field was vertically downwards when the
electron just missed the upper plate as it emerges from the
field, evaluate the magnitude of electric field.

(©) If a spherical conductor of radius 12cm has a charge of

1.6x107'C distributed uniformly on its surface; calculate the
electric field:

() Inside the sphere.

(i) At a point 18cmfrom the sphere.

This question was attempted by 20,098 (67.89%) of the candidates, of
which 12,327 (61.33%) candidates scored from 0.0 to 6.5 marks, 6,183
(30.77 %) scored from 7.0 to 11.5 marks, while 1,588 (7.90%) scored from
12.0 to 20.0 marks. These scores show that 7,771 (38.67%) candidates
scored from 7.0 marks and above, which indicates average performance.
Figure 15 summarizes the candidates' performance in this question.
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Figure 15: Candidates' performance in question 4 of paper 2

Further analysis of data reveals that among 20,098 (67.89%) candidates
who attempted this question, 38.67% scored above 6.5 marks. The
candidates had sufficient knowledge on the topic of electrostatics. In part
(@), most of them applied the positive test charge rule to describe the
direction of the field strength. Moreover, these candidates applied
Coulomb’s law to determine the neutral point between point charges A and
B. Regarding part (b), the candidates were able to identify two common
properties of electric field lines. Looking at their responses, it can be
concluded that their understanding of these properties enabled them to
evaluate, analyse, and manipulate expressions to determine the magnitude
of electric fields at different points between two parallel plates. In part (c),
they were able to apply the appropriate formula to calculate the electric
field both inside the sphere and at a point 18 cm from its centre. Extract
14.1 presents a sample of correct responses provided by one of these
candidates.
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Extract 14.1: A sample of correct responses to question 4 of paper 2

In Extract 14.1, the candidate correctly managed to specify the direction of
the electric field strength, identify the common properties of electric field
lines, and evaluate the magnitude of the electric field of a sphere.

On the other hand, 61.33% who attempted this question scored lower marks
(0.0-6.5). Most of them scored a lower mark in each part of this question.
In part (a), some candidates failed to specify the direction of electric
strength. For example, one candidate wrote, "The direction of field strength
can be specified through the magnetic field." This response is not true as
per the question. Magnetic and electric fields are connected when dealing
with either moving charges (changing fields) or electromagnetic waves. For
the static conditions, the direction of the field can be specified by using a
positive test charge (the law of positive test charge). Thus, it depends on the
configuration and polarity of the source charges. Another candidate wrote:
"The direction of field strength can be specified by lines which pass from
one pole to another.” This was also an incorrect response. This response
has some misconceptions. The candidate misused the word pole. A pole is
always used for a magnetic field (the north and south poles of a magnet). In
static electricity, positive and negative charges are used instead of poles. In
this regard, the electric lines do not pass from one pole to another. These
field lines originate from positive charges and end at negative charges.
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Furthermore, in part (a) (ii), most of the candidates in this category applied
an incorrect formula to determine the neutral point between point charges A
and B. This demonstrated a lack of mathematical skills. For example, one
of the candidates incorrectly wrote: position of a neutral point is

V-V,

determined by R :( jA instead of computing F.,+F, =0 and

QcQa __ QcQs

dreo X - 476, (90 + x)° '

In part (b), most of the candidates provided irrelevant responses. For
instance, one of the candidates outlined common properties of electric field
lines as: “flow of electric charge or electrons in a conductor and flow of
current from positive terminal to negative terminal.” Moreover, these
candidates failed to apply an appropriate mathematical equation to evaluate
the magnitude of the electric field. For example, one candidate used

B=" instead of manipulating y=1at?, a=Lt% and y:E(EJtZ.
qr m, 2{m,
They also applied incorrect formulas to calculate the electric field both
inside the sphere and at a point 18 cm from its centre. For example, one
candidate incorrectly calculated the surface area of the sphere using the
formula A=ar?instead of the correct formula A=4a?. Another

candidate applied an incorrect formula to determine the electric field

. 1 1
strength at a point 18 cm from the centre of the sphere as E = kq{———} :
rl r2
instead of E = 1 g > Which led to an incorrect result. Extract 14.2 is a
T, f

sample of incorrect responses of one of the candidates to this question.
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Extract 14.2: A sample of incorrect responses to question 4 of Paper 2

In Extract 14.2, the candidate applied an incorrect formula to determine the
physical quantities.

Question 5: Electromagnetism

This question consisted of three parts: (a), (b) and (c). Part (a) required the

candidates to justify the following statements;

(i) Permanent magnets are made of steel while the core of a transformer
is made of soft iron.

(i) Like poles of nearly magnets repel each other while unlike poles
attract.

(ili) Above Curie temperature ferromagnetic material becomes
paramagnetic.

Part (b) required the candidates to (i) distinguish between diamagnetic
materials and ferromagnetic materials with one example in each case and
(i1) describe the hysteresis loop for soft and hard steel with the aid of
labelled sketches. Part (c) required the candidates to; (i) calculate the force
on the conductor carrying current of 5 A passing through it, when a vertical
straight conductor of length 0.6 m is situated in a horizontal uniform
magnetic field of 0.1 tesla and (ii) determine the angle through which the
conductor must be substituted in the vertical plane so that the force on the
conductor is halved.
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The analysis reveals that 23,208 (78.40%) of the candidates attempted this
question. Among them, 4,459 (19.22%) scored from 0.0 to 6.5 marks,
10,152 (43.75%) scored from 7.0 to 11.5 marks, and 8,593 (37.03%) scored
from 12.0 to 20.0 marks. The general candidates’ performance in this
question was good, as 80.78% of the candidates who attempted this
question scored above 7.0 marks. Figure 16 represents these scores. The
distribution of their scores is shown in Figure 16.

100 ~
90 -
80 -
70 A
60 -
50 43.75
40 -
30 4

20

0 _

0-6.5 7-11.5 12-20
Scores

37.03

Percentage of Candidates

Figure 16: Candidates' performance in question 5 of paper 2

The candidates (37.03%) who scored between 12.0 and 20.0 marks
demonstrated a good understanding of the concept of electromagnetism.
They showed competence by correctly explaining the principles related to
permanent magnets, the core of a transformer, the repulsion between like
poles, the attraction between unlike poles, and the behaviour of
ferromagnetic materials above the Curie temperature. Most of them also
provided comprehensive descriptions and relevant examples of both
diamagnetic and ferromagnetic materials.

The statistical data shows that 37.03% of candidates scored between 12.0
and 20.0 marks. These candidates demonstrated their mastery of the basic
concepts, theories and principles related to electromagnetism. They applied
the correct mathematical formula to determine the values of the needed
physical quantities. These candidates presented well-labelled sketches and a
broad description of hysteresis loops for soft and hard steel.
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Extract 15.1 represents a sample of correct responses from one of the
candidates.
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Extract 15.1: A sample of correct responses to question 5 of paper 2

In Extract 15.1, the candidate correctly explained the concepts related to
magnetic materials. The candidate accurately sketched the hysteresis loops
for both soft and hard steel. Moreover, the candidate applied the relevant
formulas and followed appropriate procedures to calculate the force on a
conductor.

On the other hand, 43.75% of the candidates who attempted this question
scored average marks (7.0 - 11.5). Most of them scored higher marks in
part (a) and (b). They failed to score a higher mark in part (c). Most of them
failed to provide the correct formula. This suggests that they lacked
adequate knowledge and skills related to current carrying conductors.

126



The statistical data further shows that a small proportion of candidates
(19.22%) who attempted this question scored between 0.0 and 6.5 marks.
Most of them scored very low marks in each part of the question. Their
responses had a lot of misconceptions. For instance, one candidate
responded part (a) (i) as: Because the coil of a transformer must have high
magnetic strength in order to attract the coil to rotate and cause the
electric field. Looking at this response, it is evident that the candidate
confused a transformer with a motor. The coil rotation due to magnetic
attraction is characteristic of an electric motor, not a transformer. The
candidate was supposed to realise that transformers have no rotating parts.
They are operating based on the principles of electromagnetic induction
between coils (stationary). In addition, the candidate is supposed to know
that high magnetic permeability does not necessarily mean high magnetic
strength. The candidate was supposed to understand that a material with
high permeability is good at allowing magnetic flux. It does not produce a
strong magnetic field. Thus, the core of a transformer should have high
magnetic permeability to allow the induction process. Another candidate
stated: Because steel has low permittivity as compared to iron. This was not
a correct response. The core of a transformer must have high permittivity
and low retentivity (lose magnetism faster). Thus, a soft iron core is more
ideal for a transformer.

Moreover, some of them failed to distinguish the diamagnetic materials and
ferromagnetic materials. They provided incorrect or irrelevant responses.
For instance, one of the candidates wrote: diamagnetic materials are
materials which have magnetic properties, example is steel while
ferromagnetic materials are the materials which have no magnetic
properties, example is wood. The candidates were supposed to understand
that diamagnetic materials are materials which are weakly repelled by a
strong magnet and have negative magnetic susceptibility, for example,
copper, zinc, bismuth, while ferromagnetic materials are materials which
are strongly attracted by a magnet and have positive magnetic
susceptibility, for example, iron, nickel, cobalt. In addition, some
candidates provided incorrect descriptions and sketches of the hysteresis
loops for soft and hard steels. Extract 15.2 represents a sample of incorrect
responses to this question.

127



3.6

D RV4 [2luAie
L/7 4 e gy O
l_-a,.v-_aﬁ_t\ = O e
-'E'—\-— O testa
C—\U\J‘{_Q“M{ = LA
tocie = 7

<10
g = Y X
-
now = Ko g = FX - 2
7 —h—";""_f"_"’ e ‘ié; 7‘ L(X(d

9 -
i/ Fro e,
TJJZV\_@’ - F€. -
(S ien @ = O‘J'J
o .
TJ B = g v

— . yd
= (l.daicD

Extract 15.2: A sample of incorrect responses to question 5 of paper 2

In Extract 15.2, there is an example of a candidate who applied an incorrect

formula to calculate the force of a conductor carrying current. The

kg ka,d,
r.2

candidate applied of electric field E =— and electrostatic force F =
r

instead of a magnetic force F =BILsin&d to calculate the force on a
conductor.

Question 6: Atomic Physics

This question was divided into three parts: (a), (b), and (c). Part (a) required
candidates to (i) explain a line spectrum based on the transition of electrons
between energy levels and (ii) calculate the ionisation energy of an
element, when the energy of the convergence limit line of that element is -
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1.6 eV and that of the first energy level is -10.4 eV. Part (b) required the
candidates to (i) evaluate the Kkinetic energy gained by electrons in the X-
ray tube, when the potential difference across its ends is 40 kV and (ii)
determine the electric current flowing in the tube, when 0.5% of the energy
obtained in 6 (b) (i) is transformed into X-rays and 600 W was produced. In
part (c) the question asked: A beam of « -particles is directed normally at a
thin metal foil in an o -scattering experiment. Briefly explain why;

(i) mosta -particles pass straight through the foil?

(i) some «a -particles are deflected through angles of more than 90° ?
(iii) multiple scattering of an individual « -particle is unlikely?

A total of 22,156 (74.84 %) candidates attempted this question, and their
scores were as follows: 6,191 (27.94%) scored from 0.0 to 6.5 marks, 8,315
(37.53%) scored from 7 to 11.5 marks and 7,650%) scored from 12.0 to
20.0 marks. The general candidates’ performance in this question was
good, as 15,965 (72.06%) of the candidates who attempted this question
scored from 7.0 to 20.0 marks. Figure 17 summarizes the candidates’
performance in this question.

Scores
m0-6.5
o7-11.5
m12-20

Figure 17: Candidates' scores in question 6 of paper 2

The analysis reveals that 34.53% of the candidates scored higher marks
(12.0-20.0). These candidates demonstrated a good understanding of the
topic of Atomic Physics. These candidates correctly explained the concept
of line spectra based on electron transitions between energy levels. They
understood that specific amounts of energy (quanta) are absorbed or
emitted, corresponding to the differences between these levels.
Furthermore, the candidates accurately described the behaviour of alpha (o)
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particles based on experimental observations of their scattering when a
beam is incident perpendicularly on a metal foil. In addition, most of these
candidates effectively applied relevant formulas to calculate the ionisation
energy of an atom, determine the kinetic energy gained by electrons during
X-ray production, and compute the electric current flowing through the
tube. Extract 16.1 provides a sample of correct responses to this question.
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Extract 16.1: A sample of correct responses to question 6 of paper 2

In Extract 16.1, the candidate correctly explained the line spectrum based
on the transitions of electrons between energy levels, as well as the
behaviour of alpha (o) particles when directed at a thin metal foil. The
candidate also demonstrated outstanding mathematical skills in solving
problems related to the ionisation energy of an atom and the electric current
flowing through the tube.

Nevertheless, 37.53% of the candidates who attempted this question scored
average marks (7.0-11.5). These candidates scored higher marks in part (a)
(i) and (c). They scored lower marks in part (a) (ii) and (b). In part (b), most
of them provided irrelevant responses. It can be said that they failed to
demonstrate their mathematics skills in describing physical phenomena.

On the other hand, 27.94% of the candidates who attempted this question
scored lower marks (0.0-6.5). These candidates failed to correctly explain
the concept of the line spectrum based on electron transitions between
energy levels. For example, one candidate wrote, “An electron releases
energy and jumps to a higher energy level.” Others stated that “An excited
electron absorbs energy as a photon of light.” These responses indicate a
lack of adequate knowledge on the concept, theories and principles of
atomic transitions. The candidates were supposed to understand that an
electron absorbs energy to jump from a lower energy level to a higher one.
When the excited electron falls back to a lower energy level, it releases the
excess energy in the form of a photon of light.

133



In addition, some of them lacked mathematical skills as they encountered
challenges in calculating the ionization energy of the atom, evaluating the
kinetic energy gained by electrons and determining the electric current
flowing in a tube. For example, in responding to part (b) (i), one candidate
evaluated the kinetic energy gained by the electron in the x-ray tube by
applied the formula to determine energy stored in the capacitor as

1
E ZECVZ instead of Ke=%mv2. Other candidates applied the P =1°R

and H=1°Rt instead of P=1IV and PR, =P, +P .. to determine

heat X—rays
the electric current flowing in a tube. Extract 16.2 represents a sample of
incorrect responses to this question.
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Extract 16.2: A sample of incorrect responses to question 6 of paper 2

In Extract 16.2, the candidate provided an incorrect explanation of the line
spectrum based on electron transitions and applied incorrect formulas when
calculating kinetic energy and ionisation energy.

40 ANALYSIS OF CANDIDATES' PERFORMANCE IN EACH
QUESTION 131/3 PHYSICS 3

Physics paper 3 had three alternatives of Actual Practical Papers, which are
131/3A Physics 3A, 131/3B Physics 3B and 131/3C Physics 3C. Each
alternative paper consisted of three questions. Question 1 carried 20 marks
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4.1

while questions 2 and 3 carried 15 marks each. Question 1 was set from the
topic of Mechanics, question 2 from Heat and question 3 was from Current
Electricity. The candidates’ response analysis for each question is as
follows:

Question 1: Mechanics

This part consisted of three questions derived from the topic of Mechanics.
It is a collection of questions from all alternative papers: Physics 3A, 3B
and 3C. The analysis of these questions is as follows:

These questions were attempted by all 29,604 (100%) candidates, of which
22.04% scored from 0.0 to 6.5 marks, 17.01% scored from 7.0 to 11.5
marks, and 60.95% scored from 12.0 to 20.0 marks. The analysis reveals
that the candidates’ general performance in these questions was good, as
77.96% of the candidates scored 7.0 marks or above. Figure 18 summarizes
candidates’ performance.

70 +
260 L

50 +
O 40 1

$30 T 22.04
20 + 17.01

60.95

of Candidates

tag

=

10 +

0 - | |
0-65 7-11.5 12-20
Scores

Perce

Figure 18: Candidates' performance in question 1 of paper 3

4.1.1 Physics 3A

The candidates were provided with the plastic ruler (30 cm), metre rule,
retort stand with its accessories, mass, M, thread, masking tape, micro
meter screw gauge and weighing balance. They were required to proceed as
follows:
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@ By using cork pads on the retort stand, clamp the given 30 cm ruler
so that its flat side is horizontal and the protruding length,
| =27cm.Using a masking tape, fix the thread with length L = 110
cm at the end of the ruler and the mass, M hanging at the bottom as
shown in Diagram 9.

- ;]
Docvesiactivece: > e =
Cork Flastic
+——Eetort
Thread———»
Table
i
2l
Diagram 9

(b) Displace the mass, M a small distance from its equilibrium and
release it so that it executes oscillations in a plane parallel to the
ruler. Measure and record the time, t1o for ten oscillations and hence
compute its periodic time T.

(c) Repeat the procedures in 1 (b) when the lengths of the thread is L=
90 cm, 70 cm ,50 cm and 30 cm

Questions

Q) Tabulate your results including the values of L (m), tio (), T(S) and
TZ(SZ)

(i) Plot a graph of T?(s?) against L (cm)

(iiiy  If Tand L are related by:T? =4.03L +T/, what is the value of, T ?

(iv)  State the physical meaning of, T .
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(V) Measure and record the mass of the solid, M and the breadth, b and
thickness, t of the ruler.
(vi)  Compare the Young’s modulus E of the plastic ruler in SI, given

2 3
that E= 0" M(I—] .
bT t

Analysis reveals that 60.95% of the candidates scored from 12.0 to 20.0.
These candidates demonstrated the ability to set up an experiment and
collect data, present data on the length (L) of the thread and time (t) for 10
oscillations period as per the given procedure. They further apply
mathematical skills and provide correct responses to all items. This
suggests that the candidates adhered to the experimental procedures,
including setting up the experiment, collecting and analysing experimental
data. Furthermore, they displayed skill in plotting graphs. Using
appropriate scales for both the vertical and horizontal axes, they plotted
variable T2 (s?) against L (cm). In addition to the correct scales and axes,
candidates included all essential graph features, such as the title (with
units), labelled axes, plotted points with a best-fit line, and slope indication.

2
Moreover, they manipulated the formula E:16ﬂ M (I

3
- | to compute
bT t

c

Young’s modulus (E) of a plastic ruler with correct units. Also, they
correctly determined the value T? using equation T*=4.03L+T/ and

stated its physical meaning. Extract 17.1 shows the correct responses from
one of the candidates.
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Extract 17.1: A sample of correct responses to question 1 of paper 3A

In Extract 17.1, the candidate collected the correct data in the table of
results and used it to plot the graph of T?(s?) against L(m). Then, applied
the given equations to obtain the value of T, and Young’s modulus (E) of
the ruler.

The analysis of statistical data shows that 22.04% of the candidates scored
between 0.0 and 6.5 marks. These candidates failed to demonstrate mastery
of basic experimental skills related to the topic of mechanics. Other
candidates collected incorrect data, which led to incorrect presentation and
analysis of their experimental results. For example, some candidates
neglected to include proper units for the measured experimental variables,
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while others failed to include important graph features such as the title
(with units), labelled axes (both vertical and horizontal), slope indication,
and the best-fit line. Additionally, some candidates failed to transfer the
collected data points to the graph correctly. Some of these candidates failed
to set appropriate scales (vertical and horizontal). For instance, one of the
candidates wrote: “2 cm represents 10 cm”. Another wrote “1 cm: 2.7cm”.
The other candidate wrote: “1cm=2.7 cm. These candidates were
supposed to write the scale as 1 cm represents 5 cm, or 1 cm represents 2.7
cm, or 1 cm represents 0.5 s”.

Moreover, most of the candidates in this category failed to determine the
value, and lacked the mathematical skills to determine the value of T?

using equation T?=4.03L+T?. They failed to state the physical meaning

of T?. Most of them provided irrelevant responses. For instance, one of the

2
candidates wrote the physical meaning of T/ as (lj , Which is incorrect.
g

The candidate was supposed to recognise that when the length of the thread
(L) is zero, it implies that:

T?=4.03x0+T72. Meaning that T> =T?. In this condition, only the plastic

ruler will be oscillating. Therefore, value could be read from the graph as
the intercept of the axis, and its physical meaning is the period of vertical
oscillation of the clamped ruler.

2
They also failed to manipulate the equation E = 167°M ('

3
—J to obtain the
bT t

c
value of Young’s modulus. Extract 17.2 is a sample of a candidates’
candidate’s incorrect responses to question 1 of paper 3A.
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Extract 17.2: A sample of incorrect responses to question 1 of paper 3A

In Extract 17.2, the candidate collected incorrect data, plotted an incorrect
graph and failed to indicate T? intercept, which would help to obtain the
value of T, and Young’s modulus of the plastic ruler.

4.1.2 Physics 3B

The candidates were provided with the statement that Rectangular wooden
bars are used for making floors of pedestrian bridges. They were required
to investigate the suitability of the wooden bar provided. They were
required to proceed as follows:

(@)
(b)

Locate the centre of gravity G of the given bar.

Firmly clamp the metre rule at its centre on the retort stand so that
its flat side is vertical. Note that the retort stand has to be clamped
on the bench.
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(© Pass the bar through the two loops made on the ends of the two
lengths of cotton threads.

(d) Arrange the threads so that they are at a distance of d = 90cm apart.
Adjust the length of the threads to 100 cm.

(e) Tie off the loose ends of the threads on the clamped metre rule.
Make sure the threads are vertical and parallel as shown in Diagram
7.

()] Give the bar a small angular displacement about a vertical axis.

(9) Record the time, t(s) by timing 10 oscillations and hence determine
the periodic time T(s).

(h) Repeat procedures (d) to (g) using, d=70 cm, 50 cm, 30 cm and 10
cm.

“ d »l
I\ |

Hlllﬂyllllll||I|II|II‘IIIII'IIIII*IIHI'IH||Iii|||||| |1I|Iil|||l|

| Metre rule

Retort stand

L J

- Cotton threads

Wooden bar
G
Table
Diagram 10

Questions:

(1) Prepare a table of results including %(m‘l), time, t (s) of 10
oscillations and period of oscillation, T (s).

(i)  Plot a graph of T(s) against%(ml).

(iii)  Determine the slope of the graph.
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(iv)  Using the slope obtained in 1 (iii), evaluate the mass (kg) of the
wooden bar given that d and T are related by the

equation: T = ZT81 mig , Where, m is the mass of the bar and g is
the acceleration due to gravity.

(V) What will happen to the oscillation of the bar if, d =07?

(vi)  If the floor of the bridge is 50mx2mand the sample supporting
pillar has a breaking stress of 12 Nm, estimate the least number of
pillars needed to erect the bridge.

The analysis of data reveals that 77.96% of the candidates scored higher
marks (12 — 20). These candidates had adequate knowledge to perform the
experiment to determine Young’s modulus of a wooden bar. They collected
and tabulated correctly the table of results and used proper procedures in
plotting and interpreting the graph. Furthermore, most of these candidates
used the slope of the graph, which led them to evaluate the mass of a
wooden. This is to say that the used mathematical skills to relate to the

equation T :2T81 /mig and the results from the graph of T(s) against

%(ml) to estimate the number of pillars needed to erect the bridge.

Therefore, the candidates were able to determine correctly the number of
pillars needed to erect the bridge. They understood that when d = 0, the bar
will rotate instead of oscillating. Extract 18.1 is a sample of a candidate’s
correct responses.
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Extract 18.1: A sample of correct responses to question 1 of paper 3B

In Extract 18.1, the candidate tabulated the correct data in the table of
results and plotted the graph with the required aspects. The candidate
applied numerical skills to deduce the necessary equations for analysing the
values of mass m and the number of pillars needed for a bridge.

Statistical analysis shows that 22.04% of the candidates scored low marks
(0.0-6.5). These candidates showed several weaknesses. Such weakness
includes: Lack of knowledge of using a stopwatch for recording the time t
(s) for 10 oscillations. They incorrectly determined the periodic time T and
failed to present the data graphically. Moreover, most of these candidates
failed to adhere to procedures for plotting scientific graphs. They failed to
include the title, the axes, the scales used and the slope indication in the
graph. Furthermore, some of the candidates failed to analyse the
information from the graph and deduce the equations which could lead to
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the correct value of the mass of a wooden block and the number of pillars
to erect the bridge. Most of them provided incorrect or irrelevant responses.
For instance, one of them responded in part (v) by writing: “if the
separation distance become zero (d = 0) then the wooden bar oscillates at
very high speed. This was an incorrect response. They were supposed to
understand that when the separation distance (d) is zero, the bar will not
oscillate, but it will rotate. Extract 18.2 is an example of one of the
candidates’ incorrect responses.
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Extract 18.2: A sample of incorrect responses to question 1 of paper 3B

In Extract 18.2, the candidate failed to collect the time t for 10 oscillations
in seconds. The candidate also failed to manipulate the given equations
with the linear equation to obtain the values of mass, m and number of
pillars.
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4.1.3 Physics 3C

The candidates were provided with wire W and they were tasked to
perform an experiment to determine the shear modulus 7 of the wire given.

They were required to proceed as follows:

(@  Arrange the apparatus as shown in Diagram 11
«—Wire W Retort stand
LI
Metal rod \ l"
Al -
Rubber band . |4— 4 "*l"|"— a—> |
100 g 100 g Table
G-clamp R
[ e e o 2 P ]
Diagram 11

(b) Mount a metal rod AB at its centre point, then adjust the length, L of
wire, W about 50 cm so that when the metal rod AB is twisted
through A at a small angle in the horizontal plane about its centre
point, it executes oscillations.

(© Fasten the two masses firmly on the rod by using a rubber band, at
equal distance in centimetres measured from the suspended wire, W
to the mid-point of each mass

(d) Twist the metal rod and record the time, t for 10 oscillations of the
rod when the distance from the wire to the mass, a=3 cm. Hence
obtain its periodic time T

(e) Repeat the procedure outlined in 1 (d) for the values of a=5cm, 7
cm,9cmand 11 cm.

Questions:

(i)  Tabulate you results, including the values of t, T, T?, a, a and 10a2.

(i)  Read and record the diameter of the wire W hence find its radius.

(iii)  Plot a graph of 10a? against T2.

(iv)  Determine the slope of your graph.
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(V) Evaluate the shear modulus 7 of the wire W, from the equation,
80a’al
=W

The candidates who scored high marks (12 — 20) in this question
demonstrated the necessary skills for experimenting on Mechanics. Their
responses indicate that these candidates had sufficient knowledge of the
mechanical properties of matter (elasticity of a wire). They correctly
collected data for distance and time for 10 oscillations of the rod, plotted a

graph of 10a® against T?®. Furthermore, the candidates applied
mathematical skills to calculate the correct value of slope from the graph
plotted. They managed to relate the linear equation to obtain the value of
the shear modulus. Extract 19.1 is a sample of correct responses to this
question from one of the candidates.
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Extract 19.1: A sample of correct responses to question 1 of paper 3C

In Extract 19.1, the candidate presented the correct data in tabular form and
plotted the correct graph containing all aspects. The candidate also deduced
the value of the slope and used it to determine the value of the shear
modulus of the wire.

On the other hand, the candidates (22.04%) scored lower marks (0.0-6.5).
Some candidates encountered difficulties in obtaining accurate data due to
improper apparatus setup and incorrect measurement readings. Some of
them inaccurately measured the diameter of the wire because they lacked
skills in measurement. Moreover, these candidates demonstrated weakness
in plotting the graph since they lacked some important aspects of the graph,
such as well well-stated title of the graph, a reasonable scale, labelled axes,
slope indication and the best fit line. They also lacked the mathematical
skills necessary to calculate the shear modulus of the wire W. They
provided the incorrect value of the slope and the radius of a wire, which
could be used in other procedures for evaluating the shear modulus of the
wire. For instance, one candidate derived an incorrect equation for the
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4

experiment as 10a° :%Tzand the other wrote 80a” = zr*T? instead of
L.

77:S|0pe><8ﬂ4|—. Extract 19.2 is a sample of a candidate’s incorrect
r

responses to the question.
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Extract 19.2: A sample of an incorrect response to question 1 of paper 3C
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4.2

421

In Extract 19.2, the candidates provided a wrong table of values, and
consequently failed to draw the graphs of 10a”against T>.

Question 2: Heat

This part contained three questions on the topic of Heat. It is a collection of
questions from three alternative papers, Physics 3A, 3B and 3C.

The question was attempted by 29,604 (100%) candidates, and their scores
were distributed as follows: 15.32% scored between 0.0 and 5.0 marks;
33.59% scored between 5.5 and 8.5 marks; and 51.09% scored between 9.0
and 15.0 marks. This indicates generally good performance, as 84.68% of
candidates scored between 5.5 and 15.0 marks. Figure 12 illustrates the
overall performance on this question.

Scores
m0-5
05.5-85
mo-15

Figure 19: Candidates' performance in question 2 of paper 3

Physics 3A

The candidates were required to investigate the cooling behaviour of a
copper calorimeter under different conditions. They were required to
proceed as follows:

@ Half-filled the calorimeter with hot water of about90°C . Cover the
calorimeter with a lid and insert the calorimeter through the opening
S0 as to read the temperature of water.

(b) Starting with temperature of 80°C , read and record the temperature
of water at the interval of one minute for 10 minutes while stirring
and fanning using cardboard.
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(© Wet the given cloth normal tap water.

(d) Repeat the procedures in 2 (a) and (b), but in this case wrap the
calorimeter with a wet cloth just before starting recording the
temperature.

Questions
M Tabulate your results obtained in 2 (b) and (d).

(i) Plot the cooling curves for the results in 2 (b) and (d) on the
same plane of axes.

(iii)  Determine the temperature of water at 7" minute for both
cooling curves.

(iv)  In which of the two settings did water cools faster? Justify
the answer by giving two points.

The analysis of candidates’ performance indicates that 51.09% of the
candidates who scored higher marks (9.0-15.0) in this question had enough
knowledge of performing experiments related to heat. The analysis
indicates that these candidates had sufficient knowledge of Newton’s law
of cooling. Their responses illustrated their skills in setting up, collecting
and presenting data and plotting the graph of the cooling curves on the
same plane axis. Candidates were able to show the necessary features of the
graph that include the title of the graph, the scales, the axes with their
respective units and the best curves.

The analysis further reveals that these candidates correctly determined the
temperature of water after the seventh minute for both cooling curves. They
were also able to provide a scientific explanation for why water in a
colorimeter covered with a wet cloth cools faster than in an uncovered one.
Extract 20.1 presents a sample of correct responses to Question 2 of Paper
3A.
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Extract 20.1: A sample of correct responses to question 2 of paper 3A

In Extract 20.1, the candidate correctly collected the data, plotted the graph
and determined the temperature of water at the seventh minute for both
cooling curves.

On the contrary,15.32% of the candidates scored lower marks (0.0-5.0).
These candidates demonstrated several weaknesses, including: Failure to
follow experimental instructions; failure to measure and record
experimental data; failure to present and analyse the experimental data. For
instance, one candidate presented data as follows: t=20.16s,t=40.63s,t
= 60.71 s, etc. This is an indication that candidates failed to follow
experimental instructions. The candidates were supposed to present the
time in minutes. In addition, a notable weakness observed in most of the
candidates” scripts were the candidates’ inadequate skills in drawing
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cooling curves on the same plane of axis without showing the important
features.

Moreover, candidates failed to write proper scales, wrong transfer of points
from the table of results to the graph and incorrect determination of the
temperature of water at the seventh minute for both cooling curves. They
failed to provide the correct response regarding the setting in which water
cools faster. Most of them provided irrelevant responses. For instance, one
candidate wrote: water cools faster in unwrapped calorimeter for the
reasons that, a piece of wetted cloth acts as an insulator, so it takes much
time for water inside calorimeter to cool than that which is not covered by
the piece of cloth (insulator). This statement has several misconceptions: (i)
assuming a wet cloth purely as an insulator. The candidate was supposed to
know that a dry cloth can reduce heat transfer by acting as an insulator; a
wet cloth does not necessarily have the same effect. The wet close is
expected to enhance evaporation of water, thus increasing the cooling rate.
This is because it absorbs latent heat from the calorimeter and its contents.
Extract 20.2 is a sample of candidates' incorrect responses to this question.
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Extract 20.2: A sample of incorrect responses to question 2 of paper 3A

In Extract 20.2, the candidate collected incorrect data, wrote an incorrect
scale to determine the temperature of water at the 7" minute for cooling
curves and failed to identify which setting cools water faster.
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4.2.2 Physics 3B

The candidates were required to determine the specific heat capacity of a
solid mass using Newton’s law of cooling. They were required to proceed

as follows:

@ Measure and record the mass of the empty calorimeter.

(b) Record the room temperature 65 .

(c) Half-filled the calorimeter with hot water and cover it with lid.
Insert the thermometer through the opening so as to be able to read
the temperature of the water.

(d) Start with temperature of 80 °C while stirring and fanning using
cardboard read and record the temperature, @ of the water after
every 1 minute for ten minutes.

(e) Measure and record the mass of the calorimeter that is half filled
with water then pour it out.

()] Quickly transfer the solid, m of mass, X into the calorimeter and

repeat the procedures 2 (c), (d) and (e) to obtain the cooling
behaviour of the mixture.

Questions

Q) Determine the mass of the water that half-filled the
calorimeter.

(i)  Tabulate the results obtained in 2 (d) and (f).

(iii)  Briefly explain the importance of the procedure (d) in this
experiment.

(iv)  Plot on the same axis the cooling curves for the results
tabulated in 2 (ii).

(v) Using the graph, determine the time at which the difference
in temperature between the two curves is highest.

(vi)  Evaluate the specific heat capacity of the solid, m of mass X
from the equation, XC(6,-6,)=(m.C,—m,C, )AQ.
where;

X Represents the mass of the solid, m
C Represents the specific heat capacity of the solid, m

m_ Represents the mass of empty calorimeter.
C. Represents the specific heat capacity of copper

m,, Represents the mass of water
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C,, Represents the specific heat capacity of water.

0, Represents room temperature.

AO@ Represents the difference in temperature for the time
obtained in 2 (V).

0, Represents the temperature of the mixture at the highest
temperature difference.

The statistical data shows that 84.68% of the candidates who attempted this
paper scored higher marks (9.0-15.0). Those who scored higher marks
demonstrated a comprehensive mastery of experimental skills in Physics.
They showed proficiency in data collection, presentation, and analysis.
Furthermore, they displayed skill in plotting graphs. Using appropriate
scales for both the vertical and horizontal axes, they plotted the cooling
curves on the same axis. In addition, these candidates included all essential
graph features, such as the title (with units), labelled axes, and plotted
points. Besides, most of them correctly determined the time for the highest
temperature for both curves. They demonstrated their mathematical skills
by manipulating the given equation and obtaining the specific heat capacity
of the solid. Extract 21.1 shows a candidate who followed the correct
procedures, recorded the data, plotted the graph, used the graph for
calculations, and ultimately determined the specific heat capacity of the
solid.
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Extract 21.1: A sample of correct responses to question 2 of paper 3B
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In Extract 21.1, the candidate correctly collected the data, plotted the
cooling curves, and determined the time at which the difference in
temperature between the curves is highest. The candidate correctly
determined the specific heat capacity of a solid mass

The analysis further shows that 15.32% of the candidates who attempted
this alternative paper scored 0.0 to 5.0 marks. Candidates who scored lower
(0.0-5.0) marks failed to demonstrate mastery of basic experimental skills
related to the topic of heat. Other candidates collected incorrect data, which
led to incorrect presentation and analysis of their experimental results. For
example, some candidates neglected to include proper units for the
measured experimental variables, while others failed to include important
graph features such as the title (with units), labelled axes (both vertical and
horizontal), and appropriate scales (vertical and horizontal). Additionally,
some candidates did not transfer the data points correctly. Some of the
candidates got lower marks because they failed to transfer data points and
plot both cooling curves on the same axis. This suggests that the candidates
failed to adhere to the experimental procedures.

Some of the candidates failed to manipulate the given mathematical
equation and determine the specific heat capacity of a solid mass.
Moreover, some candidates failed to determine the mass of water. For
instance, one candidate wrote the mass of a half-filled water calorimeter as
the mass of water, instead of taking the mass of the half-filled water
calorimeter minus the mass of the empty calorimeter. Extract 21.2 A
sample of incorrect responses to question 2 of paper 3B.
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Extract 21.2: A sample of incorrect responses to question 2 of paper 3B
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4.2.3

In Extract 21.2, the candidate provided irrelevant responses and failed to
indicate the unit of time in the table of results and plotted one incorrect
cooling curve instead of two curves on the same plane of the axis.

Physics 3C

The candidates were provided with hot water of about 70 °C, a copper
calorimeter and a thermometer. They were required to determine the effect
of the mass of an object on the cooling process. They were required to
proceed as follows:

(@)
(b)
(©)
(d)
(€)

Measure and record the mass of the empty calorimeter.

Half filled the calorimeter with hot water of about 70 °C.

Observe and record the temperature of water at an interval of 2
minutes as water cools from 60°Ct045°C .

Weigh the calorimeter that is half filled with hot water.

Repeat the procedures in 2 (¢ ) and (d) when the ncalorimeter is %

full of hot water.

Questions

() What are the masses of water obtained in 2 (d) and (e)?

(i)  Tabulate the results obtained in 2 (c) and (e).

(iii)  Plot the cooling curves of two setting in the same plane of
axis.

(iv)  From the graph in 2 (iii), determine the ratio between the
time taken to cool half full of water to that of two third full
of water at the following intervals;
60°C —50°C and 60°C —45°C .

(v)  Using the data obtained in 2(c) and(e), determine the
thermal capacities of water.

(vi)  Determine the ratios of thermal capacities obtained in 2 (v).

(vii)  How do the ratios obtained in 2 (iv) and (vi) relate?
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The statistical data shows that (84.68%) of the candidates who attempted
this paper scored higher marks (9.0 — 15.0). Those who scored higher
marks demonstrated a comprehensive mastery of experimental skills in
Physics. These candidates in this category adhere to the experimental
procedures. Thus, they collected and presented data. Furthermore, they
displayed skill in plotting graphs. Using appropriate scales for both the
vertical and horizontal axes, they plotted the cooling curves of the two
settings on the same axis.

Moreover, some of them analysed and interpreted the graphical data by
providing the correct ratio of the time taken to cool half-filled and two-
thirds filled settings. The candidates also correctly determined the thermal
capacities of water. Extract 22.1 is a sample of a candidate's correct
responses to this question.
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Extract 22.1: A sample of correct responses to question 2 of paper 3C

In Extract 22.1, the candidate measured and recorded correctly the values
of temperature and time. The candidate also used the collected data to plot
the correct cooling curves. Candidate demonstrated mathematical skills to
determine the ratio of thermal capacities correctly.

The candidates (15.32%) who attempted this examination paper scored
lower (0.0 — 5.0) marks. This is an indication of a lack of adequate
experimental knowledge and skills on the topic of heat. Some of them
failed to adhere to experimental procedures. Thus, they struggled to obtain
correct data due to improper setup of the experiment and incorrect
measurement observations. Additionally, many were unable to present the
collected data graphically, often making inaccurate transfers of points onto
the graph. Some candidates also lacked the necessary skills to solve
numerical parts of the question, such as the ratio between the time taken to
cool half full and two-thirds full of water, thermal capacities of water and
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the ratio of thermal capacities. Extract 22.2 is a sample of the candidates’
incorrect responses.
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Extract 22.2: A sample of incorrect responses to question 2 of paper 3C

In Extract 22.2, the candidate provided an incorrect table of results.
Moreover, the candidate, plotted incorrect curves showing the cooling rate
of hot water in the calorimeters.

Question 3: Current Electricity

Question 3 in each alternative paper was derived on the topic of current
electricity. The questions aimed to assess the candidates’ ability to
assemble a simple electric circuit using the provided electrical components.
Candidates were then required to use the assembled circuit to collect and
analyse data to determine the value of the required parameters, following
the given experimental instructions.

This question was attempted by 29,604 (100%) candidates. Of these,
18,332 (61.93%) candidates scored from 0.0 to 5.0 marks. 3,182 (10.75%)
scored from 5.5 to 8.5 marks, and 8,086 (27.32%) scored from 9.0 to 15.0
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marks. The data analysis shows that the candidates’ performance was
average, as 11,268 (38.07%) scored from 5.5 to 15.0 marks. Figure 20
summarizes the candidates’ performance on the questions.

61.93

40 +

2732

30 +

[y
(=]
|
1

10.75

—
o
|
T

Percentage of Candidates

=
|

55-85 9-15
Scores

Figure 20: Candidates' performance in question 3 of paper 3

4.3.1 Physics 3A

The candidates were provided with a 2 Q standard resistor, resistance wire
S, galvanometer G, dry cell E (1.5 V, size D), switch K, jockey and
connecting wires. They were required to determine the resistivity of wire, S
through the following procedures.

@ Connect 80 cm of wire S together with 2 Q resistor in series to
make a loop.

(b) Connect wires from the terminals of the dry cell E, at junction B
and junction D, then connect resistance wire S from the junction A
to junction B and complete the circuit as shown in a Diagram 9
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Connegting wires
7N

Connecting wires

Diagram 12

(© Close the switch, K and determine the balancing point C. Read and
record the lengths, L, and L,

(d) Repeat the procedures in 3(b) and (c) for the value of x equal to
20cm, 30cm, 40cm, and 50cm.
Questions:

(1) Tabulate your results including the value of x, L, L,and %

2
(i) Plot a graph of x (cm) against%.
2
(ili)  Determine the slope of the graph
(iv) Measure and record the diameter of the wire, S by using
micro meter screw gauge.
(V) Determine the resistivity of a wire, S using the answer
obtained in 3 (iii) and (iv).

The statistical data shows that only 27.32% of the candidates who
attempted this alternative paper scored higher marks (9.0 to 15.0). These
candidates demonstrated their mastery of experimental knowledge and
skills related to the topic of current electricity. These candidates were able
to connect an electric circuit and collect accurate data. Furthermore, they
plotted the graph that included all the essential features such as: a clear
title, properly labelled axes with appropriate units, correctly chosen scales,
an indicated slope, and a best-fit line. They used a plotted graph and
determined the unknown resistivity of a wire. Their solid mathematical
skills enabled them to perform calculations effectively, contributing to their
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high scores. Extract 23.1 is a sample of a correct response from one of the
candidates who scored high marks in this question.
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Extract 23.1 A sample of correct responses to question 3 of paper 3A

In Extract 23.1, the candidate successfully presented the data in tabular
form and accurately plotted the graph, which was essential for computing
the correct value of the slope. Furthermore, the candidate measured the
diameter of a wire S using a micrometre screw gauge correctly. By utilising
the slope and the diameter of the wire, the candidate was able to determine
the resistivity of wire S.

On the contrary, further analysis reveals that some candidates scored lower
(0.0-5.0) marks on this question, which reflects poor organisation in
performing experimental tasks. Additionally, they failed to apply the
concepts learned in electricity to connect the given circuit components and
to connect a circuit. That is to say, they failed to adhere to experimental
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procedures. As a result, they connected the wrong electric circuit.
Additionally, the majority of these candidates lacked the necessary
measurement skills, as evidenced by their inability to use the micrometre
screw gauge to measure the diameter of wire S accurately. Furthermore,
most of these candidates failed to plot a graph. This was observed in their
graphs, which often lacked essential elements such as a title, appropriate
scale, clearly labelled axes with corresponding units, a best-fit line, and
accurate transfer of data points. In addition, some candidates demonstrated
weak mathematical skills, resulting in the calculation of incorrect slopes.
For example, one candidate used an incorrect formula, which led to an
inaccurate value for the slope. One candidate wrote: “The slope of the

AL
L,

graph is N This was an incorrect expression. As per experimental
X

AX
)
L2

instruction, the slope of the graph is , Instead of writing the formula

X : .
. Extract 23.2 shows the incorrect responses obtained

for slope as
A—L
LZ
from one of the candidates who scored less than 5.0 marks.
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4.3.2

Extract 23.2: A sample of incorrect responses to question 3 of paper 3A

In Extract 23.2, the candidate tabulated incorrect data values, which
resulted in an inaccurate graph. Consequently, the calculated slope was also
incorrect. Furthermore, the candidate used an incorrect value for the
diameter of wire S when determining its resistivity, leading to an erroneous
result.

Physics 3B

The candidates were provided with the coiled wire Rc, a metre bridge
standard resistor Rs of 1 Q, resistance box R, dry cell E, key K, micro
meter screw gauge, jockey J, galvanometer G and connecting wires. They
were required to perform the experiment to determine the resistivity of the
wire according to the following procedures.

@ Connect your circuit as shown in Diagram 10.

189



~
K

Diagram 13

(b) Set R=1Q, close the key, K and determine the balancing point D.
Record the lengths, L and L,

(©) Repeat the procedures in 3(b) by setting R=2Q, 3Q, 4Q, 5Q and 6Q
each time recording lengths, L, L, corresponding to the value of R
used.

Questions

(i) Tabulate your results including the values of R, L, L, andLi.
2

(i) Measure the diameter of the coiled wire and calculate its
cross-sectional area.

(iii) Establish a formula, which relatesL,,L,,R, R andR;.

. L
(iv) Plot the graph of L—l versus R
2

(v) Determine the slope, S of the graph in 3(iv).

(vi) If the length of a coiled wire,R, is 40cm, use the answer

obtained in 3(ii) and (v) to determine the resistivity of the
wire.

Most of the candidates who scored high marks (9.0 — 15.0) had a good
understanding of the concept of the Metre bridge. They were able to
accurately connect the circuit as instructed and effectively use it to collect
data and present them in tabular form. Furthermore, these candidates were
able to plot graphs that included all essential features such as appropriate
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titles, correctly scaled axes with units, and best-fit lines passing through the
origin. In addition, the majority of candidates exhibited good mathematical
skills, as showed by their ability to derive the fundamental equation
governing the experiment. Moreover, many of them accurately measured
the diameter of the wire, which enabled them to calculate its resistivity.
Extract 24.1 provides a sample of a correct response from one of these
candidates to this question.
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Extract 24.1: A sample of correct responses to question 3 of paper 3B

In extract 24.1, the candidate presented accurate data and plotted a correct
graph. Moreover, the candidate correctly calculated the correct value of the
slope from the plotted graph. In addition, the candidate had good
measurement skills, which enabled him/her to precisely measure the
diameter of the wire and subsequently calculate its resistivity.
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On the other hand, further analysis reveals that most of the candidates
(61.93%) scored lower (0.0-5.0) marks on this question. Most of them
failed to perform experimental tasks accordingly. That is to say, they failed
to adhere to experimental procedures. As a result, they connected the wrong
electric circuit. Some of these candidates were able to obtain some correct
experimental data. In addition, several candidates failed to distinguish
between diameter and area. For example, one candidate incorrectly stated
that the value obtained using a micrometre screw gauge represented the
cross-sectional area of the wire. This was incorrect, as a micrometre screw
gauge measures the diameter, not the area. Moreover, it was observed that
most candidates failed to indicate the scale on their graphs. In addition,
some candidates failed to perform unit conversion, particularly in
converting square metres to square millimetres. For instance, one candidate
incorrectly wrote that "1 m? is equivalent to 1,000 mm2" whereas the
correct conversion is 1 m? = 1,000,000 mm?.

Furthermore, some candidates lacked adequate mathematical skills, which
prevented them from deriving the equation governing the experiment.
Some of the candidates applied an incorrect mathematical formula to
determine the resistivity value of a wire. For instance, one candidate wrote:
R R.+R : : . . .

?:%. However, upon manipulating this equation, the candidate

1 2

L
L

2

1 S . .
wrote: — = (R, +1)E’ which is an incorrect expression. The correct

1
Rc +Rq

. L
equation was supposed to be — =(

2

jR. Extract 24.2 provides a

sample of an incorrect response from one of the candidates.
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Extract 24.2: A sample of incorrect responses to question 3 of paper 3B

In Extract 24.2, the candidate presented incorrect data and computed an
inaccurate slope. Furthermore, the candidate failed to calculate the
resistivity of the wire due to a lack of measurement and computational
skills.

Physics 3C

The candidates were provided with a meter bridge with its accessories,
resistance box (1Q-10Q) labelled R, 2 Q standard resistor, galvanometer
labelled G, dry cell soldered both ends labelled E, key K, connecting wires
and hard paper wrapped with wires of resistance 6 Q labelled Re. Referring
to the information provided, they were required to perform the experiment
in order to determine the number of wires that the resistor, Re contains if
each wire has a resistance of 6 Q as follows in Diagram 11.
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(a)

(b)

Rg

v
A
v

L,

N

L,

Diagram 14

Starting with R =10 Q, close the key, K and determine the length, Ly
where by, the galvanometer reads O and hence determine the
corresponding value of length, Lo,

Repeat the procedure ion 3(a) for values of R=5 Q, 3 Q, 2 Q, and 1
Q.

Questions
(i) Prepare a table of results including of values of R,%, Ly, L2

L
and —%
Ll

. . L .

(i) Plot a graph of % against L—Z and determine its slope.
1

(ili)  Develop the relation that governs this experiment.

(iv)  Use your results in 3(ii) and (iii) to determine the number of
wires that the resistor, Re contains if each wire has a resistance
of 6 Q.
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Statistical analysis revealed a wide range of scores. Some candidates scored
between 16.5 and 25 marks, while others scored below 16.5. Those who
achieved higher marks demonstrated a strong understanding of the concepts
related to current electricity. These candidates correctly applied the given
procedures to obtain accurate data, which allowed them to plot neat and
precise graphs. Moreover, they were able to calculate the slope and deduce the
expected value of the resistance of resistor R. Furthermore, they effectively
interpreted their results and performed accurate mathematical manipulations to
find the gradient of the graph and calculate the value of R as required. Extract
25.1 summarises a sample of a candidate’s correct responses to this question.
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Extract 25.1: A sample of correct responses to question 3 of paper 3C

In Extract 25.1, the candidate successfully recorded accurate data in the
table of results and plotted a graph that included all essential features, such
as a title, appropriate scale, labelled axes with corresponding units, and a
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best-fit line. Furthermore, the candidate was able to derive the equation
governing the experiment and determine the number of wires involved.

The candidates who scored low marks (0.0-5.0) demonstrated a lack of
understanding of the experimental knowledge and skills of electricity. They
were unable to meet the requirements of the question, especially in setting
up the experiment and tabulating the results from the collected data. Most
of these candidates failed to plot a correct graph. They omitted key features
such as a title, appropriate scale, and labelled axes with correct units.
Moreover, it was observed that some candidates were unable to derive the
general equation governing the experiment. For example, one candidate

. . 1 L,(1 o
incorrectly wrote the general equation as R :—2(—5J which is incorrect.

1
They were supposed to do the following to get the correct equation which
governs the experiment:
From the balanced bridge equation:

2R R

2+R L,
L,

Thus:

1 (1L 1
R (R )L 2°

In addition, some of these candidates failed to compute the number of wires
because they considered the wires to be arranged in series, while they were
arranged in parallel connection. Extract 25.2 presents a candidate's
incorrect responses to this question.
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Extract 25.2: A sample of incorrect responses to question 3 of paper 3C

In extract 25.2, the candidate recorded incorrect data and subsequently
plotted an inaccurate graph, which resulted in an incorrect calculation of
the slope. In addition, the candidate applied the parallel connection
equation to derive the formula for Re rather than using the balanced bridge
equation and hence, failed to determine the number of wires in the resistor,
where each wire has a resistance of 6 Q.

ANALYSIS OF CANDIDATES’ PERFORMANCE IN EACH TOPIC

The analysis of candidates’ performance across individual topics indicates
that they performed well in 8 out of the 12 topics assessed in the theory
papers. These topics included Environmental Physics (97.03%),
Electromagnetism (80.78%), Heat (75.14%), Fluid Dynamics (72.92%),
Atomic Physics (72.06%), Properties of Matter (71.39%), Electronics
(68.06%), and Vibrations and Waves (62.77%). In these areas, the
candidates demonstrated competence in the subject matter by correctly
analysing the examined concepts.
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However, candidates exhibited average performance in the remaining four
topics: Mechanics (51.90%), Measurement (50.62%), Current Electricity
(43.27%), and Electrostatics (38.67%). This average performance was
primarily attributed to inappropriate explanations, misinterpretation of the
questions, and insufficient knowledge and skills related to the specified
topics.

In Physics Paper 3, the analysis of candidates’ performance in the tested
topics indicates that they had good performance in 2 out of the 3 topics
assessed in the practical papers. These topics included Heat (84.68%) and
Mechanics (77.97%). Good performance in these topics was attributed to
the candidates' adequate knowledge of the subject matter, good practical
and analytical skills in collecting the data, describing and analysing the
concepts to provide a scientific conclusion. Furthermore, candidates had
good drawing skills and were able to follow instructions when assembling
various apparatus associated with the respective experiments in their
responses.

On the other hand, the topic of Current Electricity, with an average score of
38.07%, was among the average-performed areas. This average
performance observed through the responses has been largely due to
candidates’ difficulties in drawing and interpreting practical diagrams and
graphs. Common issues included the omission or improper presentation of
key graph features such as titles, scales, labelled axes, best-fit lines, transfer
of data points, and slope indication. Moreover, many candidates applied
incorrect formulas when solving numerical problems and demonstrated
inadequate computational skills. A summary of candidates’ performance in
each topic is provided in Appendices I and 1.

CONCLUSION AND RECOMMENDATIONS
Conclusion

The analysis revealed that the majority of candidates (97.48%) passed the
examination. These candidates demonstrated a good understanding of the
questions' requirements and possessed adequate knowledge of the subject
matter. They effectively applied a range of skills, including language
proficiency, mathematical ability, practical competence, and drawing skills
to provide accurate and relevant responses. Furthermore, they showed the
ability to interpret diagrams and graphs appropriately, particularly in

questions that required such understanding. In addition, they were able to
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identify and apply the correct formulas and equations in solving
calculation-based questions.

On the contrary, the observation revealed that 2.52 per cent of the
candidates who failed encountered difficulties in providing accurate
responses to certain questions. These candidates demonstrated a limited
understanding of the subject matter, which hindered their ability to explain
key theories, laws, and principles of Physics necessary for analysing related
concepts. Likewise, they exhibited a lack of competence in essential skills,
particularly mathematical and practical skills, which are crucial for solving
calculation-based questions and conducting experiments. Their weaknesses
in these areas significantly contributed to their weak performance. For
instance, candidates who lacked practical skills often drew graphs which
had deficiency of some crucial elements such as titles, appropriate scales,
slope indication, best-fit lines, and properly labelled axes with correct units.
Furthermore, their inability to interpret graphs accurately led to inadequate
responses to questions that required such interpretative skills.

Recommendations

The following must be considered by teachers to improve the performance
of the Physics subject, on the topics which had an average performance:

@ Guide students in discussing the concepts of displacement, velocity,
acceleration, and centripetal force by analysing the motion of an
object being whirled in a horizontal plane using a string. Incorporate
the use of a stopwatch and a chart containing diagrams of bicycles
or vehicles on curved roads to help students determine the
magnitude and direction of motion in circular paths.

(b) Guide students, working in groups, to discuss the changes in
potential energy (PE) and kinetic energy (KE) during simple
harmonic motion (SHM), and to sketch graphs representing these
energy variations with respect to displacement using charts
illustrating energy changes in SHM. Similarly, facilitate their
discussion and derivation of expressions for displacement, velocity,
acceleration, and the period of SHM, using experimental setups
such as a simple pendulum, a loaded spring, water in a U-tube, a
floating loaded test tube, and a stopwatch.
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Organise students into groups to perform experiments aimed at
determining the radius of gyration for various rigid bodies, such as a
rod, disc, lamina, cylinder, and sphere, and to explore their physical
significance. Subsequently, guide students to deduce the expression
for torque through demonstration, using examples such as a hinged
door, and rigid bodies like a disc and a lamina.

Guide students to work in groups to discuss the limits of precision
of various measuring instruments, such as the stopwatch, metre rule,
micrometre screw gauge, and Vernier calliper. Additionally, assist
students in using dimensional analysis to deduce the dimensions of
given physical quantities, supported by charts displaying the
dimensions of corresponding physical quantities. Furthermore, lead
students in brainstorming how to estimate errors in derived physical
quantities using instruments such as the metre rule, stopwatch, and
beam balance.

Guide students in demonstrating the behaviour of alternating current
(AC) as it passes through a resistor, inductor, and capacitor. Assist
them in deducing the expressions for capacitive and inductive
reactance using an AC source, oscilloscope, inductor, capacitor, and
resistor. Subsequently, guide students in applying Kirchhoff’s laws
and conducting experiments to determine the resistivity of a wire
and other electrical properties using the Wheatstone bridge and
metre bridge. This should involve instruments and materials such as
connecting wires, manganin wire, nichrome wire, constantan wire,
sliding wire, galvanometer, resistors, graph paper, and a battery.

Lead students in group discussions to explore the concept of the
electric field and lines of force, using charts that display diagrams
of electric field patterns. Moreover, guide students in demonstrating
and analysing the motion of a charged particle in a uniform electric
field. Subsequently, assist students in calculating the electric field
intensity for symmetrical charge distributions, including a point
charge, a charged sphere, a plane conductor, and a line charge.
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Appendix I: The Candidates’ Performance in Each Topic in Physics 1 & 2 in
ACSEE 2025

2025 EXAMINATION PAPER

Sin.

Topic

Number of Questions
of 35 Percentage or
Above
Remarks

Percentage of Candidates
who Scored an Average

9 | Mechanics 3 51.90 Average
10 | Measurement 1 50.62 Average
11 | Current Electricity 1 43.27 Average
12 | Electrostatics 1 38.67 Average
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Appendix I1: The Candidates’ Performance in Each Topic in Actual Practical
Papers 3A, 3B and 3C in ACSEE 2025
2025 EXAMINATION PAPER

S/n.
of 35
Percentage
or Above

Topic

Remarks

Number of
Questions
Percentage
of
Candidates
who Scored
an Average

3 | Current Electricity 1 38.07 Average
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