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FOREWORD

This Item Response Analysis Report (CIRA) of the Advanced Certificate of
Secondary Education Examination (ACSEE) 2021 for 131 Physics subject intends
to provide feedback to educational stakeholders about the responses given by the
candidates in the examination items. Principally, candidates' responses is an
indicator of the achievement of teaching and learning objectives after two years of
Advanced Secondary Education.

The performance of candidates in Physics was generally good as 93.60 per cent
passed the examination. The analysed data revealed that, the candidates had good
performance on the topics of Fluid Dynamics, Structure and Properties of Matter,
Electronics and Mechanics. Three topics namely Heat, Vibrations and Waves and
Current Electricity were averagely performed. However, the candidates'
performance was weak in the topics of Atomic Physics, Environmental Physics,
Electromagnetism, Measurement and Electrostatics.

The report highlights the factors that contributed to candidates' performance. These
include candidates’ adequate or inadequate knowledge about the concepts tested,
lack of skills for solving numerical problems, failure to describe the terms and
apply proper formula in analysing the concepts, failure to follow the given
instructions to assemble the apparatus when performing experiments and lack of
drawing skills.

It is expected that, suggestions and recommendations provided in this report will
enable policy makers, teachers, students and other education stakeholders to
identify appropriate ways to improve the candidates’ performance in future
examinations administered by the Council.

The Council would like to express its sincere appreciation to examiners,
examination officers and all other staff members who participated in the

preparation of this report.
A

Dr. Charles E. Msonde
EXECUTIVE SECRETARY



1.0

INTRODUCTION

This report presents a detailed analysis of the Candidates’ Item Responses
in 131 Physics Examination for ACSEE 2021. The examination was
comprised of three papers, namely 131/1 Physics 1, 132/2 Physics 2, and
131/3 Physics 3. Physics 1 and Physics 2 were theory papers while Physics
3 was actual practical paper. The examination was set according to the
2010 Physics Syllabus and it intended to measure the competences and
skills achieved by the candidates.

The 131 Physics 1 examination paper comprised ten (10) questions grouped
into sections A and B. Section A had seven (7) short-answer questions each
carrying 10 marks. Section B consisted of three (3) structured essay
questions, each carrying 15 marks. The candidates were required to attempt
all questions in Section A and any two (2) questions from section B.

The 131 Physics paper 2 had six (6) structured essay questions. The
candidates were required to answer any five (5) questions. Each question
carried 20 marks.

The practical part had three alternative papers namely 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 while questions 2
and 3 carried 15 marks each. The candidates were required to answer any
one of the three alternative papers.

A total of 22,390 school candidates sat for the examination. Among them,
20,846 (93.60%) passed the examination, and 1,544 (6.40%) failed. In
2020, the number of school candidates who sat for the Physics examination
was 17,045. Among them, 15,631 (92.25%) passed and 1,414 (7.75%)
failed. This implies that the candidates’ performance in this year has
increased by 1.35 per cent. The following bar chart illustrates the
candidates’ performance in grades for three consecutive years: 2019, 2020
and 2021.
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Figure 1, shows that many candidates attained Grades C, D and E but only
a few candidates attained grades A and B.

The analysis contains brief description of what the candidates were
supposed to do and how they responded to each question. Sample Extracts
of candidates’ responses are inserted to illustrate the cases presented. Also,
graphs and charts are used to analyse the candidates’ performance on every
question. Comments on individual questions have been thoroughly
explained to illustrate the respective cases.

The percentage of performance in each question is divided into three
categories, which are weak performance, ranging from 0 — 34 per cent;
average performance, ranging from 35 — 59 per cent and good performance,
ranging from 60 — 100 per cent. Red, Yellow and Green colours are used to
represent these categories respectively.

Finally, the report draws a conclusion and gives recommendations that may
help to improve candidates' performance in future examinations. It also
provides a summary of the performance in each topic in appendices | and
I



2.0

2.1

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

This section describes the performance of the candidates in each question
in 131/1 Physics 1. It covers the type of questions, topics from which the
questions were constructed, requirements of the questions as well as the
performance of candidates in each question. The candidates’ scores have
been termed as weak, average or good depending on the performance.

The Physics 1 examination paper contained ten (10) questions grouped into
sections A and B. Section A had seven (7) short-answer questions, each
carrying 10 marks. Section B had three (3) structured conceptual questions,
each carrying 15 marks. The candidates were required to answer all
questions in section A and any two (2) from section B.

This paper assessed six (6) topics. Four (4) topics of Measurement,
Mechanics, Heat and Environmental Physics were assessed in section A
while two topics of Current Electricity and Electronics were assessed in
section B. The analysis of each question is as follows:

Question 1: Measurement

This question had two parts: (a) and (b). It was given that, in a simple
pendulum experiment a period of 40 seconds was measured for 20
oscillations when the length of the pendulum was taken to be 100 cm. The
candidates were required to calculate (a) the maximum error in measuring
the acceleration due to gravity g given that the smallest readable units of
stop watch and metre rule were 0.1 seconds and 0.1 cm respectively; and
(b) the percentage error of acceleration due to gravity, g if its actual value

at a particular place is 9.79 m/s’.

A total of 22,366 (99.9%) candidates responded to the question. The
analysis of data indicates that 2,160 (88.8%) scored from O to 3 marks,
1,655 (7.4%) scored from 3.5 to 5.5 marks, and 846 (3.8%) scored from 6
to 10 marks. The performance of candidates in this question was generally
weak since only 2,501 (11.2%) candidates scored from 3.5 to 10 marks.
Figure 1 is the graphical representation of the data analysed.
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Figure 1: The candidates' performance in Question 1 in Paper 1

Candidates who scored low (0 - 3) marks in this question used wrong
approach to estimate errors of derived physical quantities. This happened
because they confused between least count and error. Most of the
candidates failed to interpret the meaning of the term period in order to
determine the actual data to be used in doing analysis. They used 40 s for
20 oscillations instead of 2 s for 1 oscillation when computing the
fractional error and the maximum error in measuring the acceleration due
to gravity. They also used a wrong formula and failed to deduce the
experimental value of acceleration due to gravity. This affected many
candidates as they failed to determine its percentage error provided that the
actual value of acceleration due to gravity at a particular place was given as
9.79 m/s?. Extract 1.1 is a sample of a candidates’ weak response to this
question.
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Extract 1.1: A sample of incorrect responses to Question 1 in Paper 1

In Extract 1.1, the candidate applied the formula T=4n \/I instead of
g

T=2n \/g and he/she wrongly analysed the data to obtain the incorrect

values of maximum and percentage error.

In contrast, few (11.2%) candidates who scored high marks in this question
seemed to have sufficient knowledge of the concept of error analysis. Most
of them knew the meaning of the term period as they applied appropriate
formula and techniques for error computation. They were also conversant
with techniques of estimating errors of derived physical quantities. Extract
1.2 is a sample of candidates’ good responses to this question.
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Extract 1.2: A sample of good responses to Question 1 in Paper 1.

In Extract 1.2, the candidate correctly analysed the given data and applied
the appropriate formula to estimate the error and determine the maximum
and percentage error.

Question 2: Simple Harmonic Motion (S.H.M)

This question comprised two parts, namely (a) and (b). In part (a), the
candidates were required to (i) distinguish between damped oscillations and
un-damped oscillations, and (ii) elaborate three characteristics of simple
harmonic motion (S.H.M). In part (b), the candidates were required to
calculate the periodic time of a body of mass m attached to the lower end
of a spiral spring which caused an extension of 1.5 cm when slightly
displaced and released into vertical oscillations of small amplitude.

The question was attempted by 22,362 candidates corresponding to 99.9
per cent. Among them, 30.7 per cent scored from 0 to 3 of which 7.3 per
cent scored 0 marks; 21.1 per cent scored from 3.5 to 5.5 while 48.2 per
cent scored from 6 to 10 marks. These scores suggest that the performance
in this question was generally good since 69.3 per cent scored from 3.5 to
10 marks. The following bar chart illustrates the data.
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Figure 2: Distribution of candidates' scores in Question 2 in Paper 1

The analysis of the candidates' responses reveals that those who scored
average marks (21.1%) had adequate knowledge about the concepts tested
in part (a). These candidates demonstrated their skills by describing the
concept of damping as used in mechanical oscillations. However, some of
them failed to deduce the damping effect as it help to identify the
characteristics of a body performing S.H.M. Furthermore, 48.2 per cent of
the candidates who scored good marks adhered to the instructions given in
part (b) which provided access to correctly give appropriate numerical
treatment. These candidates were able to recall the relationship between
periodic time, T, extension e, and acceleration due to gravity, g. Moreover,
they managed to describe the concept and applied Hooke's law to determine
the periodic time. Extract 2.1 is a sample of the correct response to this
question.
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Extract 2.1: A sample of good responses in Question 2 in Paper 1

In Extract 2.1, the candidate applied the concepts of S.H.M to give the
correct answers in question 2.

Some of the candidates who scored low marks (30.7%) tried to give a
pictorial transcription of the problem but they got wrong answers. These
candidates failed to recall the appropriate formula that could match the
available parameters since some of the quantities and constants were

ignored. For example, some candidates wrote t:I instead of t= 21t\/f
g g

where t, T, and g meant period, extension and acceleration due to gravity
respectively. They also faced difficulties in providing the distinction
between damped and un-damped oscillations. They had some basic
knowledge of the given terms, but they could not link them thoroughly,
and consequently provided illogical responses. Moreover, having the prior
knowledge of the periodic time as related to length and acceleration due to
gravity, they assumed those terms were the sole conditions for a body to
execute S.H.M. Extract 2.2 shows one of the incorrect responses to this
guestion.
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Extract 2.2: A sample of the incorrect responses to Question 2 in Paper 1

Extract 2.2, shows that the candidate failed to describe energy changes in a
spiral spring, to correctly interpret the characteristics of S.H.M, and
distinguish between damped and un-damped oscillations. He/she also used a
wrong formula instead of Hooke's law to determine the periodic time.

Question 3: Gravitation

Part (a) of this question required the candidates to (i) write the
mathematical expressions of Newton’s laws of universal gravitational field
and gravitational field strength and (ii) use the answers in 3 (a) (i) to show
that the magnitude of the gravitational field at the earth’s surface is given

by % where M, is the mass of the earth, R, is the radius of the earth

e

and G is the gravitational constant. In part (b), they were required to prove

2
that the radius Ro of the orbit of the satellite is given by RO:‘S/GZ/IJ :
T

where R, is the radius of the orbit of the satellite, T is the period of

revolution, G and M, have the same meaning as in 3 (a) (ii).

The data indicate that 22,346 candidates, equivalent to 99.8 per cent,
attempted the question. Among them, 14.9 per cent scored from 0 to 3
marks; 13.1 per cent scored from 3.5 to 5.5 marks; and 72 per cent scored
from 6 to 10 marks. The data are summarized in Figure 3.

15
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Figure 3: The candidates' performance in Question 3 in Paper 1

The statistical data in Figure 3 show that most of the candidates (72 %)
scored above 5.5 marks. This implies that the performance in this question
was generally good.

The candidates who scored good marks (72%) had sufficient knowledge of
the concept of Gravitation. In part (a), some of them managed to formulate
and correctly write an expressions of Newton's law of universal gravitation
and gravitational field strength. In part (b), they demonstrated clear
mathematical skills by showing that the radius of the orbit of the satellite is

2
given by RO:;’:/GMZT :
A

In contrast, 13.1 per cent of the candidates who scored average marks (3.5
- 5.5) managed to attempt part (a) but faced challenge in examining the
forces associated with the satellite when in motion. Extract 3.1 is a sample
of responses from a candidate who scored good marks in this question.
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Extract 3.1: A sample of good responses to Question 3 in Paper 1

Extract 3.1, indicates how the candidate was precise and systematic in
answering all parts of the question, and thus got it right.

Despite the good performance in the question, some of the candidates
(14.9%) scored from O to 3 marks because they provided incorrect
responses to most parts of the question. Most of them applied indistinct

. . . IGM,T?
mathematical treatment to obtain an expression R, =3 2 = — because
T

this conclusion had been provided in the question item. It was also
observed that, some of them expressed linear and angular velocities
interchangeably and thus failed to exactly recall the formula linking
Newton’s law of universal gravitation. They attained the final expression
but mathematical treatments were ambiguous. Extract 3.2 shows an
incorrect response to the question.
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Extract 3.2: A sample of incorrect responses to Question 3 in Paper 1
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2.4

In Extract 3.2, the candidate failed to equate the centripetal force on
satellite and the gravitational force if its orbit described a perfect circle in
order to get the required expression of radius, Ro.

Question 4: Rotation of Rigid Bodies

This question had two parts: (a) and (b). Part (a) required the candidates to
explain (i) how a man jumping from a certain height manage to increase the
number of loops made in air, and (i) why it is advisable to use a wrench
with a long arm to tighten the bolt of a truck wheel. In part (b), the
candidates were required to calculate the moment of inertia if the energy of
484 J was spent in increasing the speed of a fly wheel from 60 rev./min to
360 rev/min.

A total of 22,340 candidates equivalent to 100 per cent attempted this
question. Their scores were as follows: 73.6 per cent scored below 3.5
marks, including 35.8 per cent who scored 0 marks; 12.8 per cent scored
from 3.5 to 5.5; while only 13.6 per cent scored from 6 to 10 marks. These
scores suggest that the candidates’ performance was weak since only 26.4
per cent of them scored from 3.5 to 10 marks. Figure 4 summarizes these
results.
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Figure 4: The candidates' performance in Question 4 in Paper 1

Most (73.6%) of the candidates who had weak performance faced
difficulties in determining the applications of the principle of conservation
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of angular momentum in daily life. For resistance, in part (a), they failed to
deduce how the decrease and increase of the moment of inertia and angular
velocity affects the number of rotation. Similarly, they applied the concept
of linear motion instead of rotation motion when responding to this part of
the question. In part (b), most of them demonstrated poor knowledge of the
application of lever when used as a simple machine. They failed to
understand that, if the lever arm is long, the moment of force or torque
(turning effect of force) increases thus, less force is used to produce a larger
turning effect. Extract 4.1 is a sample of the incorrect responses to the
question.
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Extract 4.1: A sample of weak responses to Question 4 in Paper 1

In Extract 4.1, the candidate provided an incorrect response in part (a).
He/she also used irrelevant concepts to find the power and moment of
inertia in part (b).

Further analysis indicates that 12.8 per cent of the candidates who scored
average marks (3.5 - 5.5) managed to provide the correct responses to part
(@) (1) and (b). Some of them failed to apply the concept of turning effect of
force to explain what should be done to minimize the magnitude of force
applied when using a wrench to tighten the bolt of a truck wheel.
Nevertheless, 13.6 per cent of the candidates who scored good marks
demonstrated clear understanding of the concepts tested in parts (a) and (b).
Extract 4.2 is one of the correct responses to the question.
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Extract 4.2: A sample of good responses to Question 4 in Paper 1

Extract 4.2 shows how the candidate was precise and systematic in
providing the correct responses to part (a) and (b).
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2.5

Question 5: Heat (Thermal Convection and Thermal Conduction)

This question was comprised of two parts, namely (a) and (b). Part (a)
required the candidates to (i) state the law applied when a body is cooling
under forced convection and (ii) write the mathematical expression of the
law stated in 5 (a) (i) and briefly give the physical meaning of each term. In
part (b), the candidates were required to (i) sketch a graph of variation of
temperature of the unlagged rod whose ends are maintained at temperatures
of 100°Cand 20°C versus its length in room temperature below 20°C and
(i) comment on the nature of the graph drawn in 5 (b) (i).

The question was attempted by 22,338 candidates, corresponding to 99.8
per cent. Among them, 23 per cent scored from 0 to 3 marks; 32.6 per cent
scored from 3.5 to 5.5 while 44.4 per cent scored from 6 to 10 marks.
These scores suggest that the performance in this question was generally
good since 77 per cent of them scored from 3.5 to 10 marks. The following
bar chart is illustrative.
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Figure 5: The candidates’ performance in Question 5 in Paper 1

The analysis of the candidates' responses to this question indicates that

most of them had a clear understanding of the concept of Heat specifically

Thermal conduction and Convection. In part (a), they managed to identify

and state Newton’s law of cooling by transcribing what is stated in the law
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and giving its physical meaning. In part (b), some of them labelled the
given temperatures in a respective axis against length and managed to trace
the nature of the graph recalling that unlagged material loses heat sideways.
Extract 5.1 is a sample of good response from a candidate.
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Extract 5.1: A sample of good responses to Question 5 in Paper 1

In Extract 5.1 the candidate identified and wrote the expression

Z—?z—i(@—@s) for Newton’s law of cooling. He/she also correctly

provided a relevant comment on the sketched graph.

Despite the good performance in the question, some candidates presented
incorrect responses to most parts of the question. In part (a), they confused
between Newton’s law of cooling with Stefan’s law. These candidates
demonstrated poor knowledge of the processes of heat transfer and the laws
associated with these methods. They failed to understand that Stefan’s law
applies in the process of heat transfer by radiation and not in forced
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convection. In part (b), some of them sketched a straight line graph instead
of exponential curve. Thus they failed to investigate factors affecting the
rate of cooling. Consequently, they failed to examine how the temperature
gradient varies as the quantity of heat passing in a given time through
successive cross-sections decreases because of heat loss through the sides
of unlagged metal bar. Extract 5.2 shows a sample of the incorrect
responses.
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Extract 5.2: A sample of incorrect responses to Question 5 in Paper 1
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2.6

In extract 5.2, the candidate provided incorrect responses in all parts of the
question.

Question 6: Heat (Thermometry and Thermodynamics)

Part (a) required the candidates to (i) explain two necessary requirements
needed to establish a temperature scale and (ii) identify three limitations of
the first law of thermodynamics. In part (b), the candidates were required to
calculate the quantity of heat transferred to nitrogen in an isobaric heating
such that the gas may perform 2 joules of work.

The question was attempted by 22,361 (99.9%) candidates whose scores
were as follows: 16,296 (72.9%) scored from 0 to 3 marks, 3,501 (15.6%)
scored from 3.5 to 5.5 marks and 2,564 (11.5%) scored from 6 to10 marks.
These scores indicate that the candidates’ performance was weak as only
6,065 (27.1%) candidates scored from 3.5 to 10 marks. Figure 6 presents
these scores.

6.0-10.0 h

Scores
4
il
1
il
il
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Percentage of Candidates

Figure 6: Distribution of the candidates’ scores in Question 6 in Paper 1

Figure 6 shows that a large number of candidates (72.9%) scored from 0 to
3 marks. One of the factors noted to have affected performance in part (a),
was lack of knowledge about the thermometric properties of substance. As
a result, the candidates faced difficulties in identifying the necessary
conditions for establishing a temperature scale. For example in part (a) (i),
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one candidate wrote: 'Constant volume gas thermometer, alcohol
thermometer and platinum thermometer'. These responses are types of
thermometers and not the necessary conditions needed when establishing a
temperature scale. This suggest that he/she had insufficient knowledge
about thermometric properties of substance. Moreover, most of them failed
to correctly specify limitations of the first law of thermodynamics and how
the law correlates with the internal energy of the gas to determine the
quantity of heat. Extract 6.1 is a sample of the incorrect responses.
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Extract 6.1: A sample of incorrect responses to Question 6 in Paper 1
Extract 6.1, shows that the candidate provided incorrect responses to part
(@). In part (b), he/she used the formula for mechanical work (W = F x d)

instead of AQ =AW + A—Wl for internal energy to find the quantity of heat.
7/ p—
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The can

didates with good (27.1%) performance had sufficient knowledge

on the concepts of thermometry and thermodynamic process. Most of them
responded correctly to part (a), and correctly analysed the concept based on

the first
quantity

law of thermodynamics, and deduced the formula to determine the
of heat. Extract 6.2 presents a correct response from a candidate.
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Extract 6.2: A sample of correct responses to Question 6 Paper 1
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2.7

In Extract 6.2, the candidate managed to use the concept of thermometry
and thermodynamic process to provide the correct responses to parts (a)
and (b).

Question 7: Environmental Physics

This question had two parts: (a) and (b). Part (a) required the candidates to
briefly explain the influence of humidity on plant growth. In part (b), they
were required to (i) explain how thermal energy is transmitted in different
layers of the earth and (ii) give evidence to justify that primary and
secondary waves were used to ascertain that the outer core of the earth is in
liquid form.

A total of 22,256 (99.4%) candidates responded to the question and their
performance is illustrated in Figure 7.

Scores
m0O.0-3.0
O3.5-5.5

E36.0-10.0

Figure 7: Distribution of candidates’ scores in Question 7 in Paper 1

Figure 7 shows that only 25.2 per cent of the candidates scored from 6 to
10 marks while 74.8 per cent scored below 6 marks. Thus, the performance
in this question was weak.

Most of the candidates with weak performance (74.8%) failed to retrieve
and summarize correctly the main components of agricultural physics.
Most of them identified sources and types of pollutants in the environment,
contrary to the requirement of the question. As a result, they failed to
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ascertain the influence of aerial environment, specifically humidity, on
plant growth.

In addition, some of them faced challenges in describing how the transfer
of thermal energy and the propagation of seismic waves are influenced by
the characteristics of different layers of the earth. These candidates failed to
understand that thermal energy can be transferred through outer core,
mantle and crust by either conduction, convection or radiation, depending
on the physical properties of these three layers of the earth. The outer core
being in liquid state allows energy to pass through it by convection and
radiation while in the crust layer, energy is transmitted by conduction and
radiation. However, energy is transmitted by convection, radiation and
conduction in mantle due to its plastic properties.

Further analysis through candidates' responses revealed that most of the
candidates in this category lacked knowledge about the properties of
seismic waves, that they can be deflected as they move from one region to
another. However, the unique behaviour of P-waves to travel in solid and
liquid, unlike S-waves, which travel only in solid, provide proof that the
outer core is in liquid form. Extract 7.1 is a sample of the incorrect
responses.

1 [l FnFluess o homdsy  on pled onodk
7 W m‘dﬁlm—m - ’
e moven ed  f tand fr:n ena  plate o
oother  heo © pfled on P plet cpowh -
Sl 1t MOy e e *{Hm'tl-v Vifirm B ome ot b ol
n’/ e OO
duhng e dbny  Slecan aet healid
oo Pen  wulie Hod  ewvieaneliag tBund
e g Pe- '.0\7,4@« o~d Qe UF Thae
Ghinted Loy  cvule 0

"‘1/ harm o ach v bieg
txen pe TR ppp plo en whe  ngaging  im
Ivngadhets S chane

W/ Indasti e
Indufber  ute  cmbee  dandsy  Itedy  opemtn
a~d 1= ot beroo Nnovirie  Fhie

e Plate o crothe.  This  eaulh 4y e
Gt ot o e hriddy 13 plonds

33




bAD | # Primiomg e 5 T 1) e leegilodil
Wt 1 g b )= .
'—(?\ﬁ’ Prrog v ¢ —'—"\\ £
[»] [ =
Bt M deedln, b R g
e  IPgiese  wane .

"Aivvﬁ-euxcpos;\;, Wi o @: o ad o
e T O !

Extract 7.1: A sample of the incorrect responses to Question 7 Paper 1

In Extract 7.2, the candidate provided the incorrect responses to all parts of
the question. He/she attempted to explain factors that affect environment
instead of how high, moderate and low humidity affects plant growth.

On the other hand, few (25.2%) candidates who scored good (6 - 10) marks
had a good understanding of the concepts tested. In part (a), they clearly
explained how plant growth is affected by humidity. In part (b) (i), most of
them were able to identify the layers of the earth, their states and the
methods in which thermal energy could be transferred. However, only few
candidates had good understanding of the characteristics of primary and
secondary waves as they were able to justify that the outer core of the earth
is in liquid form. Extract 7.2 shows correct responses to the question.
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Extract 7.2: A sample of correct responses to Question 7 in Paper 1

Extract 7.2, shows that the candidate provided the correct responses in most
parts of the question.
36



2.8

Question 8: Current Electricity

This question was divided into three parts: (a), (b) and (c). Part (a) required
the candidates to (i) distinguish between an e.m.f of a cell and potential
difference and (ii) draw a circuit diagram to show how the e.m.f E and
potential difference V are related if a cell of e.m.f E and internal resistance
r is supplying a current | across the external resistor R. Part (b) required the
candidates to (i) explain how an increase in length affects the resistivity and
conductivity of a conductor and (ii) sketch the characteristic graph to show
how the current varies with voltage in ohmic conductors. Part (c) required
the candidates to study the circuit diagram in Figure 1 (presented here as
Figure 8) and use it to (i) find the reading of the ammeter A, B and C,
assuming that they have no internal resistance, and (ii) determine the
potential difference between X and Y.

8Q X 10Q
L 1 L I
C
12V T 3V
2Q 8Q 5Q
5
@ v ®
A B
Figure 8

The data indicate that 10,641 candidates, equivalent to 47.5 per cent,
attempted the question. Among them, 64.6 per cent scored from 0 to 5
marks; 25.3 per cent scored from 5.5 to 8.5 marks and 10.1 per cent scored
from 9 to 15 marks. Although most of the candidates (64.6%) scored low
marks (0 - 5), the performance in this question was generally average as
35.4 per cent of them scored 5.5 - 15 marks. Figure 9 graphically presents
these scores.
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Figure 9: The candidates' scores in Question 8 in Paper 1

The candidates with good performance (35.4%) in this question
demonstrated good understanding of the topic of Current electricity. This is
evident in their responses about the concept of electric conduction in metals
in parts (a) and (b). Although, some of them failed to sketch the
characteristic graph showing the variation of current with voltage in ohmic
conductor other candidates clearly explained how an increase in length
affects both resistivity and conductivity of a conductor. In part (c), most of
them managed to study the given circuit diagram and apply Kirchhoff’s
current and voltage laws to determine ammeter readings and the potential
difference between junctions X and Y. Extract 8.1 is a sample of the
candidates’ good responses.
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Extract 8.1: A sample of correct responses to Question 8 Paper 1

In Extract 8.1, the candidate correctly and systematically described the
mechanism of electric conduction in metals and ended with correct
responses in all parts of the question.

In contrast, the candidates who scored low (0 - 5) marks in this question
provided incorrect responses to most parts of the question. Most of them
lacked knowledge about the basic concepts of Current electricity
particularly the mechanism of electric conduction in metals. They failed to
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determine how the variation of length influence the magnitude of resistivity
and conductivity of a conductor. In addition, they sketched an incorrect
characteristic graph showing how current varies with voltage in ohmic
conductors. Furthermore, in part (c), they faced difficulties in analysing
electrical networks as they used Ohm’s law for the given complex circuit
instead of Kirchhoff’s laws. Extract 8.2 is one of the incorrect responses to
the question.

L bl e flo [t glh o aiooDerlor neréme Lp joch
Je e st et g Du,[u’\awza-” D bl Co cler-ers0
Ho v et bl (g arondutor:

[leaisbiSil, X lanph,,

Conehulviky X Vgt

RAl| 8 f Sbnd for Iolivna) resislinCt  bhile Polinlid
el fitrtnle HonD /e vollasge pess [howoh ttondumads—
£4 2 =
-A—‘l” 3?::
\rl /'l"
1 S
— %
2l forA A A
Vo= LoV
2= 38
oo 1~ Vie

1= ‘Q/é —- 1»5,’-),.,—,'04,.{?

fom ANemede £

V- av
- o402
=1 - Y/
1= 3/i0
= O'gAm'pzfe-g,
N Qv
2-280
Fromy ] - v/
g Q/X

_ = OQSAN‘)F-L/‘CJ
S e resDos & Amemelir
C T A = 15Dwopees
& = 08 ADrope—s
C = 095 Arpets,.

42



2.9

Relt | Lo lio bip ofifperte beboein X and ¥
’ [P N7}
- QR -
1= 0O.0oC Apep
e fovem 1= V/E
i V= QR
Xeir V= T (esc)
V= 095 (2%2)
N I XAD
= 95V
Co So Gy Fppe—tnts bobiteo Xan) Y 17
0.5 V.

Extract 8.2: A sample of incorrect responses to Question 8 in Paper 1

In Extract 8.2, the candidate provided the incorrect distinction between
e.m.f of a cell and potential difference. He/she drew an incorrect circuit
diagram showing how these two terms are related and applied a wrong
formula and procedure to find the values of the tested concepts.

Question 9: Electronics (Semiconductor, Diodes and Transistors)

This question was divided into three parts: (a), (b) and (c). Part (a) required
the candidates to (i) give any two differences between intrinsic
semiconductor and extrinsic semiconductor and (ii) describe pn junction
diode characteristics and sketch a graph to show how the current through it
varies with potential difference (p.d) across it. In part (b) the candidates
were required to use a junction-transistor voltage amplifier circuit diagram
in Figure 2 (presented here as Figure 10) to calculate (i) the voltage across
R, and (ii) the magnitude of I; and I, given that R,=100 Q,

V,.=6.0V, h =60 and V,.=0.6 V

Is le
R1 Rz _-:-_
E Ve
Ix —
VBEI

Figure 10
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In part (c), candidates were required to (i) identify two distinguishing
characteristics of semiconductors and (ii) analyse the effect of temperature
in conduction of solids.

A total of 17,287 candidates, corresponding to 77.2 per cent attempted this
question. Their scores were as follows: 43.4 per cent scored below 5.5
marks, including 4.6 per cent who scored O marks; 33.1 per cent scored
from 5.5 to 8.5 marks; while 23.5 per cent scored from 9 to 15 marks.
These scores suggest that the candidates' performance in this question was
average because 56.6 per cent of them scored from 5.5 to 15 marks. Figure
11 is illustrative.
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Figure 11: Distribution of the candidates' scores in Question 9 in Paper 1

The analysis of the candidates' responses in this question shows that 33.1
per cent of the candidates who scored average marks (5.5 - 8.5) had good
understanding of the concepts of Semiconductors, Diodes and Transistors.
In part (a), they managed to recall the working principle of diodes by
describing the concept of biasing in both forward and reverse directions.
They managed explain that, for a diode to be characterized, it should be
observed in terms of how it works. Therefore these candidates recognised
the conditions for its conduction. In part (b), some of them had knowledge
about applications of Kirchhoff’s laws but they failed to identify the input
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and output circuits, and to deduce the required equations to get the correct

answer,

Further analysis shows that 23.5 per cent of the candidates scored good
marks. These candidates had adequate knowledge of semiconductors and
transistors. Most of them were able to interpret transistor characteristics
and apply appropriate methods to find the magnitude of the tested concepts.
Moreover, they managed to examine the characteristics of semiconductors
and analyse the effect of temperature on the electrical conduction in solids.
Extract 9.1 presents a sample of a good responses given by a candidate.
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Extract 9.1: A sample of correct responses to Question 9 in Paper 1

Extract 9.1 indicates that the candidate clearly explained the tested
concepts and applied the correct formula and procedures to determine the
required values in all items.

In contrast, 43.4 per cent of the candidates with weak performance had
insufficient knowledge of the subtopic of Semiconductors, Diodes and
Transistors. The observed difficulties stem from their failure to identify the
distinctions characteristics between intrinsic and extrinsic semiconductors,
and their applications. They also failed to describe p.n junction diode
characteristics. Consequently, they failed to analyse the effect of
temperature in the conduction of solids. In addition, some of them lacked
mathematical skills to answer part (b) on how to interpret the given
junction-transistor voltage amplifier circuit diagram and apply the
48



Kirchhoff’s voltage law to evaluate the tasks. Extract 9.2 presents a sample

of the incorrect responses.
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Extract 9.2: A sample of incorrect responses to Question 9 in Paper 1

In Extract 9.2, the candidate provided incorrect responses in all parts of the
question.

Question 10: Electronics (Op-amp, Logic Gates and
Telecommunication)

This question comprised three parts: (a), (b) and (c). Part (a) required the
candidates to (i) mention three characteristic features of op-amp and (ii)
identify two types of op-amps with the aid of relevant diagrams. Part (b)
required the candidates to (i) determine the output voltage in the circuit
diagram in Figure 3. (presented here as Figure 12)

18 kQ
AW
10 kQ
+4 V——— >
T
-3 VW
12kQ oV

il

Figure 12
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and (ii) study the logic circuit in Figure 4 (presented here as Figure 13) and
then draw its truth table.

ﬂ 1V
A—D)Ql— LD]
v o
B— | ) Q. |

Figure 13

Part (c), required the candidates to (i) give the meaning of bandwidth of a
signal and (ii) determine the bandwidth when an audio signal of 1 kHz is
used to demodulate a carrier frequency of 500 kHz.

The question was attempted by 16,406 candidates, equivalent to 73.3 per
cent. Among them, 23.8 per cent scored from 0 to 5 marks, 25.6 per cent
scored from 5.5 to 8.5 marks; and 50.6 per cent scored from 9 to 15 marks.
Figure 14 summarizes the results.

Scores

EJI
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(=]

N
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Figure 14: Distribution of the candidates' scores in Question 10 in Paper 1
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Figure 14 shows that the performance in this question was generally good
since 76.2 per cent of them passed the question.

Most of the candidates who scored good marks (9 - 15) had sufficient
knowledge of the concepts tested. In part (a), they correctly sketched
diagrams of Op-amp and described its properties. They further managed to
study the given circuit diagrams and identify the basic types of logic gates
and their modes of action, which helped them to draw the correct truth
table.

However, 25.6 per cent of the candidates who scored average marks faced
difficulties in part (c). They lacked knowledge of Amplitude Modulation
(AM) and Frequency Modulation (FM). Consequently, they failed to
determine the sideband frequencies from the given demodulating
frequency, which could help them to obtain the required bandwidth. Extract
10.1 is a sample of the correct responses.
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Extract 10.1: A sample of correct responses to Question 10 in Paper 1

Extract 10.1, shows that the candidate correctly applied the concepts of
electronics to answer all parts of the question.

On the other hand, 23.8 per cent of the candidates scored low marks (0 - 5).
These candidates had insufficient knowledge of Op-amp, Logic Gates and
Telecommunication, especially about describing the properties of basic
logic gates and mode of action of operational amplifier. Most of them

55



failed to analyse the given circuit diagrams. They used incorrect formulas
and procedures to determine the output voltage. They also drew incorrect
truth tables. In part (c), some of them had problems in deducing sideband

frequencies to find the required bandwidth. Extract 10.2 is a sample of the
incorrect responses to the question.
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Extract 10.2: A sample of incorrect responses to Question 10 in Paper 1

In Extract 10.2, the candidate used incorrect concepts, formula and
procedures to answer the question.

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

The 131/2 Physics 2 paper contained six (6) questions set from six topics.
The topics included Fluid Dynamics, Vibrations and Waves, Properties of
Matter, Electrostatics, Electromagnetism, and Atomic Physics. Each
question carried 20 marks. The pass mark for each question was 7 marks
and above. The analysis of each question is as follows:

Question 1: Fluid Dynamics

This question had three parts: (a), (b) and (c). Part (a), required the
candidates to give the meanings of (i) critical velocity, (ii) incompressible
fluid, (iii) streamline flow, and (iv) turbulent flow. In part (b), it was given
that, (i) water flows through a pipe of internal diameter 20 cm at the speed
of 1 m/s, what would be the radius of the nozzle if water is expected to
emerge at the speed of 4 m/s, and (ii) determine the coefficient of viscosity

of the fluid of density 1.47x10%g/m?® if an air bubble of radius 1 cm is
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moving through it at the steady rate of 0.2 cm/s. Part (c) required the
candidates to (i) write Stoke's equation as applied to motion of a body in a
viscous medium and define all symbols used, and (ii) state two conditions
under which Stoke's equation is valid.

The question was attempted by 22,323 candidates, which correspond to
99.7 per cent. The analysis of data reveals that 11.5 per cent of the
candidates scored from 0 to 6.5 marks, including 1.5 per cent who scored 0
marks; 30.8 per cent scored from 7 to 11.5; while 57.7 per cent scored from
12 to 20 marks. Figure 15 provides a summary of the data analysed.
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Figure 15: Percentage of candidates’ performance in Question 1 in Paper 2

Figure 15 shows that the performance in this question was good since 88.5
per cent scored from 7 to 20 marks while only 11.5 per cent scored below 7
marks.

The candidates who scored good marks (88.5%) correctly analysed the
mechanisms for streamline flow, continuity, viscosity and turbulent flow.
In addition, they successfully applied continuity equation to determine the
radius of the nozzle. However, some candidates faced challenges in
providing the physical meaning of the parameters involved in Stoke's
equation, and therefore scored average marks. Extract 11.1 is a sample of a
good response given by a candidate.
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Extract 11.1: A sample of correct responses to Question 1 in Paper 2

Extract 11.1 indicates the candidates' ability to describe and evaluate the
tested concepts.

Among the 11.5 per cent of the candidates who scored 0 - 6.5 marks, 1.5
per cent scored O marks. These candidates lacked knowledge of the topic
Fluid dynamics. Most of them failed to clarify correctly the meaning of the
basic concepts used in this topic, and to analyse the tasks in all parts of the
question. Those who scored low marks (£ 7) failed to apply the law of
mass continuity in part (b), to determine the volume rate of in-flow and out-
flow of water in a pipe and hence the radius of the nozzle. They used
product of radius and velocity instead of area and velocity to express
volume flow rate. Moreover, some of them used the concepts of coefficient
of viscosity and Newton's law of viscosity interchangeably. However, in
part (c), since spherical bodies are thought to be moving in fluids as
portrayed by fluid dynamics, some candidates recommended that a body
should always move in liquid as a sole condition for validity of Stokes'
equation. Extract 11.2 shows a sample of incorrect responses.
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Extract 11.2: A sample of incorrect responses to Question 1 in Paper 2

In Extract 11.2, the candidate provided an incorrect meaning of the terms in

part (a) and applied inappropriate formula in solving the question.
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3.2

Question 2: Vibrations and Waves

Question 2 had three parts namely; (a) ,(b) and (c). Part (a), required the
candidates to (i) clarify four distinctive properties between progressive and
stationary waves based on the nature and its conditions, and (ii) calculate
the fundamental frequency and the speed of the wave of a string 320 cm
long having two adjacent resonances at frequencies of 170 Hz and 204 Hz
respectively. Part (b) required the candidates to (i) identify four methods
used to form interference patterns apart from Young's double slit
experiment and (ii) determine the end correction of the open and closed
pipes of 40 cm and 33 cm long respectively both being of the same
diameters when sounding their first overtone which are in unison. In part
(c), it was given that, in Young's double slit experiment, the distance of the
screen from the two slits is 0.9 m. When light of wavelength

A=75x10"m is allowed to fall on the slits the width of the fringes
obtained on a screen is 2.5 mm. If the wavelength of the incident light is
5.5x10'm; determine the (i) distance between the slits and (ii) width of
the fringes.

A total of 19,671 candidates, equivalent to 87.9 per cent attempted this
question and their scores were as follows: 53.7 per cent scored below 7
marks, including 10.6 per cent who scored 0 marks; 30.6 per cent scored
from 7 to 11.5 and 15.7 per cent scored from 12 to 20 marks. These scores
suggests that the candidates' performance in this question was average as
46.3 per cent of them scored from 7 to 20 marks. Figure 16 is illustrative.

12.0-20.0 —_ 15.7

Scores

=1
<
1

—
=
h
a3
<
[
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Percentage of Candidates

Figure 16: The candidates' performance in Question 2 in Paper 2
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The analysis of the candidates' responses indicate that 30.6 per cent of them
scored average marks. These candidates were able to specify the distinctive
properties of progressive and stationary waves. They also knew that
frequencies of the various harmonics are a whole number multiple of the
fundamental frequency, fo. With this knowledge, they managed to establish
the correct formula for the n harmonic i.e f, =nf, to determine the

fundamental frequency and speed of the wave.

Moreover, 15.7 per cent of the candidates who scored good marks managed
to assess the necessary conditions for interference of light to occur. They
demonstrated their competence by deducing fringe separation between two
consecutive bright fringes and calculate the distance between the slits and
width of the fringes. Extract 12.1 provides an example of the correct
responses.

02 (o).
(i)l

PRoG REsaIVE - INAVE STATIoNARY WA VES .

~ T wowe pokle & meving | ~ e wewe  pepile 5 ng

Mowing  fhak o b B Jfﬂﬁlﬂ‘&}_.

~ b 18 formed e o Sinle ~\F i formed  wifen bws

e pendent  twowe . Thare 1S wowes  wilh egual ampiitude.
0o suptiposiflen o tw) bttty ond weweltng th .
W cwsd ‘ froweling o cppesil  durechion
supRrpose  weh et
C T omplibuts g e 1.y amplkas g tne
wewl js vonstaat ‘;hf.ﬁuuhéul SWelloncny  wowes o et
e wowe  moltons cerntont fred vy TA - Jaceshy

IH s Moximgm  of Sre

anlincds  ond  minimun ot e

Aol : 1‘

~ \Y braespers  ececoy from ~ T dees  act o p
sne PO-'-\\' bo e ofor | Loergy betwewr hso Pﬂfnh
e o Tk mevivg  nodue. Gas b dalfoney

65



‘n\). QW l.: %QO .
ﬂ(w : 1o W2 .. . G ~
{p+ ) f o= 2 o4 Q2 .. . W, B
1
For  equalion ()
(n‘*‘i”_ﬁu 0 Q4. -
1
N4 [ . Qo4 »
Y Y
pul g, - 4R Bz .
o) iy 1FPohz v F= %04 W
fo = 204~ 430 He
H 34 W=
HQ.\’\UZ '\'HL i-\.u\d Qm@(\}'q‘ iﬁgw(\ug CLW [V epv-H
I 3‘*‘“1.
fer  hu hindam eatal  Frguenca (.
//._\
- L
—W
— %, ——
L: A/
2
N - DL,
From
Nz g.,)
N = QE\ but L= 22c0wn- 3:2m:
N - 2 x 3"-&3‘1* 3.2m
N oo 243 en !
HQOUI lia} “Q\G;l"y iJPQQ_;j GJ: [ Wong (4 o4 ?..em}l

66



)

Motpcy

(\teey o o

U e TRt NCR puiied

'©)

)

VD Wegoron '2

Ry KON MAROY

)

A

WPo\ge_

.

Y Loum

“Muonr’

™y €4 e\

N

\'ﬁc L<aY ramn Q, PO <o

wcpe.‘:mor\t

L= N

Gote

D lecathop open  pipe = Ao,

PPN lc‘f\ajt‘\‘\ or clelec) Duplae — - 22 -

O T W el coprve poo”

I few A glpe

2\ o8 e

X A

\Qn*—\)

”Su(i oveayons - 0=

A= A ye)

K2 —

Az 4 (yyey

)

2V — =W

7 4 (A v

20\

s =, S )]

W . TR

\L LA )




Sinca e e

~ = 2V
\\1 YR z\( \-«\—F_,)

\ = 3
God 4\ 2q4ey

t2e 4 be = Qg Y Ge

Ge - bde — \32 — Wo
28 T . \Q om

> =]

< —-Grm_

©F e \vipe 3 v Com.

Unel Coree Vo

2 Loln
O Gty
> D\ shen S grun M fcyeen = OTAMY
WX v\ cng Ho Ay—. UsHS T m
By - L s,
ley ADY be Atrercn  aohwoeon Hhe. £ us
By Ay D
&
A= X
%y
| Az Tee 'Y ogqwm
2 LY O Jy

€\ = 2-7 -)c.\{\.*(‘f\\

Metone e G buean 2RI e AL

27 x 13 X

Extract 12.1: A sample of correct responses to Question 2 in Paper 2

Extract 12.1, shows that the candidate correctly applied the concepts of
vibrations and waves to answer the question.
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However, more than a half (53.7%) of the candidates scored below 7 marks
in this question including 10.6 per cent who scored 0 marks. These
candidates had inadequate knowledge of Vibrations and Waves particularly
on the concepts of wave motion and interference. For example, in part (b),
(i) some of them mentioned Young's double slit experiment though it was
excluded while others mentioned scattering which is used in polarization
and not in interference. Moreover, most of them lacked mathematical skills
as they failed to explore the requirement of the given tasks by using wrong
formula and procedure on computing the data. Extract 12.2 is a sample of
incorrect responses from a candidate.
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Extract 12.2: A sample of incorrect responses to Question 2 in Paper 2

Extract 12.2 shows incorrect responses from a candidate who failed to

describe the concepts. In part (c) he/she applied wrong formula d, = 20,

instead of y = % to find the distance between the slits.

Question 3: Properties of Matter

The question had three parts (a), (b) and (c). Part (a) required the
candidates to (i) use mathematical expressions to distinguish between
Young's modulus of a material and Young's modulus of rigidity, and (ii)
use a sketch graph to explain what happens when steel is stretched

70



gradually by an increasing load until it breaks. In part (b), they were
required to (i) determine the height at which water will rise in a capillary

tube of radius 5x10°m if the angle of contact between water and the
material of the tube is approximately zero and (ii) examine the extent at
which a vertical steel beam of length 4.0 m and cross-section area of

8.0x10°m? supporting a load of 6.0x10*N would be compressed along
its length. Part (c), required the candidates to determine the excess pressure
inside a drop of mercury of radius 0.2 cm if the surface tension of mercury

at room temperature is 4.72 x10"N/m.

A total of 21,864 (97.7%) candidates attempted this question. Among them,
15.6 per cent scored from 0 to 6.5 marks; 25.1 per cent scored from 7 to
11.5; and 59.3 per cent scored from 12 to 20 marks, out of whom 143
(0.7%) candidates scored all 20 marks These scores suggest that the general
performance in this question was good. Figure 17 summarizes these results.
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Figure 17: The candidates' performance in Question 3 in Paper 2

Those who scored good marks (84.4%) correctly analysed the mechanism
of surface tension and elasticity in terms of molecular theory. Moreover,
they had good understanding of the concepts of capillary rise and fall which
enabled them to determine the height at which water will rise in the tube.
For example, those who answered correctly in part (a) managed to
quantitatively describe the terms as instructed. In addition, they
successively associated force with extension by sketching the graph that
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describes different changes through which a loaded material undergoes till
deformation. Extract 13.1 portray these findings.
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Extract 13.1: 4 sample of a candidate’s correct response to Question 3 (a)
in Paper 2

The candidate quantitatively distinguished Young's modulus of a material
from Young's modulus of rigidity. He/she also used Hooke's law to
describe the behaviour of steel when loaded.

The candidates who scored the highest marks in part (b) were able to
qualitatively describe and find out the relation that exist between the radius
of the capillary tube, the height through which a liquid would rise and the
angle of contact. They correctly used the concept of surface tension to
transform all qualitative descriptions into numerical attempts and finally
compute the height. Some of the candidates correctly applied the formula
of Young's modulus by recalling that when material is compressed by a
certain load along its length, there exists an increase in length and thus
extension. In part (c), most of the candidates managed to relate the surface
tension of a mercury drop at room temperature with its radius to find the
excess pressure. Extract 13.2 is a sample of the correct response from a
candidate.
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Extract 13.2: 4 sample of a candidate’s correct response to Question 3 (b)

In Extract 13.2, the candidate correctly applied the appropriate formula and
procedures to determine the height, compression of the steel and the excess
pressure inside a mercury drop.

The candidates who scored low marks (15.6%) had insufficient knowledge
about Properties of matter, specifically surface tension, capillarity and
elasticity. In part (a), some of them used the parameters of fluid dynamics
rather than those in elasticity to distinguish Young's modulus. Other
candidates misinterpreted the question by plotting a graph of force against
mass instead of force against extension. They also failed to show different
regions on the plotted graphs as prescribed in Hooke's law. Moreover, in
part (b), some candidates failed to analyse the concept of surface tension to
determine the height at which water will rise in a capillary tube. They also,
thought that the question in part (b) (ii) was about compression force rather
that a decrease in length of a steel beam when loaded. Extract 13.3 depict a
sample of incorrect response from a candidate.
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Extract 13.3: 4 sample of a candidate’s incorrect response to Question 3

In Extract 13.3, the candidate sketched a wrong graph of force against mass
and applied incorrect formula and procedure in performing calculations.

Question 4: Electrostatics

This question was comprised of three parts: (a), (b) and (c). In part (a), the
candidates were required to (i) state two relations which exist between field
lines and electric fields, and (ii) determine the electric field at the foot of
the perpendicular drawn from B on the side AC of Figure 1 (presented here
as Figure 18) where ABC is a right angled triangle, the right angle being at
B and charges of —246uC, +278uC and +71uC are placed at A, B and C

respectively given that AB=4 cm and BC=3 cm.

A (-246 uC
( u).G

B (+278 |C) C (+711C)

Figure 18
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Part (b) required the candidates to (i) give the meaning of an electric line of
force and (ii) carefully study Figure 2 (presented here as Figure 19) and
then calculate the work done in moving a third charge (Qz) from B to A
along the diagonal of the rectangle.

3m A

Q1=-5x10"°C
2m

Qx=+2x10"°C

B (Q, =3x10°C)

Figure 19

In part (c), the candidates were required to (i) explain what would happen
when two spheres of different capacitances are charged to different
potentials and then joined by a wire and (ii) calculate the capacitance of the
parallel plate capacitor whose plate area of 4 m? is spaced by three layers of
different dielectric materials given its relative permittivity and thicknesses
are 3, 6,9 and 1.0, 3.0 and 0.6 mm respectively.

A total of 16,658 candidates corresponding to 74.4 per cent attempted this
question and their scores were as follows: 93.7 per cent scored from 0 to
6.5 marks; out of whom 31.6 per cent scored 0O marks; 4.9 per cent scored
from 7 to 11.5 marks; and very few (1.4 %) scored from 12 to 20 marks.
Figure 20 portrays these scores.

Scores
m0.0-6.5
O07.0-11.5
@12.0-20.0

Figure 20: Distribution of candidates' scores in Question 4, Paper 2

Figure 20 shows that the general performance of the candidates in this
question was poor since most of them (93.7%) scored 0 to 6.5 marks.
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Those who scored 0 to 6.5 marks had inadequate knowledge about Electric
Field and Electric Potential. Most of them failed to assess the distinctive
features of field lines and electric field as they used these two terms
interchangeably. For example, one candidate provided an incorrect
definition of these terms instead of stating how they relate to each other.
The candidate wrote: Field lines are regions where an electric charge
experience a force while electric fields are electrostatic force per unit
charge at that point. This candidate confused the concepts field lines,
electric field, and electric field strength, E at any point. In addition, some of
the candidates failed to find the net force on a point charge due to other
charges. In part (b), they confused the direction of the electric field by
linking a line of force in both parallel and perpendicular alignment at once
and ended with incorrect results. Consequently, in part (c), they failed to
give the correct responses accordingly. Most of them failed to account for
the sign of charges. They thought that charges could be pulling each other
because they are sharing a common interface. Extract 14.1 illustrates an
incorrect response.
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Extract 14.1: A sample of incorrect responses to Question 4, Paper 2

In Extract 14.1, the candidate provided a wrong definition of line of force
and used an incorrect formula and procedures to find the work done and
capacitance.
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Although majority (93.7%) of the candidates had weak performance in this
question, 1.4 per cent scored good marks (12 - 20). These candidates had
adequate knowledge about the topic of Electrostatics. Most of them were
able to assess the concepts of electric field, electric potential and line of
force. In addition, they correctly analysed the concepts by deducing
expressions to determine the work done in moving the third charge, and
finding the capacitance of a parallel plate capacitor.

Most of the candidates who scored average marks (7 - 11.5) skipped parts
(@) (ii) and (b) (ii) due to poor mathematical skills. They failed to utilize the
formula of electric field at a point charge and electric potential due to a point
charge to organize and analyse the concepts so as to determine the electric
field and the work done as required by these parts of the question. Extract
14.2 is a sample of the good responses.
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Extract 14.2: A sample of the correct responses to Question 4, Paper 2

In Extract 14.2, the candidate correctly explained the tested concepts in part
(@) (i), (b) (i) and analysed the equation used to find the capacitance of

parallel plate capacitor in part (c) (ii).
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3.5

Question 5: Electromagnetism

Part (a) of this question required the candidates to (i) identify four useful
applications of eddy currents and (ii) derive an expression for the
mechanical power P needed to move the loop in terms of the magnetic field
B, the length of the plane L, the constant velocity v and the total resistance
of the loop R if a rectangular loop is partially held in a uniform magnetic
field B which is perpendicular to the plane of the paper as shown in Figure
3 (presented here as Figure 21), given that the loop is moved towards the
right in the plane of the paper and perpendicular to the field with constant
velocity v.

:__X__x__x__i__x_: |
I X X X X X1 5 *
| |
| X X X& X X : L >y
Cxx x| x x4 Y
I X X X X X x: hl
| X X X X X X,
Figure 21

In part (b), the candidates were required to (i) give the meaning of
electromagnetic induction and (ii) mention two methods of producing
induced e.m.f. Part (c) required the candidates to give reason why spark is
produced in the switch of a fan when it is switched off. In part (d), it was
given that a toroid solenoid with air core has an average radius, cross-
section area and number of turns of 15 cm, 18 cm? and 1500 respectively. If
another coil of 600 turns is wound closely to the toroid, the current in the
primary coil is changed from zero to 3A in 0.06 seconds. The candidates
were required to calculate (i) self inductance of the coil and (ii) induced
emf in the second coil.

The question was attempted by 10,196 candidates corresponding to 45.6
per cent. Among them, 78.7 per cent scored from 0 to 6.5, of which 23.3
per cent scored 0 marks; 15.4 per cent scored from 7 to 11.5 marks; while
5.9 per cent scored from 12 to 20 marks. These scores suggest that the
general performance in this question was weak since only 21.3 per cent
scored from 7 to 20 marks. These data are summarized in Figure 22.
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Figure 22: Distribution of candidates' scores in Question 5, Paper 2

Figure 22 reveals that this question was skipped by most candidates since
only 45.6 per cent attempted the question. Among them, 78.7 per cent
scored low marks (0 - 6.5).

The analysis of the candidates' responses shows that those who scored low
marks had inadequate knowledge of magnetic forces and electromagnetic
induction. Most of the candidates in this category failed to derive an
expression for the mechanical power needed to move the loop. Some of
them identified the area where eddy current can be used but failed to
specify its applications as instructed by the question. Moreover, in part (d),
they faced challenges in applying magnetic forces to calculate self-
inductance and investigate factors which determine the induced e.m.f.
Extract 15.1 is a sample of incorrect responses.
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Extract 15.1: A sample of incorrect responses to Question 5, Paper 2

In Extract 15.1, the candidate mentioned the areas where eddy current can
be applied and used an incorrect formula to find the mechanical power and

induced e.m.f.

Despite the general weak performance in the question, 15.4 per cent of the
candidates scored average marks. These candidates demonstrated a good
understanding of the factors which determine the magnetic force on a
current carrying conductor in a magnetic field. They also managed to
identify the useful applications of eddy current. However, some of them
used inappropriate procedures to establish an expression for the mechanical

power.
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In contrast, the candidates who scored good marks (5.9%) were able to
identify methods of producing e.m.f. Most of them provided an appropriate
reason on part (c), that when the switch is put off, there is a sudden break as
a result a large induced e.m.f appears and sparking takes place. In addition,
they retrieved and applied the correct formulas and procedures to determine

the self-inductance and induced e.m.f. Extract 15.2 is a sample of a
candidates' good responses.
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Extract 15.2: A sample of correct responses to Question 5, Paper 2

In Extract 15.2, the candidate provided good responses and correctly
applied the formulas and procedure in performing calculations.
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3.6

Question 6: Atomic Physics

This question had three parts: (a), (b) and (c). Part (a) required the
candidates to briefly explain the meaning of (i) activity (ii) chain reaction
(iii) half-life and (iv) critical mass. Part (b) required the candidates to
determine how many disintegrations per second occur in 1 g of Uranium

(,U?*) of half-life 4.5x10°years when undergoes (a) decay. In part (c),

they were required to (i) calculate the energy released by the fusion of 1 kg
of deuterium and (ii) find out how many days would the station be able to
function if 50% of the energy obtained in (c) (i) was continuously used to
produce 1 MW of electricity given that the mass of deuterium nucleus
,neutron and one isotope of helium are 2.015 u, 3.017 u and 1.009 u
respectively.

A total of 18,701 candidates, equivalent to 83.6 per cent attempted this
question. Among them, 71.3 per cent scored from 0 to 6.5 marks; 24.5 per
cent scored from 7 to 11.5 marks; and 4.2 per cent scored from 12 to 20
marks. These scores imply that the candidates' performance in this question
was weak. Figure 23 summarizes the statistical analysis of this question.

Scores

m0.0-6.5
O7.0-11.5
@12.0-20.0

Figure 23: Distribution of the candidates’ scores on Question 6 in Paper 2

Figure 23 indicates that a large number of candidates (71.3%) scored from
0 to 6.5 marks. One of the factors noted to have affected performance was
inadequate knowledge about Nuclear Physics. Most of these candidates
faced difficulties in explaining the basic terms used in nuclear physics and
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describing the structure of the nucleus. Some of them failed to identify the
criteria for stable and unstable nucleus, determine the energy released and
estimate the number of days at which the station would be able to function.
Extract 16.1 is a sample of the incorrect responses.
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Extract 16.1: A sample of the incorrect responses to Question 6, Paper 2

In Extract 16.1, the candidate provided wrong meaning of the terms and
used an incorrect formulas and procedures to determine the energy
released, number of days, as well as disintegrations per second.

The performance of the candidates who scored average (24.5%) marks was
attributed to their ability to understand the requirement of the question in
parts (a) and (b). These candidates provided the correct meaning of the
terms and identified the relation between activity and the decay constant
(A) of a radioactive substance which enabled them to estimate the number
of disintegrations per second. However, in part (c), they failed to interpret
the mechanism of nuclear reaction to determine the energy released by
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fusion. Consequently, they lost some marks. Only 4.2 per cent of the
candidates scored good marks (12 - 20). These candidates were conversant
with the topic as they correctly analysed the concepts and applied the
appropriate formula to manipulate the tasks in most parts of the question.
Extract 16.2 is a sample of the correct responses to the question.
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Extract 16.2: A sample of good responses to Question 6, Paper 2

Extract 16.2 shows that the candidate was competent in the concept of
nuclear physics since he/she precisely provided the correct responses to

almost all parts of the question.
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4.0

4.1

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

The Physics Paper 3 was comprised of three alternatives of Actual Practical
Papers, namely 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 while question 2 and 3 carried 15 marks each. The
candidates were required to answer all questions. Question 1 was set from
the topic of Mechanics while question 2 and 3 were set from the topics of
Heat and Current Electricity respectively. The analysis of each question is
as follows:

Question 1: Mechanics

4.1.1 131 Physics 3A,3B & 3C

This question was attempted by 22,374 candidates, equivalent to 100 per
cent. Their scores were as follows: 21.8 per cent scored from 0 to 6.5
marks, 31.2 per cent scored from 7 to 11.5 marks and 47 per cent scored
from 12 to 20 marks. Figure 24 portrays the performance of the candidates
in this question.

100
90 4
80 +
70 4
60 -
50 +
40
30 21.8

20 +
0 4

0.0-6.5 70-11.5 12.0-20.0
Scores

(]
—_
]

Percentage of Candidates

Figure 24: Distribution of candidates' scores in Question 1

Figure 24 shows that the general performance of the candidates in this
question was good since 78.2 per cent of the candidates scored 7 to 20
marks.
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4.1.1.1 131/3A Physics 3A

The aim of this experiment was to investigate the variation of length, L of
the thread with the periodic time, T of simple pendulum. The candidates
were required to:

(@) Set up the apparatus as shown in Figure 1 (presented here as Figure
25). Wooden blocks

= 1

Retort stand ——

Thread ————»|
L=100cm

Table

o
Pendulum bob

Figure 25

(b) Displace the pendulum through a small angle then release it so that it
moves to and fro motion with small amplitudes. Measure and record
the time, t for 10 complete oscillations and hence determine its
periodic time T.

(c) Repeat the procedure in 1 (b) for the values of L = 80 cm, 50 cm, 40
cm and 15 cm.

Questions

(i)  Use the dimensional analysis to find the value of n from the equation,
L=kT"; where k is in cms™.

(i) Tabulate the results obtained in 1 (b) and (c) including the value of
T"
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(iii) Use the equation in 1 (i) and the results obtained in (ii) to determine
the value of k graphically.

(iv) Compute the value of C, given that C:% where g is the acceleration

due to gravity.
(v) Determine the deviation of value of C(AC) from the true value.

(vi) Calculate the percentage error in performing this experiment.

Data analysis reveals that, 78.2 per cent of the candidates scored the pass
mark (7 - 20), and among them 31.2 per cent scored average marks. These
candidates had enough skills on how to set the given apparatus and estimate
the angle of displacement to collect the experimental data. They also
managed to tabulate the table of results and plot a graph of L (cm) against
T (sec.). However, they faced difficulties in identifying the nature of the
graph and in making analysis of the entire question.

The candidates who scored good marks (47%) demonstrated good
mathematical skills. These candidates applied the basic concepts of
dimensional analysis and mechanics in attempting the question. Most of
them managed to analyse the data, interpret the plotted graph and evaluate
the concepts tested. Extract 17.1 is a sample of the good responses.
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Extract 17.1: 4 sample of candidate’s good responses to Question 1 in
Paper 3A

In Extract 17.1, the candidate correctly employed the concept of
dimensional analysis and formulas to analyse the tasks. He/she also plotted
the graph based on the obtained data values.
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However, the candidates who scored low marks (21.8%) in this question
did not have enough knowledge on simple pendulum. Most of them
collected wrong data. This was contributed by the failure to make proper
setting of the apparatus, to count the number of oscillations and record time
for the given values of length. They also faced difficulties in applying the
concept of dimensional analysis to find the value of 'n' from the given
relation, L=KT". In actual fact, this value of 'n' played an important role in
the table of values used to plot a graph of L (cm) against (T"). Failure to get
the correct value of 'n' leads to a wrong table of results and the data analysis
including the nature of the graph. Another observed weakness was failure
to follow important steps when plotting a graph. Extract 1.2 is a sample of
incorrect responses.
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Extract 17.2: A sample of candidates' incorrect responses to Question 1 in
Paper 3A

In Extract 17.2, the candidate presented incorrect data values. He/she failed
to apply the concept of dimensional analysis, and consequently obtained
the incorrect value of 'n'. The candidate also failed to write the title of the
graph, label both axes and write a scale used correctly.

4.3.1.1 131/3B Physics 3B

The aim of this experiment was to determine the acceleration due to
gravity, g by simple pendulum. The candidates were required to:
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(@) Set up the apparatus as shown in Figure 1 (presented here as Figure

26).
=

Retort stand —

Bench Pendulum bob

Figure 26

(b) Set the pendulum to oscillate through a small angle and record the
time for 30 complete oscillations, hence determine its periodic time T.

(c) Repeat the procedure in 1 (b) for the values of L = 0.9 m, 0.8 m, 0.7
m, 0.6 m and 0.5 m.

Questions

(i)  Tabulate your results including the value of T2,
(ii) Plot the graph of L against T2.

(iii) Deduce the slope of the graph.

(iv) Determine the acceleration due to gravity, g.

The candidates who scored good marks in this question demonstrated good
skills in performing this experiment. Most of them tabulated the correct
results and followed the required procedure for plotting the graph. They
finally interpreted the graph and applied the correct formula to deduce the
slope and acceleration due to gravity. Extract 18.1 is a sample of good
responses.
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Extract 18.1: A sample of candidates' correct responses to Question 1 in
Paper 3B

In Extract 18.1, the candidate correctly prepared a table of results,
computed the data and got the correct answer. He/she then plotted the best
line on the graph showing the slope indication and used such points to
determine the slope and acceleration due to gravity.

In contrast, the candidates who scored low marks (0 - 6.5) had little
knowledge on practical work specifically on setting and performing simple
pendulum experiment. They faced challenge in recording time for 30
complete oscillations at different values of length, L hence the obtained
values of periodic time, T and T2 were not correct. Consequently, they had
difficulties in transferring the data which had been collected. Some of them
drew the graphs without indicating the axes, title of the graph, slope

107



indication and the scale used, which are very important aspects to consider
when drawing graphs. Extract 18.2 is one of the incorrect responses.
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Extract 18.2: A sample of candidates' incorrect responses to Question 1
in Paper 3B

In Extract 18.2, the candidate recorded the incorrect values of time, t hence
the tabulated data of T2 were not correct. For this reason, he/she failed to
obtain the correct values of slope and acceleration due to gravity.
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4.3.1.2 131/3C Physics 3C

In this question the candidates were provided with a pendulum bob, a
thread, a stop watch, a metre rule, a retort stand and a pair of corks. Then,
they were required to:

(@) Attach a piece of thread of 110 cm long to the pendulum bob. Make a
knot at a distance of about 8 cm from the point of attachment of the
bob. Set up the apparatus as shown in Figure 1 (presented here as

Figure 27).
Corks

L i

Fixed point

Thread —»{ @

Retort stand —»

™
8cm

Q"
\

Pendulum bob

_|

QD

=

D
I

Figure 27

(b) Adjust the length, a = 92 cm from the knot to the fixed point. Set the
bob to oscillate through a small angle and determine time, t for 10
complete oscillations and its periodic time, T.

(c) Repeat the procedure in 1 (b) for values of length, a = 82 cm, 72 cm,
62 cm, 52 cm, 42 cm and 32 cm.

Questions

(i) Tabulate the results including the values of T?.
(i) Plot a graph of T2 against a.
(iii) Use your graph in 1 (ii) to compute the value of the acceleration due
to gravity.
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(iv) Suggest the aim of the experiment.

The candidates who scored good marks in this question had adequate
knowledge of simple pendulum experiment. They managed to study the
diagram and assemble the apparatuses correctly. These candidates also
prepared a table of values used to plot graphs correctly. Moreover, they
were able to interpret the graphs, analyse the data to compute the value of
the acceleration due to gravity and identify the aim of the experiment.
Extract 19.1 presents a sample of the candidates' good responses.
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Extract 19.1: A sample of candidates' good responses to Question 1 in
Paper 3C
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In Extract 19.1, the candidate answered almost all parts of the question

correctly.

Those who scored low marks (0 - 6.5) lacked knowledge of the concept of
mechanics, particularly the knowledge about simple pendulum. The
candidates who failed to set up the experiment correctly obviously failed to
collect and record the data in tabular form. For example, the values of time
recorded by some of the candidates were approximately the same for
different values of length, 'a’, which is practically not correct. In addition,
most of them made common mistakes in indicating the axes, title of the
graph, the scale used and in transferring the data when plotting the graphs.

Extract 19.2 represents a sample of the incorrect responses.
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Extract 19.2: A sample of candidates' weak responses to Question 1 in
Paper 3C

Extract 19.2 shows the responses of a candidate who got low marks in this
question. The candidate collected the incorrect data and transferred it on the
graph paper. Moreover, he/she failed to draw the best line through those
points, to write the title of the graph and label the axes.

4.2  Question 2: Heat

4.2.1 131 Physics 3A,3B & 3C

The question was attempted by 22,373 (100%) candidates, of which 42.9
per cent scored from 0 to 5 marks, 36 per cent scored from 5.5 to 8.5 marks
and 21.1 per cent scored from 9 to 15 marks. This suggests that the
candidates’ performance in this question was average since only 25.8
percent scored from 7.5 to 25.0 marks. Figure 28 presents these data.

114



0.0-5.0 42.9

0] 20 40 60 80 100
Percentage of Candidates

Figure 28: Percentage of candidates' performance in Question 2

Figure 28 indicates that the general performance of the candidates in this
question was generally average since 57.1 per cent of the candidates scored
from 5.5 to 15 marks.

4.3.1.3 131/3A Physics 3A

In this question the candidates were required to determine the specific heat
capacity of a mass, M of a solid provided. The candidates were required to
proceed as follows:

(@)

(b)

(©)

(d)
(€)

Measure and record the mass of a given solid M, an empty
calorimeter, Mc and the room temperature 6.

Half-fill hot water in a calorimeter then observe and record the
temperature of 6°C of the water.

Start with the temperature of 80°C of hot water in the calorimeter
while stirring and fanning after every one minute for about 10
minutes. Record the results.

Record the mass of calorimeter with hot water; hence determine the
mass, Mw of water used.

Repeat the procedures in 2 (c) and (d), but in this case transfer
quickly the mass, M provided to the calorimeter with water when the

temperature is exactly 80°C . Record the results.
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Questions

()  On the same graph, plot the cooling curves for both experiments, then
determine the highest difference in temperature AT between the two
curves by indicating the vertical line showing the upper temperature
T1 and lower temperature To.

(i) Use the equation; M .CAT+M,,C,, AT=MC(T,-6;) to determine the
specific heat capacity, C of the mass provided.

The candidates who scored average marks (36%) had good understanding
of the concept of heat transfer. These candidates were able to apply the
basic skills in setting and carrying out an experiment to determine the
specific heat capacity of the given solid mass, M. Consequently, they
managed to collect the data and plot the cooling curves for both
experiments. However, some of them faced challenges in transferring the
data when plotting the curves on the same graph paper.

Those who scored good marks (21.1%) had adequate knowledge on
performing experiments regarding the rate of heat flow. Most of them
managed to prepare scales, transfer the points, label the axes, and indicate
the vertical line showing the upper temperature T1 and lower temperature
T> on the graphs drawn. Moreover, they were able to find the difference in
temperature AT between the two curves and apply the principle of heat
exchange; M C.,AT +M,C,AT = MC(T,-6;) to determine the

specific heat capacity, C of the solid mass, M. Extract 20.1 is a sample of
the good responses.
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Extract 20.1: A sample of candidates' good responses to Question 2 in
Paper 3A

Extract 20.1, shows that the candidate was systematic in collecting the data,
plotting the graph and doing analysis to determine the difference in
temperature and specific heat capacity of the solid mass, M.

In contrast, 42.9 per cent of the candidates who scored low (0 - 5) marks
did not have enough knowledge and skills for carrying out heat
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experiments. These candidates recorded wrong data, suggesting that they
faced difficulties in using beam balance and thermometer to measure and
record the mass of calorimeter and temperature respectively. For example,
in answering part (d) of the question one candidate wrote Heat lose by solid

= Heat gained by water i.e M,C.A0=M,C, A0 = szMC;CS, expecting to

w
get the mass of water used. This candidate lacked the knowledge of
eliminating the mass of empty calorimeter from the mass of calorimeter
with its contents (hot water) to get the mass of water used. Most of the
candidates misinterpreted the instruction given in part (c) of this question.

They recorded the time after 10°C drop of temperature instead of reading
the temperature drop after every one minute for about 10 minutes starting

from 80°C. Extract 20.2 is a sample of the incorrect responses.
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Extract 20.2: A sample of candidates' incorrect responses to Question 2 in
Paper 3A

In extract 20.2, the candidate tabulated wrong values of temperature

starting from 80°C to 10°C without indicating the time interval. He/she
did a wrong analysis of data and consequently failed to plot the correct
cooling curves on the same graph paper.
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4.3.1.4 131/3B Physics 3B

In this question the candidates were required to compare the rate of cooling
for hot water in a calorimeter when it is about a half-full of water and when
it is about two-thirds through a fixed range of temperature. They were
required to proceed as follows:

(@) Half-fill the calorimeter with water of about 80°C.
(b) Stir the hot water in a calorimeter and fanning constantly, start the

stop watch when the water is exactly 70°C and record the time t; in

seconds after every 5°C drop until it has fallen to 50°C. Weigh the
calorimeter with water, and then determine the mass, my (in grams) of
water used.

(c) Repeat the procedures in 2 (a) and in (b) with the calorimeter about
two-thirds full of water. Record the time t> in seconds then determine
the mass m2 (in grams) of water used.

Questions

(i)  Tabulate your results obtained in 2 (b) and (c).
(i) Record the mass of water obtained in 2 (b) and (c).
(iii) Plot the graph of t; against t; and determine its slope.

(iv) Compare the value of the slope obtained in 2 (ii) and the ratio of m
1

The average performance of the candidates in this question was contributed
by their ability to arrange the given apparatus and analyse heat experiments
under forced convection. These candidates managed to measure accurately
the mass of calorimeter when it is half-full and when it is two third -full of
water. However, some of them had problems with reading stop watch when
recording time after every 5°C drop of temperature as instructed. They
also failed to choose a proper scale when transferring the data on the graph
to draw the best line and determine its slope.

Those who scored higher marks (9 - 15) were knowledgeable about the
topic as they were able to perform the experiment and analyse the data.
Moreover, they made a correct conclusion by making comparison between
the slope of the graph and the ratio of two masses. Extract 21.1 is a sample
of the responses from a candidate who scored good marks.

121



)y LS o S ET

N 6\30\@

Tesots

TEW\P&:E’&W@

t‘ (Sec‘_)

~J

)

(e

When 2 qadl

e /gl

EES

_be O

O

6.5

55

S

&0

L0

L5

N

i8S

205

R ES

35

50

)

A ‘\J\CLS& CSJr C_‘:ﬂm.m@%@r m\}b\ mgﬁ‘@r{M:)

.

GO 9

FNX o o] Owmely @oumﬁeﬂ%‘

ey

~

T o S
' 3

Mass A vater My

P — Mo

qa. 6gy — ¥4 Feg

” ,"[ t!

5

qoq -

M

_5—} CTOq

(f M %O\vé?“t%

[

WA €

Cododitx X ey Lo WX Vﬂ\ﬁ*@r

i

LMY

[ —

f[of o K

lace x ©—ely

C—O&Ou unw}{’ Ve ‘

Moy

-—

\

D420 %

Y

M

— Vo

[ —

o .5 — A& Ho s ¢

™M

X Lo S

~

(0

=

S 2 S X0

™

o FCaph

|

H_XQO @:Q

— DTy

SE,

&m\o o<

=~ (246 —*\2035@&

{ (o

[/n

N

N2
NS

— T S~

-

C\
SIOP©

\‘

20

A
‘_\\OEQ _—

" %G

122



P

L e X S~

G

KO A
Ko

A
—t a.

f—

—

R -Lo a

N

R
v \

‘5_:}“ e A=Y

\ 2

I,

-

oY

)
N

\ -
R Y Ko L\ope oxe

a2 T

Q_q_xxm)‘

Qo \y

Extract 21.1: A sample of candidates' good responses to Question 2 in

Paper 3B

Extract 21.1 shows that the candidate prepared a table of values but failed
to get reasonable values of time. However, he/she plotted a graph and did
an analysis to determine the masses of calorimeter and slope of the graph,

and finally made a correct conclusion.
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On the other hand, the candidates who scored low marks (42.9%) in this
question faced the challenge of reading a stop watch. These candidates
tabulated the results of time which were out of range. It seems they failed
to estimate the starting and the ending time of reading a stop watch after

every 5°C drop of temperature as instructed. Some of them misunderstood
the question as they drew two graphs of temperature against time on the
same graph paper instead of a straight line graph of temperature t> against t;
as instructed in part (iii). Generally, it was noted that, most of the
candidates in this group had inadequate knowledge on conducting and
analysing heat experiments. Extract 21.2 is a sample of incorrect responses.
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Extract 21.2: A sample of candidates' incorrect responses to Question 2 in
Paper 3B

In extract 21.2 the candidate recorded the values of time in minutes instead
of seconds as instructed. He/she further analysed the tested concepts and
ended with wrong results due to incorrect data values.
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4.3.1.5 131/3C Physics 3C

The aim of this experiment was to investigate the rate of heat loss of water
at 70°C. The candidates were required to proceed as follows:

(@) Weigh an empty beaker and record its value.

(b) Pour 150 ml of hot water heated to 85°C in a beaker provided and
weigh the beaker with its contents.

(c) Set up the apparatus as shown in Figure 2 (presented here as Figure
29).

N

le—— Thermometer

l«—— Stirrer

S % N7 S en S {
et el % Hot water
< UL . | le——DBeaker
(g =
S Wooden slab
Figure 29

(d) While stirring gently, record the temperature (6°C) of water for

every two minutes until it falls to 60°C.
Questions

(i) Tabulate your results.
(i)  Plot a graph of temperature (OOC) against time t (minutes).

(iii) Determine the slope of the graph at the temperature of 70°C.
(iv) Compute the rate of heat loss of water at 70°C from the equation:

Qut
m
is the specific heat capacity of water.

= C,td0, where m is the mass of 150 ml of boiled water and Cw

The candidates who scored average marks (5.5 - 8.5) in this question
demonstrated good skills in setting up the apparatus, weighing the mass and
recording the temperature accurately. Furthermore, they managed to
prepare a table of results at a reasonable range and plot a graph of
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temperature (O°C) against time, t (minutes). Some of them transferred the

data on the graph correctly but failed to choose the points to draw the best
curve, and determine the slope and rate of heat loss of water at 70°C.

However, 21.1 per cent of the candidates who scored good marks in this
question were competent in applying mathematical skills to analyse and
evaluate the tested concepts. These candidates considered important aspects
to observe when plotting graphs, which are; the title of the graph with their
units, the vertical and horizontal scales, the vertical and horizontal axes
with their respective S.I units, transfer of points; best line or curve, and
slope indication. Consequently, they applied the correct points from the
graph and correctly used the formula to compute the slope and rate of heat
loss. Extract 22.1 provides an example of the correct responses.
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Extract 22.1: A sample of candidates' good responses to Question 2 in
Paper 3C

Extract 22.1 shows how a candidate managed to measure and record the
masses of empty beaker and water used. He/she also applied the data values
to plot a graph and determine the slope and rate of heat loss.

Although the performance of some candidates in this question was average,
42.9 per cent of them scored low marks (0 - 5) including 0.9 per cent who
scored O marks. These candidates lacked knowledge about retrieving and
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conveying the basic concepts of heat transfer into practical work. Most of
them failed to collect the appropriate data and choose a good scale to
incorporate it on the graph. They also lacked mathematical skills which
could help them analyse the given tasks. For example, one candidate
collected wrong data values and attempted to plot a graph without showing
the actual positions of those points on the graph paper. Extract 22.2
presents a sample of the incorrect responses.

o2 T ABLE oF RPesaLlv -

"

Y= SV Y& ST

g o

Extract 22.2: A sample of candidates’ weak responses to Question 2

Extract 22.2, portrays the responses of a candidate who provided a wrong
table of values, and consequently failed to transfer those values on the

graph and analyse the tasks.
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4.3

Question 3: Current Electricity

4.3.1 131 Physics 3A,3B & 3C

The question was attempted by 22,373 candidates, equivalent to 100 per
cent. The distribution of their scores is shown in Figure 30.

|10 400 "B 05.5-8.5
la, 10.4%
Y

Figure 30: Distribution of candidates' scores in Question 3

Figure 30 shows that 67.6 per cent of the candidates scored from 0 to 5
marks, 10.4 per cent scored from 5.5 to 8.5 marks while 22.0 per cent
scored from 9 to 15 marks.

4.3.1.6 131/3A Physics 3A

The candidates were provided with resistance box, R, wire Q joined with a

coiled wire in an insulator, battery, E, galvanometer, G, a jockey, J, a

switch, S and connecting wires. Then, they were required to proceed as

follows:

@ Connect the circuit as shown in Figure 2 (presented here as Figure
31). Make sure that the length of the wire Q which make a loop is
60 cm.

Coiled wire R

[
|
Figure 31
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(b) Set R =2 Q in the resistance box and close the switch to obtain the
value of length |, and |, .

(© Repeat the procedure in 3 (b) by increasing R by 2 Q each time to
obtain four more readings.

Questions

0] Tabulate the results obtained in 3 (b) and (c) including the value of
L
I,

(i) Plot a graph of R against II—Z :

1

(ili)  What is the physical meaning of the slope of the graph in 3 (ii)?

(iv)  Measure the diameter of the wire Q then calculate its cross-sectional
area.

(V) If the length of the coiled wire is 50 cm, find the resistivity of wire

Q.

The performance in this question was generally weak because more than a
half (67.6%) of the candidates scored below average (< 5.5 mark). Among
them, 2.9 per cent, equivalent to 647 candidates, scored 0 marks. These
candidates lacked knowledge of the concept of current electricity
specifically the metre bridge theory. Because of that they faced challenges
in doing proper setting of the given apparatus and thus ended with incorrect
table of values. Moreover, most of these candidates lacked drawing skills,
hence failed to obtain the correct slope. They also failed to use the
micrometer screw gauge in measuring the diameter of the wire. For this
reason, they obtained an incorrect value of the cross-sectional area and
resistivity of the wire. Extract 23.1 presents a sample of the incorrect
responses.
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Extract 23.1: A sample of candidates' weak responses to Question 3 in
Paper 3A

Extract 23.1 depicts the responses of a candidate who collected wrong data
and performed calculations and resulted into incorrect answers. He/she also
drew an incorrect graph with negative slope, contrary to the requirement of
the question.

A total of 2323 candidates equivalent to 10.4 per cent scored average
marks. These candidates demonstrated good understanding of setting and
conducting meter bridge experiments. Most of them collected appropriate
data values which were correctly used to plot a graph. In addition, they
derived an expression and equated it with the equation of a straight line to
investigate the physical meaning of the slope. However, some of them
skipped parts (iv) and (v) due to poor mathematical skills.
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Those who scored good marks (9 - 15) were competent in applying the
theory of meter bridge into practical work. These candidates followed the
proper procedures of measuring, reading and recording the tabulated table
of results. They also interpreted the graph and correctly analysed the
concepts tested. Extract 23.2 is a sample of the good responses.
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Extract 23.2: A sample of candidates' good responses to Question 3 in
Paper 3A

In extract 23.2, the candidate applied the concept of meter bridge in
deducing an equation to identify the physical meaning of the slope. He/she
finally, obtained the correct values of a cross-sectional area and resistivity
of the wire.

4.3.1.7 131/3B Physics 3B

In this question the candidates were provided with a 2 Q standard resistor,
metre bridge, jokey, wire Y joined with a wire coiled in an insulator, a
switch, crocodile clip, a dry cell, galvanometer and connecting wires. Then,
they were required to proceed as follows:
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@ Connect the coiled wire together with free hanging wire Y. Connect
free hand of coiled wire to the left terminal of the right hand gap of
the metre bridge. Then connect the wire Y with crocodile clip to the
other terminal of the right hand gap as shown in Figure 2 (presented
here as Figure 32).

Coiled wire Crocodlle clip
Figure 32

(b) Measure the length x of the wire Y equal to 10 cm and clip the
crocodile clip at the end of this length. Using 2 Q standard resistor,
find the balancing length, | as measured from the left end and the
equivalent resistance R in the right hand gap.

(©) Increase x by 10 cm each time and obtain four (4) more
corresponding values of | and R.

Questions

Q) Tabulate your results.

(i) Plot a graph of R against Xx.

(iii)  Use the information in 3 (ii) to find the values of 'a' and 'b' from the

. R b
equation x =———.
a a
(iv)  What is the physical meaning of the value of b obtained in 3 (iii)?
(V) Calculate the ratio b and give its physical meaning.
a
(vi)  Give a possible aim of performing this experiment.

The candidates who scored low marks (0 - 5) in this question failed to
apply the necessary skills in setting the circuit components as instructed in
the question. Most of them recorded incorrect data resulting into wrong
table of values. They also failed to establish an equation based on the title

of the graph and compare it with an equation x :g—g in order to identify
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the physical meaning of 'b’, b and calculate its values. For this reason, they
a

had difficulties in analysing and evaluating the concepts. Extract 24.1 is a
sample of the incorrect responses.
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Extract 24.1: A sample of candidates' incorrect responses to Question 3
in Paper 3B
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Extract 24.1 indicates how the candidate analysed the tested concepts and
ended with incorrect answers due to wrong data values.

Despite the weak performance in this question, there were some candidates
(32.4%) who demonstrated good understanding including 10.4 per cent
who scored average marks. These candidates managed to set and perform
the experiment as per the given instruction. Most of them prepared a table
of results and then used it to plot a graph of resistance R (Q) against the
length x (cm) correctly. However, some of them faced challenges in
selecting the suitable points on the best line to find slope. The candidates
who scored good marks (22%) demonstrated competence in mathematical
skills. These candidates applied computational skills to elaborate and solve
equations to identify the physical meaning of the terms. Extract 24.2
illustrates the correct responses.
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Extract 24.2: A sample of candidates' correct responses to Question 3 in
Paper 3B

Extract 24.2 shows that the candidate was precise in presenting, analysing
and evaluating the data values to obtain the correct answers of the tested
concepts.
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4.3.1.8 131/3C Physics 3C

In this question the candidates were provided with dry cells, wire Y,
voltmeter, masking tape, jockey, metre rule, a switch and connecting wires.
Then, they were required to proceed as follows:

@) Connect the circuit as shown in Figure 3 (presented here as Figure
33). Tape a given wire Y on a given metre rule and make sure that

I, =50 cm.
Wire Y Er|y|cells Svi/:g
1
s Masking
[}\'[ ____________ o _________ j ; tape
T \Jockey ) ]-
) Wire Y
Masking tape Metre rule
Figure 33
(b) Measure a length | = 10 cm, close the switch and record the

voltage, V of the voltmeter.
(© Repeat the procedure in 3 (b) for the values of 1= 20 cm, 30 cm,
40 cm and 50 cm.

Questions

Q) Record your readings in a tabular form.

(i) Plot agraph of V against |.

(iii)  Determine the slope from your graph.

(iv)  What does the slope obtained in 3 (iii) represent?

(V) Use the graph to find the length of a given wire when the voltmeter
reading is 2 V.

Most of the candidates who scored low marks (67.6%) in this question
lacked both practical knowledge and computational skills. Apart from
being given the circuit diagram in Figure 33, they failed to connect the
circuit, close the switch, read the voltmeter and record the correct values of
voltage. In this particular case, most of them recorded incorrect values of
voltage. Another challenge observed in their scripts was failure to interpret
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the drawn graphs, make analysis and evaluate the concepts tested. For
example; in part (iii) one candidate wrote: The slope obtained represent the
total current flowing in the wire. Such a candidate failed to recall the circuit

. . E E .

formula, that, at balancing condition; T = T or V= I—I and compare it
0 0

with a straight line equation y = mx + c¢. The slope obtained represent the

. E . . . .
ratio — which shows that, the resistance of a given wire increases

0
uniformly with a length of the wire. Extract 25.1 is a sample of the

incorrect responses.
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Extract 25.1: A sample of candidates' incorrect responses to Question 3
in Paper 3C

In extract 25.1, the candidate failed to adhere the given instruction on part
(b). He/she started recording the voltage at the length, | = 20 cm instead of
I=10 cm and received wrong data values. For this reason the drawn graph
with negative slope was not correct.

146



In contrast, few (10.4%) candidates who scored average marks
demonstrated average skills of recording and tabulating the correct data
values. Most of them were able to plot a graph and used the points at the
slope indication to determine the slope. In addition, 22 per cent of the
candidates who scored good marks (9 - 15) demonstrated good skills in
performing experiments regarding the concept of meter bridge. These
candidates demonstrated their competence and skills by recalling and
employing the theory of meter bridge to formulate a circuit formula. They
further compared such formula with a straight line equation to identify
what the slope of the graph represents. Finally, they managed to analyse the
plotted graph at the value of 2 V to determine the length of the wire.
Extract 25.2 is a sample of the correct responses.
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i

Extract 25.2: A sample of candidates' correct responses to Question 3 in
Paper 3C

Extract 25.2 indicates how the candidate was systematic and precise in
presenting the correct experimental data values. He/she correctly selected
the points from slope indication on the graph to determine the slope and
identify what it represents.
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5.0

ANALYSIS OF CANDIDATES’ PERFORMANCE PER TOPIC

In Physics Paper 1, six (6) topics were tested. These topics included
Measurement, Mechanics, Heat, Environmental Physics, Current Electricity
and Electronics. Similarly, in Physics Paper 2, also six (6) topics were
examined including Fluid Dynamics, Vibrations and Waves, Properties of
Matter, Electrostatics, Electromagnetism and Atomic Physics. In Physics
Paper 3, three (3) topics were tested namely Mechanics, Heat and Current
Electricity.

The statistical analysis reveals that candidates had good performance in four
(4) out of twelve (12) topics that were tested in both Physics Paper 1 and 2.
These topics are Fluid Dynamics (88.5%), Structure and Properties of
Matter (84.4%), Electronics (66.4%) and Mechanics (60.3%). The
candidates had average performance in three (3) topics of Heat (52.1%),
Vibrations and Waves (46.3%) and Current Electricity (35.4%). These
candidates demonstrated adequate knowledge on the subject matter as they
were able to describe and analyse the concepts tested. However, some of
them lacked skills of applying the correct formulas and procedures in
performing calculations.

Further analysis shows that, the candidates had weak performance in five (5)
topics of Atomic Physics (28.7%), Environmental Physics (25.2%),
Electromagnetism (21.3%), Measurement (11.2%) and Electrostatics
(6.3%). In Physics Paper 3 the topics of Mechanics, Heat and Current
Electricity had good, average and weak performance respectively. The
reasons behind weak performance include poor mastery of the subject
matter, especially the tested concepts, misconceptions when presenting the
ideas, lack of analytical skills, failure to describe and analyse the concepts to
draw conclusion, lack of drawing skills and failure to follow the given
instructions for assembling apparatuses and performing experiments. The
summary of the candidates' performance in each topic is shown in
Appendices | and I1.
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6.0

6.1

CONCLUSION AND RECOMMENDATIONS

Conclusion

The analysis of the candidates' performance shows that the general
performance of the candidates in this year has increased by 1.35 per cent
compared to the year 2020. In Physics Papers 1 and 2 the topics of Fluid
Dynamics, Structure and Properties of Matter, Electronics and Mechanics
had good performance. The topics which were averagely performed are
Heat, Vibrations and Waves and Current Electricity. Further analysis
indicated that the candidates' performance was weak in the questions
constructed from the topics of Atomic Physics, Environmental Physics,
Electromagnetism, Measurement and Electrostatics.

The analysis of the candidates' performance in Physics Paper 3 revealed
that, question 1 which was set from the topic of Mechanics had good
performance, question 2 from the topic of Heat had an average performance
while question 3 from the topic of Current Electricity had weak
performance.

One of the reasons behind candidates' weak performance in the mentioned
topics is lack of knowledge of the tested concepts. Some of the candidates
provided inappropriate responses to the questions due to misconceptions in
analysing the concepts. They further, failed to respond correctly to the
questions due to poor mastery of the subject matter.

Another factor which affected most of the candidates is lack of
mathematical skills. These candidates failed to think critically, establish
and apply proper formula when performing calculations. It was also
observed that, some candidates attempted few parts of the questions
wrongly specifically the structured type questions and skipped others.
Failure in describing the concepts as well as the use of incorrect procedures
in attempting the tasks greatly affected many candidates.

Moreover, poor mastery of drawing skills contributed to candidates' weak
performance, especially in Physics Paper 3 of which, question 1, 2 and 3
required the candidates to plot graphs. Most of them ignored the important
aspects to consider when drawing graphs. They also faced difficulties in
specifying the title of the graphs, including their units, the axes with their
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respective S.I units, the scales used, the transfer of points, the best line or
curve and the slope indication which could help them score good marks.
Furthermore, they failed to tabulate the table of results, interpret the plotted
graph and analyse the data to make conclusion.

Recommendations

In order to improve the candidates' performance in Physics Examinations in
the future, teachers are strongly advised to:

(@)

(b)

(©)

(d)

(€)

(f)

9)

(h)

(i)

guide students in their groups to discuss how wind, rainfall,
humidity and air temperature influence plant growth;

assist students in groups to brainstorm the methods of extracting
geothermal energy and identify types of seismic waves and their
characteristics;

provide students with enough tests and examinations so as to
improve their confidence and ability to describe, analyse and
evaluate the tested concepts;

encourage students to put more effort on reading text and reference
books in order to improve their knowledge about concepts, theories,
laws and formula in performing calculations;

assist students to be critical when reading the questions. This could
help them organise the concepts before attempting it;

use participatory methods to guide students to conduct experiments
to test different concepts of Mechanics, Heat and Current
Electricity on time as stipulated in Physics Syllabus;

demonstrate to students how to assemble the apparatuses, perform
an experiment, tabulate the table of results, analyse the data and the
technique used in plotting the proper graphs;

guide students to discuss the structure of the magnetic field for a
long straight conductor, a circular coil and a solenoid;

help students to perform an experiment to identify the relationship
between magnetic force and magnetic flux, current and length of a
conductor;
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(k)

lead students in groups to discuss and identify criteria for stable and
unstable nucleus; and

assist students acquire drawing skills by providing them with more
assignments during practical sessions.
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Appendix |

THE CANDIDATES’ PERFORMANCE IN EACH TOPIC INPHYSICS1 & 2 IN

THE YEAR 2021

S/n.

Topic

2021 EXAMINATION PAPER

Number of questions
Percentage of
Candidates Who

Scored an Average of

35 Percentage or

Above

Remarks

153

5 | Heat 2 52.1 Average
6 | Vibrations and Waves 1 46.3 Average
7 | Current Electricity 1 35.4 Average
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Appendix 11

THE CANDIDATES’ PERFORMANCE IN EACH TOPIC IN PHYSICS
PAPER 3 (Actual Practical Paper 3A, 3B & 3C) IN THE YEAR 2021

S/N

Heat

Topic

Percentage of
Candidates Who
Scored an Average
of 35 Percentage or
Above

Question
Number

2 57.1

Remarks

Average

Percentage of Performance

100 -

Mechanics Heat

78.2

Topics

Curent Electricity

(i)
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