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FOREWORD 

 

The candidates' item response analysis report for the Advanced Certificate of 

Secondary Education Examination (ACSEE) 2019 on the Physics subject provides 

a summative evaluation of the two years of secondary education in Tanzania. The 

candidates' responses to the examination questions reveal what the education 

system was able or unable to offer to the candidates in their two years of secondary 

education. 

 

The analysis presented in this report intends to contribute towards understanding 

possible reasons behind the candidates' performance on the Physics subject. It 

highlights the factors that made the candidates to score either high or low. The 

challenges faced by the candidates to perform averagely are also clearly stipulated. 

Such factors include misconception of ideas, failure to understand the demands of 

the questions, lack of mathematical skills hence failure to analyse the data in a 

good manner, and inadequate knowledge of the concepts related to the subject 

matter.  

 

This feedback will enable educational stakeholders, teachers, parents, school 

managers and students to identify proper measures to improve candidates' 

performance in future examinations administered by the Council. 

 

Finally, the Council would like to thank the examiners, co-ordinators, reviewers, 

IT specialists and data analysts who prepared and analysed the data used in this 

report. 

 

 

 

                     
Dr. Charles E. Msonde 

EXECUTIVE SECRETARY 
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1.0 INTRODUCTION 

This report is based on the analysis of candidates' responses to the 

Advanced Certificate of Secondary Education Examination (ACSEE) 2019 

questions for 131 Physics papers 1 and 2. The papers were organized in 

order to test the candidates' competencies and skills in different areas as 

stipulated in the 2010 Physics syllabus and adhered to in the 2011 

examination format. 

 

Physics paper 1 was comprised of fourteen (14) questions which were 

categorized into three sections, namely A, B and C. Section A was 

comprised of six (6) questions and section B and C had four questions each. 

The candidates were required to answer a total of ten (10) questions by 

choosing four (4) questions from section A and three (3) questions from 

each sections in B and C.  

 

Physics paper 2 had three sections namely A, B and C. Each section 

comprised of three (3) questions making a total of nine (9) questions. 

Candidates were required to answer five (5) questions by choosing at least 

one (1) question from each section. Generally, all questions in both papers 

aimed at testing the candidates' ability to comprehend, interpret and analyse 

the data based on the demand of the questions. 

 

A total of 18,906 candidates sat for the examination, of which 16,768 

(89.13%) passed the examination and 2,138 (10.87%) failed. In 2018, the 

number of candidates who sat for Physics examination was 19,547 of 

which 86.48 percent passed the examination and 13.52 percent failed. This 

implies that the candidates' performance in this year has increased by 2.65 

percent. The following table shows the grade performance in Physics in 

2019 as compared to 2018. 

 

         

 

    YEAR 

       

2019 50 683 2,771 5,496 5,920 1,848 2,044 

2018 70 821 2,658 5,159 5,872 2,225 2,628 

 

The table shows that, although the general performance in 2019 is better 

than in 2018, the candidates who scored grade A were more in 2018 than in 

2019. 

F A B C D E S 
GRADE 
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This report, therefore, intends to provide a detailed analysis based on the 

candidates' performance in each item. A brief note on what the candidates 

were required to do and the reasons for their performance are provided. 

Different extracts representing samples of the candidates' responses have 

been inserted to show clearly what the candidates did. Graphs and charts 

are also used to summarize the candidates' performance in a particular 

question.  

 

Nevertheless, the percentage of performance in each question is categorized 

into three levels of performance based on the scores. The good, average and 

weak performance categories are in the ranges of 60 – 100, 35 – 59 and      

0 – 34 respectively. For easy presentation in the charts, green, yellow and 

red colours are used to present these categories respectively. The report 

also indicates the candidates' performance in each topic and in grades as 

compared to the year 2018 (see appendices A, B and C). Finally, it provides 

a conclusion and gives recommendations that may help to improve 

candidates' performance in future examinations. 

 

2.0 ANALYSIS OF THE CANDIDATES' PERFORMANCE ON EACH 

QUESTION 

 

2.1 131/1 PHYSICS 1 

This paper had short answer questions constructed from six topics as 

described in the analysis part. Each question carried 10 marks. The 

candidates' performance was considered as weak, average and good if the 

score ranges from 0 to 3, 3.5 to 5.5 and 6 to 10 marks respectively. The 

pass score for each question was taken from 3.5 and above. Therefore, the 

analysis of the candidates’ performance on each question is as follows: 

2.1.1 Question 1: Measurement 

This question had parts (a) and (b). Part (a) required the candidates to (i) 

identify two basic rules of dimensional analysis and (ii) use the method of 

dimensions to derive the formula which relates the frequency of vibration, 

n , tension, T , length, l and mass per unit length m given that, the 

frequency of vibration of a stretched string is a function of its tension, the 

length and mass per unit length. Part (b) required them to (i) state four 

causes of systematic errors in an experiment and (ii) estimate the numerical 
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value of drag force 2AVC
2

1
D  and its associated error if the 

measurements of the quantities V and  A, ,C  were recorded as  00.010  

unit less,  2.05  cm
2
  15.015  g/cm

3
 and  5.03  cm/sec

2 
respectively. 

 

A total of 18,498 candidates (97.8%) attempted this question. Analysis of 

the performance of the candidates revealed that 48.6 percent of them scored 

good marks, ranging from 6 to 10; 37.5 percent scored from 3.5 to 5.5; 

while 13.9 percent scored from 0 to 3 marks. These data are presented in 

Figure 1. 

 
 
 

The candidates with good performance (6 - 10 marks) provided the correct 

responses to most parts of the question. They mentioned correctly the rules 

of dimensional analysis and applied it well to obtain the formula 
m

F

l

k
n   

which relates the frequency of vibration n , tension T , length l and mass 

per unit length m of the stretched string. Furthermore, they were aware of 

the sources of systematic errors as they wrote the required responses which 

included incorrect design or calibration of the instrument, lack of accuracy 

of the formula being used, incorrect interpretation of the scale of the 

instrument and limitations of the method used for measurement. Apart from 

that, they had adequate understanding of the symbols used to represent 

errors as they were able to identify the measured value and its associated 

error in each measurement hence determined the value of drag force 

Figure 1: The candidates' performance on question 1 



4 

  210230.1375.3 D N correctly. Extract 1.1 shows one of the correct 

responses noted in this question from one of the candidates. 

 

 
 

 

 

 



5 
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Extract 1.1 is a correct response given by a candidate. 

 

Extract 1.1 indicates how the candidate had adequate knowledge of 

dimensions and errors hence managed to describe the method of 

dimensional analysis and derive the relationship between physical 

quantities. 

 

In contrast, the candidates who had weak performance lacked knowledge of 

basic rules, dimensional analysis, and errors in measurement. Most of them 

failed to retrieve the sources of systematic errors. As a result, they 

mentioned sources of other types of errors like random and gross errors. 

Extract 1.2 is a sample of the responses given by the candidates with poor 

performance on this question. 
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Extract 1.2, is a sample of poor responses given by the candidate. 

 

In extract 1.2 the candidate demonstrated poor performance due to lack of 

knowledge of dimension, errors as well as differentiation. 
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2.1.2 Question 2: Newton’s Laws of Motion  

This question contained two parts: (a) and (b). In part (a), the candidates 

were required to calculate (i) the minimum rate of fuel consumption that 

enables the rocket to rise from the ground when a rocket of mass 20 kg has 

180 kg of fuel and 1.6 km/sec exhaust velocity of the fuel and (ii) the 

ultimate vertical speed gained by the rocket when the rate of fuel 

consumption is 2 kg/sec. In part (b), they were required to (i) determine the 

least number of pieces required to stop the bullet if a rifle bullet loses 
20

1
of 

its velocity when passing through them and (ii) calculate the average force 

the water exert on the man of 100 kg who jumps into a swimming pool 

from a height of 5 m if it takes 0.4 seconds for the water in the pool to 

reduce its velocity to zero. 

 

Data analysis reveals that 25.7 percent of the candidates attempted this 

question. Among them, 72.1 percent scored marks ranging from 0 to 3; 

19.4 percent scored from 3.5 to 5.5 marks; and 8.5 percent scored from 6 to 

10 marks. These scores imply that the candidates' performance in this 

question was weak because only 27.9 percent of the candidates scored from 

3.5 to 10 marks as summarized in Figure 2. 

 

 
 

 

Figure 2 shows that, few candidates (25.7%) attempted this question, of 

which 26.4 percent scored zero. One of the factors noted to affect 

performance was the lack of adequate knowledge about rocket propulsion. 

Figure 2: The candidates' performance on question 2 
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Most of the candidates failed to realize that the rate of rocket fuel 

consumption is minimum when the upward acceleration of the rocket is 

zero. Since the up thrust overcomes the weight of the rocket, then the 

rocket will move with uniform velocity. This concept could give them an 

expression mg
dt

dm
v   from which the rate of fuel consumption 

dt

dm
 would 

have been calculated. Similarly, in part (a) (ii), most of them failed to recall 

the formula to determine the ultimate vertical velocity of the rocket which 

is given by gt
m

m
vV o

e  log . Another factor was the failure to understand 

that, in order to obtain the correct answer in part (b) they were required to 

be aware of the applications of Newton’s laws of motion. Extract 2.1 shows 

responses of one of the candidates who demonstrated poor performance on 

this question. 
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Extract 2.1 is a sample of poor response given by the candidate. 

 

In extract 2.1 the candidate used inappropriate procedures and formulae in 

the presented calculations as he/she failed to determine reaction forces and 

describe the application of Newton's laws of motion in daily life. 

 

In spite of the weak performance by the majority of the candidates who 

attempted this question, few candidates managed to provide the correct 

responses to some parts of the question. For instance, in part (b) (i) which 

was skipped by most candidates, some of them deduced that, when the 

bullet penetrates through the first piece of thickness S, its velocity ov  which 

decreases by 
20

1
 becomes ooo vvvv

20

19

20

1
 . Then from Newton’s 
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third equation of motion aSvv o 2
20

19 2

2

0 







 giving the value of thickness 

2

0
800

39
v

a
S  . Again, if n  is the number of pieces required to stop the 

bullet after it has passed the first piece,  nSavo o 2
20

19
2

2 







  giving the 

value of 2

0
800

361
v

aS
n  . Replacing S  in the latter equation gives 25.9n . 

Thus, the total number of the pieces including the first piece is 

25.10125.91 n . Since pieces exist as whole numbers,  11n pieces. 

Extract 2.2 presents the response by one of the candidates who responded 

correctly in this question. 
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Extract 2.2 shows a sample of a good answer provided by a candidate. 

 

In extract 2.2 the candidate understood the demand of the question as 

he/she competently applied Newton’s laws of motion to solve the 

problems. 

 

2.1.3 Question 3: Projectile Motion 

This question was divided into two parts: (a) and (b). In part (a), the 

candidates were required to (i) justify the statement that the projectile 

motion is a two dimensional motion and (ii) calculate the horizontal 

distance covered after the half time of flight when a rocket was launched 

with a velocity of 50 m/s from the surface of the moon (acceleration due to 

gravity 1.67 m/s
2
) at an angle of 40

o
 to the horizontal. In part (b), they were 

required to (i) show that the angle of projection o  for a projectile 

launched from the origin is given by 







 

R

hm4
tan 10 where R stand for 

horizontal range and mh  is the maximum vertical height and (ii) determine 
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the angle of projection for which the horizontal range of a projectile is 34  

times its maximum height. 

 

About eighty nine (88.8) percent of the candidates opted for this question. 

Among them, 12.1 percent scored from 0 to 3; 21.2 percent scored from 3.5 

to 5.5 marks; and 66.7 percent scored from 6 to 10 marks. Therefore, the 

general performance on this question was good because 87.9 percent of the 

candidates scored from 3.5 to 10 marks. This implies that most of them had 

good understanding of the concept of projectile motion hence they adhered 

correctly to the demand of each part of the question. Extract 3.1 presents 

one of the good responses to this question. 
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Extract 3.1: A sample of good response given by a candidate. 

 

In extract 3.1 the candidate correctly and systematically presented the 

answers for each part. This indicates that he/she had a good understanding 

of the concepts and formulae of projectile motion. 
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On the other hand, candidates who scored low marks in this question 

presented incorrect responses to most parts of the question. For example, in 

part (a) (i), most of them failed to give the reason behind the given 

statement whereas in (a) (ii), they failed to retrieve proper formulae for 

horizontal range and maximum height. Moreover, some candidates used the 

acceleration of the earth due to gravity instead of that of the moon in 

calculating the horizontal distance covered by the rocket launched in the 

moon. This indicates that they did not read carefully the instructions and 

the constants given on the front page of the examination paper, where the 

acceleration of free fall on the moon was given. In part (b), most of them 

failed to derive the formula 







 

R

hm4
tan 10  as applied in projectile 

motion indicating that they lacked content knowledge about the formula of 

range and maximum height of a projectile. Extract 3.2 is a sample of poor 

responses to this question. 
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Extract 3.2 indicates inappropriate responses provided by a candidate. 

 

In extract 3.2 the candidate used incorrect formulae and procedures in 

calculating the horizontal distance and maximum height hence received 

wrong responses. 

2.1.4 Question 4: Simple Harmonic Motion 

This question was comprised of parts (a) and (b). Part (a) required the 

candidates to: (i) provide two typical examples of simple harmonic motion 

(S.H.M) and (ii) explain why velocity and acceleration of a body executing 
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S.H.M are out of phase. Part (b) required them to (i) calculate the time 

taken by a particle to move a distance of 12.5 cm on either side from the 

mean position given that the period of a particle executing simple harmonic 

motion (S.H.M) is 3 seconds and its amplitude is 25 cm and (ii) find the 

minimum weight of a person as recorded by a machine of the platform 

given that the person weighing 50 kg stood on a platform which oscillates 

with a frequency of 2 Hz and amplitude of 0.05 m. 

 

The number of candidates who opted for this question was 14927, 

equivalent to 79.0 percent. Their performance was as follows: 45 percent 

scored from 0 to 3 (including 5.9% who scored 0 marks); 32.1 percent 

scored from 3.5 to 5.5 marks; while 22.9 percent scored from 6 to 10 

marks. The candidates' performance on this question is presented in   

Figure 3. 
 

 
 

 

The candidates who performed well in this question managed to state 

correctly the two typical examples of simple harmonic motion, which 

include oscillations of a loaded spring, oscillations of a liquid in a U- tube 

and oscillations of a floating cylinder and motion of a body dropped in a 

tunnel along earth’s diameter. Also they managed to give the fact that 

velocity and acceleration of a body executing S.H.M are out of phase 

because in S.H.M acceleration is always directed towards the centre. 

Hence, it is maximum at the extremes where the velocity is zero and 

minimum at the equilibrium where the velocity is maximum. Moreover, 

most of them attempted well in part (b) (i) but missed some required steps 

in solving part (b) (ii) as they failed to identify that for a body of mass M, 

placed on a platform which executes vertical S.H.M at angular speed w, its 

weight W is given by 2AwMgW  where g stands for acceleration due 

Figure 3: The candidates' performance on question 4 
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to gravity. Hence, they could not deduce the formula for minimum weight 

given that 2

m AwMgW  . Extract 4.1 presents the sample of a response 

from one of the candidates who managed to provide required answers to 

each part of this question. 
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Extract 4.1 is a sample of the correct response given by a candidate. 

 

In extract 4.1 the candidate managed to describe Simple Harmonic Motion 

and applied the required formulae and procedures to deduce the period, 

acceleration, weight and net force. 

 

Most of those who scored low marks (0 - 3) could not describe properly the 

typical examples of S.H.M and give the reason behind the acceleration and 

velocity of a body executing S.H.M being out of phase. They were also not 

aware of the appropriate formula for calculating the required quantities. For 

example in part (b) (i), they did not use the formula 
T

πt
y

2
Asin  to 

calculate the time taken by the particle to move a given distance in either 

side from the mean position. Instead, they used other formulae related to 

the circular motion. Extract 4.2 shows a poor response from a candidate 

who supplied incorrect answers to the question. 
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Extract 4.2: A sample of poor responses provided by a candidate. 

 

In extract 4.2 the candidate partially described the typical examples of 

S.H.M, provided an incorrect reason to part (a) (ii), and applied incorrect 

formula in doing calculations. 

2.1.5 Question 5: Circular Motion 

This question consisted of two parts, titled (a) and (b). Part (a), required the 

candidates to (i) explain the aspect in which circular motion differs from 

linear motion and (ii) give reason why there must be a force acting on a 

particle moving with uniform speed in a circular path. In part (b) (i), they 

were required to calculate the average velocity of a particle moving in a 

semi-circular path AB of radius 6 m with a constant speed of 12 m/s. Part 
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(b) (ii) required the candidates to determine the magnitude of acceleration 

of a stone tied to the end of a string of 80 cm long then whirled in a 

horizontal circle with a constant speed, making 25 revolutions in 14 

seconds. 

 

A total of 9533 (50.4%) candidates attempted this question. Among them, 

35.1 percent of them scored from 0 to 3; 48.4 percent scored from 3.5 to 

5.5; and 16.5 percent scored from 6 to 10. These scores indicate that the 

performance on this question was good since 64.9 percent of the candidates 

scored from 3.5 to 10. Figure 4 illustrates the given information. 

 
 

The analysis of the candidates' responses in this question revealed that most 

of them had a good understanding of the concept of circular motion. In part 

(a) (i), they stated correctly that circular motion differs from linear motion 

in the sense that in circular motion the direction changes continuously with 

time, unlike in linear motion. In part (a) (ii), they recognized that circular 

motion is facilitated by centripetal force due to the existence of centripetal 

acceleration which is always directed towards the centre of motion. Also, 

most of them attempted item (b) (ii) well but failed to do so in item (b) (i) 

due to various reasons, including inability to deduce that average velocity 

in some context is given by 
timeTotal

ntDisplaceme
v

 
 . Therefore, some of them 

calculated the average velocity as a mean of the velocities in Arc AB 

through the AB diameter. This was not correct since the direction of the 

velocity along Arc AB varies. However, some candidates detected the logic 

behind. Therefore, they managed to solve this item correctly as presented in 

Extract 5.1. 

Figure 4: The candidates' performance on question 5 
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Extract 5.1: A sample of good response provided by a candidate. 

 

Extract 5.1 indicates how the candidate responded correctly to each item by 

describing the application of circular motion and applying the correct 

formulae and procedures in determining the time, average velocity and 

acceleration with respect to circular motion. 
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However, most of the 35.1 percent of the candidates who scored low marks 

(0 - 3) lacked knowledge about the concept of circular motion as they 

failed to distinguish it from linear motion and to give reasons behind the 

given task in part (a) (ii). Most of them also failed to draw the free force 

diagram to resolve the vertical and horizontal components of force acting 

on a body whirled in a horizontal circle. Extract 5.2 shows an example 

response by a candidate who gave incorrect answers to each of the question 

items. 
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Extract 5.2: A sample of poor response provided by a candidate. 

 

Extract 5.2 indicates how the candidate failed to deduce the concepts of 

circular motion as he/she applied incorrect formulae leading to incorrect 

responses to all parts of the question items. 

2.1.6 Question 6: Gravitation 

The question aimed at assessing the candidates' knowledge about the 

concept of Gravitation. Thus, part (a) required them to (i) explain why the 

weight of a body becomes zero at the centre of the earth and (ii) determine 

how far above the earth surface does the value of acceleration due to 

gravity become 36% of its value on the surface. In part (b), the candidates 
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were required to (i) compute the period of revolution of a satellite revolving 

in circular orbit at a height of 3400 km above the earth’s surface and (ii) 

prove that the angular momentum for a satellite of mass Ms revolving round 

the earth of mass Me in an orbit of radius r is equal to   .2

1
2rMGM se  

 

A total of 10,995 candidates corresponding to 58.2 percent attempted this 

question. Their scores were as follows: 42.9 percent scored below 3.5 

marks, including 14.7 percent who scored 0 marks; 22.6 percent scored 

from 3.5 to 5.5; while 34.5 percent scored from 6 to 10 marks. These data 

reveal that the candidates' performance on this question was average 

because 57.1 percent of them scored from 3.5 to 10. 

 

The candidates who scored average marks (3.5 - 5.5) performed well in part 

(a) (ii) and (b) (i) as they computed correctly the height above the earths' 

surface and the period of revolution of a satellite. However, they provided 

wrong responses to other parts of the question. This could have been 

contributed by their failure to understand that the weight and the 

acceleration due to gravity become zero due to the fact that the distance 

from the earths' surface to the centre of the earth becomes equal to the 

radius of the earth i.e from g
'
 = g (1 - d/g), if d = g, then g

' 
= 0 and hence W 

= m x g
' 
= 0. In addition, most of them failed to retrieve and compare the 

required expressions for centripetal and gravitational forces to prove an 

expression of angular momentum of a satellite as given in part (b) (ii). 

Extract 6.1 is a sample of a good answer by one candidate. 
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Extract 6.1: A sample of a good response given by one of the candidates. 

 

In extract 6.1 the candidate was able to deduce Newton's law of universal 

gravitation as he/she applied the correct formulae in determining the height, 

periodic time and deriving an expression of angular momentum. 
 

However, 42.9 percent of the candidates who scored low marks (0 - 3) 

faced several challenges including failure to provide specific reason on part 

(a) (i). They also lacked competence in retrieving and conveying the basic 

concepts of variation of the earth’s acceleration due to gravity with depth as 

well as the formulae guiding planetary motion. Extract 6.2 is a sample of 

poor responses to this question. 
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Extract 6.2 is a sample of poor response provided by a candidate. 

 

Extract 6.2 indicates how the candidate provided an incorrect reason in part 

(a) (i) and used incorrect formulae in performing calculations. 
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2.1.7 Question 7: Thermometers and Thermal Conduction 

This question was divided into parts (a) and (b). In part (a), the candidates 

were required to (i) explain why water is preferred as a cooling agent in 

many automobile engines and (ii) calculate the boiling point of water on a 

scale of thermometer with wrong calibration which reads the melting point 

of ice as - 10 
0
C and 40 

0
C in a place where the temperature is 30 

0
C. Part 

(b) required them to (i) analyse three practical applications of thermal 

expansion of solids in daily life situations and (ii) calculate the heat loss per 

minute by conduction given that a closed metal vessel containing water at 

75 
0
C has a surface area of 0.5 m

2
, uniform thickness of 4.0 m and its 

outside temperature of 15 
0
C. 

 

Analysis of the candidates' performance revealed that more than half of 

them (69.2%) scored low marks, ranging from 0 to 3; 21.3 percent scored 

from 3.5 to 5.5 marks; while 9.5 percent scored from 6 to 10 as shown in 

Figure 5. 

 

 
 

 

The data illustrated in Figure 5 shows that the candidates' performance in 

this question was poor because more than half failed to answer the question 

Figure 5: The candidates' performance on question 7 



35 

by scoring from 0 to 3 marks. Responses from most candidates who scored 

low marks had many errors, including failure to identify appropriate 

formula for calculating heat loss and temperature. They also provided 

invalid reasons as to why water is preferred as a cooling agent in 

automobile engines. Moreover, they failed to analyse the practical 

applications of thermal expansion of solids in daily life situations. Extract 

7.1 shows a sample of a poor answer by one of the candidates.  

 

 
 

Extract 7.1: A sample of poor response given by a candidate. 

 

Extract 7.1 indicates how the candidate failed to describe thermodynamic 

scale of temperature by retrieving the required formulae but also, to 

precisely analyse three practical applications of thermal expansion of solids 

in daily life activities. 

 

Among the candidates who performed well, 0.4 percent scored all the 

marks allotted to this question because they had a good understanding of 

thermometers and thermal conduction. These candidates argued correctly 
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that water is preferred as a cooling agent in many automobile engines 

because it has a high specific heat capacity which can absorb a larger 

amount of heat for a correspondingly small temperature rise. Also they 

were conversant with the Celsius scale, applications of thermal expansion, 

and the rate of thermal conduction in solids. An example answer is shown 

in Extract 7.2; the candidate attempted well each part of the question. 
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Extract 7.2 is a sample of good answer by one of the candidates. 

 

In extract 7.2 the candidate stated correctly why water is preferred as a 

cooling agent and applied the correct formulae and procedure to calculate 

the boiling point of water and heat loss per minute. 

 

2.1.8 Question 8: Heat (Thermal Conduction and Thermal Radiation) 

This question had parts (a) and (b). In part (a), the candidates were required 

to (i) sketch a graph which illustrates how the energy radiated by a black 

body is distributed among various wavelengths and (ii) give three 
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interpretations which would be drawn from the graph in (a) (i). In part (b), 

they were required to (i) give a reason why stainless steel cooking pans are 

made with extra copper at the bottom and (ii) calculate the temperature 

with which the filament lamp of a 10 W lamp would operate if it is 

supposed to be a perfect black body of area 1 cm
2
. 

 

The question was opted for by 87.1 percent of the candidates. Among them, 

28.5 percent scored from 0 to 3; 36.4 percent scored from 3.5 to 5.5 marks; 

and 35.1 percent scored from 6 to 10. These data reveal that 71.5 percent of 

the candidates who attempted this question scored from 3.5 to 10, which 

reflect good performance. Figure 6 illustrates this scenario. 

 
 

Most of the candidates who demonstrated good performance (6 -10 marks) 

responded correctly to almost all parts of the question, particularly part (b) 

which required the knowledge of thermal conductivity and blackbody 

radiation (Stefan’s law). However, part (a) (ii) seemed challenging to some 

of them as they failed to interpret correctly the graph they were asked to 

draw in part (a) (i). These candidates failed to recognize that, for a given 

temperature, the radiant intensity emitted by a black body is maximum for 

a particular wavelength. In addition, as the temperature of the body 

increases, the peak of the curve shifts towards a shorter wavelength. Also, 

the area under the curve gives the total energy radiated by the black body 

per second per unit area which is directly proportional to the fourth power 

of absolute temperature. Extract 8.1 presents an example of good responses 

taken from the script of one of the candidates. 

 
 

Figure 6: The candidates' performance on question 8 
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Extract 8.1: A sample of the correct responses provided by a candidate.  
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Extract 8.1 indicates how the candidate managed to describe spectra of 

thermal radiation and applied the laws of blackbody in daily life to 

determine the temperature of the filament. 
 

In the group of the candidates who scored low (0 -3) marks, 8.0 percent 

lacked knowledge of thermal radiation and presented wrong responses to 

each tested item; therefore, they scored 0 marks whereas 20.5 percent 

managed to answer correctly some parts of the question. Also, it was noted 

that part (a) of this question challenged most of the candidates in this group 

as they failed to draw and interpret the required graph of radiant energy of a 

black body against the wavelength. Some of them were totally confused 

because, instead of sketching the graph showing how the energy radiated 

by black body varies with wavelength, they attempted to illustrate the 

penetrating power of electromagnetic waves against various obstacles. 

Extract 8.2 is a sample of the poor responses presented by one of the 

candidates. 
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Extract 8.2: A sample of an incorrect response provided by a candidate. 

 

In extract 8.2 the candidate drew a diagram illustrating the penetrating 

power of radioactive particles instead of sketching a graph of radiant 

energy against wavelength. He/she also applied an incorrect formula in 

calculating the temperature of the filament ended with wrong result. 

2.1.9 Question 9: Current Electricity 

In part (a) of this question, the candidates were required to (i) elaborate 

three significance of dielectric material in a capacitor and (ii) explain the 

reason behind the loss of electric energy when two capacitors are joined 

either in series or parallel. In part (b) (i), they were instructed that a 

researcher had 2 g of gold and wished to form it into a wire of resistance of 

80 Ω at C00 .  Then, they were required to calculate the length of the wire 

which would be formed while in (b) (ii) they were required to calculate 

potential difference between two points if 5 Joules of work are required to 

move 10 Coulombs from one point to another.  

 

The question was attempted by 7,428 candidates corresponding to 39.3 

percent. Among them, 62.5 percent scored from 0 to 3; 19.7 percent scored 

from 3.5 to 5.5; while 17.8 percent scored from 6 to 10 marks. These scores 

suggest that the general performance on this question was poor. The 

following bar chart is illustrative. 
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More than half of the candidates who had unsatisfactory performance 

(62.5%) provided incorrect responses to most of the items. The noted 

challenges in their responses include lack of knowledge about the function 

of dielectric material in a capacitor and how the flow of charges affect the 

electrical energy when two capacitors are joined either in series or parallel. 

These candidates were unaware that dielectric material keeps the plates 

apart to avoid charges flowing from one plate to another. In addition, it 

limits the potential difference that can be applied between such plates. 

Another observed challenge was the failure to retrieve the formula for 

resistivity in order to compose an expression for calculating the length of 

the wire. Extract 9.1 exhibits poor responses by one of the candidates. 
 

 

Figure 7: The candidates' performance on question 9 
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Extract 9.1 is a sample of candidates
'
 incorrect responses to the question. 

 

In extract 9.1 the candidate failed to elaborate correctly three significance 

of dielectric material in a capacitor but also to give a reason behind the loss 

of electric energy in capacitors. 

 

On the other hand, 37.5 percent of the candidates who scored high (6 - 10) 

marks include 0.3 percent who wrote the correct responses to each item and 

scored all marks allotted to this question. These candidates showed a 

greater understanding of the function of dielectric material in a capacitor 

and managed to state correctly that energy is lost when capacitors are 

joined due to heating effect resulting from the flow of charges between the 

capacitor. In addition, they managed to retrieve and apply the formulae 



RA
l   and 

Q

W
V   to calculate the length l  of the wire and potential 

difference V between the two points respectively. Extract 9.2 presents a 

sample of responses by one of the candidates with high performance on this 

question. 
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45 

 

 
Extract 9.2: A sample of a good response provided by a candidate. 

 

In extract 9.2 the candidate was very precise in applying the correct 

formulae and procedures in part (b) (i) and (ii). 
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2.1.10 Question 10: Current Electricity 

This question was comprised of two parts titled (a) and (b). Part (a) 

required the candidates to (i) explain why a room light turns on at once 

when the switch is closed and (ii) determine the value of conductance given 

that a current of 3.0 mA flows in a Television resistor R when a potential 

difference of 6.0 V is connected across its terminals. In part (b), the 

candidates were given a circuit diagram which contained a capacitor, 

resistors and three cells of negligible internal resistance as follows: 

 

 
 

Then they were required to compute (i) the current passing through 3 Ω 

resistor and (ii) the charge on the capacitor. 

 

The number of candidates who opted for this question was 15,595, 

equivalent to 82.5 percent. Their performance was as follows: 72.9 percent 

scored from 0 to 3; 21.3 percent scored from 3.5 to 5.5; while only 5.8 

percent scored from 6 to 10, including 27 candidates who scored all 10 

marks allotted to this question. 

 

The general performance on this question was poor since many candidates 

(72.9%) scored from 0 - 3 marks which is below the pass mark. Further 

analysis of the candidates’ responses to this question reveals, that in part (a) 

(i), most of them did not know that electromagnetic impulse is transmitted 

with nearly the speed of light. Hence as soon as the switch is closed, the 

electric field is established in the whole circuit. Consequently, free 

electrons in the wire begin drifting everywhere at once. In addition, 

although the value of current I and potential difference V were given in part 

(a) (ii), these candidates failed to determine the value of conductance, 
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which is given as 
V

I

R
G 

1
. Furthermore, they failed to interpret and 

identify the direction of current in the circuit diagram and apply 

Kirchhoff’s laws to solve the items in part (b), showing that they lacked 

knowledge of current electricity. Extract 10.1 is a sample of poor responses 

to this question. 

 

 
 

Extract 10.2: A sample of poor response given by a candidate. 

 

In extract 10.2 the candidate partially stated the reason for item (a) (i) but 

failed to compute the value of conductance and to apply Kirchhoff’s laws 

in part (b). 

 



48 

However, among the 27.1 percent of the candidates who scored from 3.5 to 

10 marks, 5.8 percent (corresponding to 27 candidates) scored all 10 marks. 

These candidates showed a good understanding of the question as they 

presented their responses systematically and correctly. For example, most 

of them provided the reason why a room light turns on at once when the 

switch is closed. Also, they calculated accurately the value of conductance 

based on the definition; conductance is the reciprocal of resistance. In part 

(b), they managed to study the circuit and apply Kirchhoff’s laws to 

determine the current passing through the 3 Ω resistor and the charge on 

the capacitor. Extract 10.2 presents a sample of good responses to this 

question from one of the candidates. 
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Extract 10.2: A sample of a correct response given by a candidate. 

 

Extract 10.2 indicates how the candidate was competent in applying Ohm's 

law to determine the conductance but also to analyse electrical network to 

find the current and charge on the capacitor.  

 

2.1.11 Question 11: Electronics 

Part (a) of this question required the candidates to (i) explain why 

transistors can not be used as rectifiers and (ii) calculate the base current in 

the NPN transistor circuit of collector current 5 mA if 95 % of the emitted 

electrons reach the collector region. In part (b), the candidates were 
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required to (i) explain what causes damage to the transistor and (ii) 

construct the truth table for the following circuit diagram. 

 
 

A total of 16,838 candidates (89.1%) attempted this question whereby 33.3 

percent scored from 0 to 3; 34.1 percent scored from 3.5 to 5.5 marks; and 

32.6 percent scored from 6 to 10 marks. These data reveal that the general 

performance on this question was good since 66.7 percent of the candidates 

scored more than one-third of the allotted marks to this question. Figure 8 

illustrates this information. 

 

 
 

 

The analysis of the candidates’ responses showed that those who scored 

average (from 3.5 - 5.5) marks managed to answer part (a) of this question 

correctly. These candidates understood that one of the basic properties for a 

transistor (semi-conductor device) to operate as a rectifier is that either 

base-emitter or base-collector has to be used as a diode i.e doping level 

should be the same. But the three layers of transistors have different doping 

levels. Therefore, it cannot be used as a rectifier. In addition, they had 

Figure 8: The candidates' performance on question 11 
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adequate knowledge of the concept of current gain as well as the 

relationship of the currents through the base, collector and emitter. 

Therefore, they calculated correctly the required base current in part (a) (ii). 

However, some of the candidates who scored from 6 to 10 marks 

responded correctly in both parts but others were not aware that operating 

the transistor beyond its maximum rating and excessive heat, which may 

result from excess current, are the causes of damage to the transistor. 

Extract 11.1 presents one of a correct response to this question. 

 

 

 
 

Extract 11.1: A sample of good answers by a candidate. 

 

In extract 11.1 the candidate presented precise responses to all parts of the 

question and scored high marks. 
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In contrast, the candidates who performed poorly showed little 

understanding of the concept of transistor. They failed to interpret the 

characteristics of a transistor and its mode of operation. Therefore, they 

failed to fulfil the demands of the question items. For example, instead of 

calculating the base current as demanded in part (a) (ii), some of them 

applied irrelevant formula which gives the collector current. Further 

analysis on the candidates' responses revealed that some of them 

completely failed to construct the truth table based on the given circuit 

diagram implying that they lacked knowledge of the tested concept in this 

topic. Another observed challenge was the tendency of some candidates to 

cancel some responses and begin afresh showing that they were not sure 

about their answers. Extract 11.2 was taken to illustrate this scenario. 
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Extract 11.2: An example of poor responses presented by a candidate. 

 

In extract 11.2 the candidate lacked knowledge of logic gates especially in 

preparing the truth table of logic combinations. 

2.1.12 Question 12: Electronics 

The question aimed at determining the candidates' knowledge of 

operational amplifiers. Therefore, part (a) required them to (i) distinguish 

between inverting OP–AMP and non-inverting OP–AMP and (ii) give one 

application of each type of OP–PAMP described in item (i). In part (b), the 

circuit diagram of a non –inverting amplifier with input and output voltages 

was given as follows: 

 

 
 



56 

Then, the candidates were required to (i) determine the closed loop voltage 

gain ainG , given that 
1

21
R

R
Gain  , and (ii) use the circuit diagram to show 

how the expression given in part (b) (i) can be derived. 
 

Data analysis reveals that 79.5 percent of the candidates attempted this 

question and had the following scores: 30.8 percent scored from 0 to 3 

marks; 28.6 percent scored from 3.5 to 5.5; and 40.6 percent scored from 6 

to 10 marks. These scores suggest that the candidates' performance on this 

question was good because more than two-third of them scored the pass 

mark and above. 
 

The performance of those who scored average (3.5 - 5.5) marks was 

contributed by the candidates' ability to comprehend correctly the demand 

of the question on part (a). These candidates managed to distinguish 

inverting OP-AMP from non-inverting OP-AMP and state the application 

of operational amplifiers. However, they failed to study and interpret the 

circuit diagram to show the required steps in deriving the expression 

1

21
R

R
Gain  . Nevertheless, those who scored higher marks (6 - 10) were 

conversant with the topic as they managed to organize and analyse the 

concept by providing the correct responses to almost all parts of the 

question. Extract 12.1 is a sample answer taken from the script of one of 

the candidates who performed well in this question. 
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Extract 12.1: A sample of a correct response provided by a candidate. 

 

Extract 12.1 indicates how the candidate used a short and clear method to 

derive the required formula in part (b) (ii). He/she also managed to describe 

the properties and mode of action of operational amplifiers. 
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However, 30.8 percent of the candidates who scored low (0 - 3) marks 

lacked knowledge of analogue electronics especially operational amplifier 

as well as mathematical skills. Some of them failed to interpret the given 

circuit diagram in part (b) and to make a direct substitution of the given 

values of 1R  and 2R  into the formulae 
1

21
R

R
Gain  . Besides, they 

supplied incorrect responses to all items of part (a) of this question. For 

example, one candidate wrote, Inverting OP - AMP is the negative terminal 

of the operational amplifier while non-inverting OP - AMP is the positive 

terminal of the operational amplifier. This candidate failed to recognize 

that an inverting OP - AMP is the one in which input voltage is connected 

at the inverting terminal and the feedback is applied to the same terminal 

unlike for non-inverting OP - AMP in which input voltage is connected at 

the non-inverting terminal and the feedback is applied to the inverting 

terminal. Extract 12.2 shows one of the responses given by the candidate 

who could not answer this question. 
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Extract 12.2: A sample of incorrect responses to all parts of the question.  

 

Extract 12.2 indicate how the candidate failed to distinguish between 

inverting OP–AMP and non-inverting OP–AMP. In part (b) (ii), instead of 

showing how the given expression for voltage gain Gain is obtained, he/she 

derived a formula for the voltage gain of inverting OP-AMP. 
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2.1.13 Question 13: Telecommunication 

This question had parts (a) and (b). In part (a), the candidates were required 

to (i) identify three basic elements of a communication system and (ii) 

explain why sky waves are not used for transmission of TV signals. In part 

(b), a labelled diagram showing the essential components of a transmitter 

for radio broadcasting was given as follows: 

 

 
 

The candidates were required to describe the role of each of the 

components labelled A, B, C, D and E in a communication system.  

 

About three quarter of the candidates (73.5%) opted for this question. 

Among them, 28.3 percent scored from 0 to 3; 29 percent scored from 3.5 

to 5.5; and 42.7 percent scored from 6 to 10. Therefore, 71.7 percent of the 

candidates who attempted this question scored above the pass marks (3.5 

marks), implying that the performance on this question was good. This 

performance reveals that most of the candidates were competent in the 

assessed area as they managed to link the acquired knowledge about the 

functions of various electronic components for radio broadcasting. 

 

The candidates who demonstrated good performance on this question (i.e 

from 6 - 10) were conversant not only with the concept of 

telecommunication but also with language skills as they provided correct 

and brief responses to most parts of the question. They mentioned three 

basic elements of communication system which are transmitter, 

communication channel and Receiver and had clear understanding that sky 

waves (ionospheric propagation) are not used for transmission of TV 

signals because frequencies of TV waves range from 80 to 200 MHz and 

the ionosphere cannot reflect back to the earth frequencies greater than 40 

MHz. Moreover, they managed to study the given figure in part (b) and 
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explain the role of the microphone, amplifier, modulator, oscillator and 

transmitting antenna. On the other hand, most of those who scored average 

(3.5 - 5.5) marks attempted only part (a). They failed to explain how each 

of the labelled components of the transmitter facilitates the communication 

channel. Therefore, they lost some marks. Extract 13.1 presents a sample of 

good responses to this question.  

 

 
 

Extract 13.1: A sample of good response given by a candidate. 

 

Extract 13.1 indicate how the candidate managed to provide clear and 

precise responses to all parts of the question. 
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In the category of those who scored low (0 - 3) marks, 10 percent of them 

scored 0. The major challenges these candidates faced include failure to 

understand the basic elements of the communication system and the ranges 

of frequencies on which TV signals as well as the sky wave propagation 

belongs. Additionally, most of them could not perfectly describe the roles 

of the essential components of the transmitter for radio broadcasting while 

others skipped this part. The candidates were required to explain the roles 

as follows: (A) The Microphone converts sound signals into electrical 

signals, (B) The amplifier raises the strength of weak signals, (C) 

Modulator-superimposes the signal on the carrier wave in order to carry 

signal to larger distances, (D) Oscillator- produces a high frequency signal 

(a carrier wave) and (E) Transmitting antenna- captures the output of the 

modulator thereby converting the electrical signal into radio waves and 

transmit them into free space. Extract 13.2 is an example of incorrect 

responses to this question. 
 

 
 

Extract 13.2 is a sample of incorrect responses provided by a candidate. 

 

Extract 13.2 shows how the candidate lacked knowledge of the assessed 

concepts. He/she failed even to state the role of a microphone, which is a 

common device used in everyday communication. 
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2.1.14 Question 14: Environmental Physics 

This question aimed at assessing the candidates' knowledge about 

Environmental Physics. Thus, part (a) required them to (i) explain the 

meaning of epicentre and wind belt as used in Geophysics and (ii) give two 

positive effects of wind on plant growth. In part (b), the candidates were 

required to (i) identify three types of seismic waves and (ii) outline two 

characteristics of each type of wave described in part (b) (i). 

 

A total of 10,915 candidates, corresponding to 57.7 percent, attempted this 

question. Their scores were as follows: 35.6 percent scored from 0 to 3; 

32.6 percent scored from 3.5 to 5.5; while 31.8 percent scored from 6 to 10. 

These data reveal that the candidates' performance on this question is good 

because 64.4 percent passed the question by scoring from 3.5 to 10. The 

following pie chart is illustrative. 

 

 
 

The candidates who scored average (3.5 - 5.5) marks were noted to perform 

well in part (a), but they provided wrong responses to other parts of the 

question. This was contributed by their failure to identify types of seismic 

waves and their characteristics. Further analysis on the candidates' 

performance showed that most of those who scored high (6 - 10) marks 

attempted well in both parts (a) and (b). They defined well the terms 

epicentre and wind belt. They also mentioned correctly the three types of 

seismic waves, which are P-waves, S- waves and Surface waves together 

Figure 9: The candidates' performance on question 14 
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with the characteristics of each. Extract 14.1 is a sample of good responses 

from the script of one candidate to illustrate this scenario. 
 

 

 
 

Extract 14.1: A sample of good responses given by a candidate. 

 

Extract 14.1 indicates how the candidate had broad knowledge of 

environmental physics as he/she responded correctly to each item of the 

question. 

 

Nevertheless, 35.6 percent of the candidates who scored low (0 - 3) marks 

attempted to define the terms epicentre and wind belt, but they failed to 
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organise the concept in a good manner. For example, one candidate wrote: 

Epicentre is a point within the earth at which wind start and wind belt is a 

region at the centre of the earth containing movement of air. They were 

supposed to give the meaning of epicentre as a ground surface directly 

vertically above the focus of earth quake and wind belt as a seasonal 

strong wind moving in one direction in a certain region of the earth. 

Besides, some of them mentioned correctly the two effects of wind on plant 

growth. However, instead of identifying P-waves, S-waves and surface 

waves as the three types of seismic waves in relation to earthquake 

formation, they described electromagnetic and mechanical waves, which 

are types of waves based on the topic of vibrations and waves. Moreover, 

among the candidates who scored low marks, 7.7 percent scored zero 

marks as they failed to provide appropriate responses to each item. These 

candidates lacked knowledge about the tested areas. Their responses 

contained many conceptual and grammatical errors. Extract 14.2 shows a 

sample of poor responses to this question. 
 

 
 

Extract 14.2: A sample of an incorrect response given by the candidate. 

 

In extract 14.2 the candidate provided incorrect responses to each item. For 

instance, in part (b), he/she described the types of waves considering the topic of 

vibrations and waves instead of seismic waves. 
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2.2 131/2 PHYSICS 2 

This paper comprised short answer questions constructed from six topics 

namely Fluid dynamics, Vibrations and waves, Properties of matter, 

Electrostatics, Atomic Physics and Electromagnetism. Each question 

carried 20 marks. The candidate's performance was considered as weak, 

average and good if the scores range from 0 to 6.5, 7 to 11.5 and 12 to 20 

respectively. The pass score for each question was taken from 7 marks and 

above. The subsequent section analyses performance on each question. 

2.2.1 Question 1: Fluid Dynamics 

This question had parts (a), (b), (c) and (d). In part (a), the candidates were 

required to (i) give the meaning of the terms velocity gradient, tangential 

stress and coefficient of viscosity as used in fluid dynamics (ii) write 

Stokes’ equation and define clearly the meaning of all the symbols used 

and (iii) state two assumptions used to develop the equation in 1 (a) (ii). In 

part (b), they were required to calculate the terminal velocity of the rain 

drops falling in air by assuming that the flow is laminar, the rain drops 

were spheres of diameter 1mm and the coefficient of 

viscosity 25 Ns/m1.8x10η  . Part (c) required the candidates to calculate 

the force acting on the plate when water flows past a horizontal plate of 

area 1.2 m
2
 when the velocity gradient and coefficient of viscosity adjacent 

to the plate are 10 s
-1

 and 1.3x10
-5

 Nsm
-2

 respectively. In part (d), the 

candidates were required to find the volume of water that will flow out of 

the pipe in 1 minute when water flows through a horizontal pipe of cross- 

sectional area 10 cm
2
 has one section of cross- sectional area 5 cm

2
 and 

pressure difference between the two sections is 300 Pa. 

 

The question was attempted by 95.4 percent of the candidates. Among 

them, 11.7 percent scored from 0 to 6.5 marks; 26.1 percent scored from 7 

to 11.5 marks; and 62.2 percent scored from 12 to 20 marks. These scores 

imply that the candidates’ performance on this question was good as 88.3 

percent scored from 7 to 10. Figure 10 illustrates the performance of the 

candidates on this question. 
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Figure 10 : Candidates’ performance on question 1 
 

The candidates who performed well in this question had an adequate 

knowledge of fluid dynamics. They managed to define velocity gradient, 

tangential stress, and coefficient of viscosity. Similarly, these candidates 

correctly wrote Stokes’ equation and stated precisely the assumptions used 

to develop it. Most of them utilized the appropriate procedures and formula 

in finding the terminal velocity of the rain drops, force acting on the plate 

and the volume of water that flows out the pipe. Extract 15.1 shows one of 

the responses by a candidate who answered the question correctly. 
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Extract 15.1: A sample of good response provided by the candidate.  

 

In Extract 15.1, the candidate answered correctly all parts of the question. 

 

The candidates who performed poorly in this question did not know the 

basic concept in fluid dynamics. They failed to define the given terms such 

as velocity gradient, tangential stress and coefficient of viscosity. For 

instance, some of them defined velocity gradient as the average speed of 

the liquid flowing in the pipe. They failed to differentiate Stokes’ equation 
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given as TπrηvF 6  from Bernoulli’s equation given by the relation 

21
P+ρ g h +  ρ v  = k

2
. Besides, most of them applied the wrong formula 

and procedures, ending up getting incorrect values of terminal velocity, the 

force acting on the plate and the volume of water given out through the 

pipe. For example, one candidate calculated the force acting on a plate by 

using the formula 
dy

dv
x

A

η
F   instead of xA

dy

dv
ηxF  . This candidate did 

not understand how variable A (cross-sectional area) relates with variable F 

(force acting on the plate) leading to the incorrect formulae. In general, 

these candidates had inadequate knowledge and skills in solving questions 

involving coefficient of viscosity as applied in fluid dynamics. Extract 15.2 

is a sample of the incorrect responses given. 
 

 



72 
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Extract 15.2: A sample of incorrect responses provided by the candidate. 

 

In Extract 15.2, the candidate failed to give the correct definition of 

velocity gradient, tangential stress and coefficient of viscosity. He/she 

stated Bernoulli’s theorem instead of Stokes' law and applied the wrong 

formula to calculate terminal velocity, force acting on a plate and the 

volume of water flowing out. 

 

2.2.2 Question 2: Vibrations and Waves 

This question consisted of parts (a), (b) and (c). In part (a), the candidates 

were required to (i) provide evidence which proves that sound is a wave 

and (ii) explain why thunder of lightning is heard some moments after 
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seeing the flash. Part (b) required the candidates to (i) define Doppler 

effects and (ii) calculate the frequency of the note heard by the cyclist 

before and after the train has passed away, when the engine driver of the 

railway train moving at 20 m/s, sounds a warning siren of frequency 480 

Hz to cyclist moving at 10 m/s approaching each other. In part (c), the 

candidates had been instructed that two sheets of a Polaroid were lined up 

so that their polarization directions were initially parallel, if one sheet was 

rotated. Then they were required to (i) explain how the transmitted light 

intensity varies with the angle between the polarization direction of the 

polaroid and (ii) calculate the angle which the polaroid must be rotated to 

reduce the light intensity by 50%. 

 

A total of 11,773 (62.3%) candidates attempted this question. The analysis 

depicts that 29.8 percent scored from 0 to 6.5, including 3.6 percent of the 

candidates who scored zero mark; 42.7 percent scored from 7 to 11.5 

marks; and 27.5 percent scored from 12 to 20 marks. The general 

performance on this question was 70.2 percent, indicating good 

performance. Figure 11 illustrates the performance of the candidates on this 

question.  

 
Figure 11: Performance of candidates on question 2 

 

The candidates who performed well in this question managed to give the 

correct evidence that sound is a wave and explained correctly why a flash 
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of light reaches us earlier than the sound of thunder. They also managed to 

define the term Doppler effects and applied the correct formula in 

calculating the frequency of the note heard by the cyclist before and after 

the train had passed. Furthermore, they managed to give the correct relation 

of how the transmitted light intensity varies with the angle between the 

polarization directions of the Polaroid as 2

oI = I Cos θ .  Moreover, they 

calculated correctly the angle which the Polaroid must be rotated to reduce 

the light intensity by 50%. These candidates seemed to have a good 

understanding of vibrations and waves particularly in Doppler effects, 

sound waves, light waves and polarization of waves. They showed great 

competence in using Malus law to portray the relationship between the 

transmitted light intensity and the angle between the polarization directions 

of the Polaroid. Extract 16.1 is a sample response by a candidate who 

answered the question correctly. 
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Extract 16.1 is a sample of good response provided by the candidate. 

 

In Extract 16.1, the candidate provided the correct responses to the 

question. He/she precisely explained the phenomenon and applied the 

correct formula in calculating frequency. 
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Contrarily, the candidates who scored low marks in this question provided 

incorrect evidence to prove that sound is a wave and failed to explain why a 

flash of light reaches us earlier than the sound of thunder. For example, one 

candidate explained why a flash reaches us earlier as because the flash 

passes the clouds tends to collapse each other and hence sound is heard 

after the flash which is completely wrong. This candidate was supposed to 

remember that light waves which travel through the vacuum have a greater 

speed (3×10
8
 m/s) than sound waves (330 m/s) which travel through a 

given material medium. Accordingly, the flash of light reaches us earlier 

than the sound of thunder. Some of them, in part (b) (ii), confused the 

formula of finding apparent frequency of approaching with the separation 

of source and observer. They used '' o

s

v v
f f

v v

 
  

 
 as the formula of 

separation/moving away instead of '' o

s

v v
f f

v v

 
  

 
 and vice versa. They 

also faced problems in attempting part (c) which based on the concept of 

polarization. In this part, they wrongly explained how the intensity of light 

varies with the angle between the polarizations directions of the Polaroid. 

They also used the wrong formula to calculate the angle between the 

Polaroids for the light intensity to be reduced by 50%. This shows that most 

of them lacked content knowledge and mathematical skills in solving 

problems encompassing vibrations and waves especially in polarization. 

Extract 16.2 is an example of the incorrect responses given by one of the 

candidates. 
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Extract 16.2: A sample of incorrect response given by a candidate. 

 

In extract 16.2, the candidate wrote the incorrect explanation of the thunder 

of lightning heard some moment after seeing the flash. He/she used the 

wrong formula in calculating the apparent frequency and angle that the 

Polaroid must be rotated for the intensity of light to be 50%. 
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2.2.3 Question 3: Vibrations and Waves 

This question had three parts (a), (b), and (c). Part (a) required the 

candidates to (i) give the meaning of wave function, longitudinal wave, and 

transverse wave and (ii) show that the maximum velocity of a progressive 

wave travelling in the x- direction with equation kx)asin(wty   is 

given as 
max

2πa
v =

T
. In part (b), they were required to (i) give the meaning 

of diffraction grating (ii) determine the angle at which the bright diffraction 

images will be observed when a diffraction grating has 500 lines per 

millimetre used with monochromatic light of wavelength 6 x 10
-7

m at the 

normal incidence and (iii) explain why other orders of image in 3 (b) (ii) 

cannot be observed. In part (c), the candidates were required to (i) state 

Huygens’s principle of wave construction and (ii) determine the wave 

length of monochromatic light when illuminated on a lens placed with 

convex surface of radius of curvature 50 cm in contact with the plane 

surface which resulting into Newton’s rings whose radius of the 15
th

 ring 

was 2.13 mm. 

 

A total of 9133 (48.3%) candidates attempted this question. The analysis of 

data shows that 33.0 percent scored from 0 to 6.5 marks; 34.7 percent 

scored from 7 to 11.5 marks; and 32.3 percent scored from 12 to 20 marks. 

Figure 12 presents the performance of the candidates on this question. 

 

 
 

Figure 12: The candidates’ performance on question 3 
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The candidates who performed well in this question had a good 

understanding of vibrations and waves. They managed to define correctly 

the terms wave function, longitudinal waves and transverse waves. They 

also managed to show clearly that max

2πa
v =

T
 from displacement 

equation )sin( kxwtay  . They also managed to give the correct 

definition of diffraction grating and to retrieve the correct formula in 

finding the angle at which the bright diffraction images are observed. 

Moreover, they stated Huygens’s principle and found the wave length 

correctly. Extract 17.1 shows a sample of responses by one of the 

candidates who provided correct answers to all parts of the question. 
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Extract 17.1: A sample of correct response given by the candidate. 

 

In Extract 17.1, the candidate managed to provide correct responses to each 

part of the question. He/she performed correct numerical calculations to 

determine the angle at which the bright diffraction images will be observed 

and the wavelength of the monochromatic light used to produce Newton’s 

rings. 
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The candidates who scored low marks in this question failed to give 

explanations mostly in parts (a) (i), (b) (iii) and (c) (i). They failed to give 

the correct definition of wave functions, longitudinal waves and transverse 

waves. For example, one candidate defined wave functions as the number 

of fringes times the distance, instead of an equation which involves 

displacement x and time t describing the motion of the wave. In part (b) 

(iii), they failed to say why other order of image cannot be observed. The 

candidates were supposed to know that the diffraction images cannot be 

observed if sinθ exceeds 1. For this case, the diffraction images will be 

observed at angles θ = 17.46
o
, 36.87

o
 and 64.12

o
 when the diffraction 

orders are m = 1, 2 and 3 respectively. Moreover, they applied 

inappropriate formulae in some parts of the question. For example, one 

candidate used the simple wave formula to find the wavelength of the 

monochromatic light in Newton’s rings experiment as vf   instead of 

mRrm 2  for dark rings and Rmrm )(
2

12   as used in Newton’s ring. 

This indicates that the candidates lacked knowledge about vibrations and 

waves. They also did not know about the formation of interference patterns 

in Newton’s ring experiment in particular. Extract 17.2 is a sample of 

responses from one of the candidate who gave incorrect answers to all parts 

of the question. 
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Extract 17.2: A sample of incorrect response provided by one of the 

candidates. 

 

In Extract 17.2, the candidate failed to provide the correct meaning of the 

terms wave function, longitudinal waves and transverse waves. In part (c) 

(ii), he/she applied the incorrect formula to determine wavelength in 

Newton’s ring leading to the wrong answers. 
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2.2.4 Question 4: Properties of Matter 

This question comprised parts (a), (b), and (c). In part (a), the candidates 

were required to (i) define Young’s modulus of a material and (ii) explain 

why work is said to be done in stretching the wire. In part (b) the 

candidates were given information that a steel wire AB of the length 60 cm 

and cross sectional area 1.5 x 10
-6

 m
2
 was attached at B with a copper wire 

BC of length 39 cm and cross sectional area 3.0 x 10
-6

 m
2
, and that the 

combination of the two pieces of wire was suspended vertically from a 

fixed point at A and supports a weight of 250N. The candidates were 

required to find the extension (in millimetre) of the (i) steel wire and (ii) 

copper wire. Part (c) required the candidates to apply the kinetic theory of 

gases to determine (i) the average translational kinetic energy of air at a 

temperature of 290 K and (ii) the root mean square speed (r.m.s) of air at 

the same temperature as in 4(c) (i). 
 

A total of 15,557 candidates, equivalent to 82.3 percent, attempted this 

question. The analysis of data reveals that 19.1 percent scored from 0 to 

6.5; 52.9 percent scored from 7 to 11.5 marks; and 28.0 percent scored 

from 12 to 20 marks. Only 15 candidates (0.1%) scored all 20 marks in this 

question. The analysis of this question shows that the performance was 

good as 80.9 percent of the candidates scored from 7 to 20 marks. Figure 

13 illustrates the performance of the candidates on this question. 

 
Figure 13: The candidates' performance on question 4 

 

On one hand, the candidates who scored high marks in this question had a 

good knowledge of solving problems about the properties of matter by 

attempting most of this question correctly. Most of them managed to define 

the term Young’s modulus of the material and explain correctly why work 

is said to be done in stretching a piece of wire. They also managed to recall 

the correct formula of Young’s modulus in calculating the extension of 
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steel and copper wire. They showed the ability to apply the kinetic theory 

of gases to determine the root mean square speed (r.m.s) of air in part (c) 

(ii). Extract 18.1 shows the answer by one candidate who performed well in 

this question. 
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Extract 18.1: A sample of good response given by the candidate. 

 

In Extract 18.1, the candidate defined the term Young’s modulus correctly 

and explained why work is said to be done in stretching a piece of wire. 

Consequently, the candidate applied the correct formula to do the 

calculations. 

 

On the other hand, the candidates who scored low marks in this question 

lacked knowledge about the properties of matter. They failed to define 

Young’s modulus of material and to explain why work is said to be done in 

a stretching wire. In order to define Young’s modulus of a material, the 

candidates were supposed to know that it involves a ratio of tensile stress to 

tensile strain. Therefore, when a wire is stretched, the intermolecular forces 

oppose the increase in length of the wire. Work has thus to be done against 

these forces which appear as the elastic potential energy stored in the wire. 
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Since most of them failed to express Young’s modulus equation, they were 

susceptible to using the wrong formula in finding the extension of steel and 

copper wire which led them to obtain incorrect answers. For example, in 

part (b) one candidate used the formula 
A

F

L

A

L

F
e   to find extension 

which is the formula for pressure instead of 
AE

FL
e  . Some of them failed 

to apply kinetic theory of gases in finding translational kinetic energy and 

the root mean square speed (r.m.s) of air molecules. One candidate 

confused the formula of translational kinetic energy of air 

molecules ).(
2

3
kTek   with that of moving bodies ).( 2

2

1
mvek   in (c) (i). 

Extract 18.2 is an example of incorrect answer by one of the candidates. 
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Extract 18.2: A sample of incorrect response provided by the candidate. 

 

Extract 18.2 is a response of a candidate who failed to define the terms 

correctly and used an inappropriate formula to perform calculations, 

leading to incorrect answers. 

 

2.2.5 Question 5: Electrostatics 

This question was divided into parts (a), (b) and (c). In part (a), the 

candidates were required to (i) define the terms electric potential and 

electric field-strength E at a point in the electrostatic field and (ii) show 

how the electric potential and electric field strength are related. In part (b), 
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the candidates were required to calculate (i) the potential at the surface of 

the sphere and (ii) capacitance of the sphere, provided that outside the 

sphere, a charged sphere behaves like its charges were concentrated at the 

centre and that the electric field strength inside the sphere is zero where one 

sphere of radius 5.0 cm carries a positive charge of 6.7 nC. In part (c), the 

candidates were given Figure 1 which shows two horizontal parallel 

conducting plates in vacuum. 

 

 
 

Then, they were asked, If a small particle of mass 4 x 10
-12

 kg carries a 

positive charge of 3.0 x 10
-14

 C is released at point A close to the upper 

plate, calculate: (i) the total force acting on the particle and (ii) the kinetic 

energy of the particle when it reaches the lower plate. 

 

The question was attempted by 23.7 percent of candidates. Among them, 

29.0 percent scored from 0 to 6.5 marks; 35.5 percent scored from 7 to 11.5 

marks; and 35.2 scored from 12 to 20 marks. From this analysis, the 

general performance of the candidates on this question was good as 71.0 

percent of candidates scored from 7 to 20 marks.  Figure 14 indicates the 

performance of the candidates on this question. 

 

 
Figure 14: The candidates’ performance on question 5 
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The candidates who performed well in this question were knowledgeable 

about the concept of electrostatics especially on the electric field strength 

and electric potential. They managed to define correctly the terms electric 

potential and electric field strength. They also succeeded to show 

mathematically how the two quantities are related as 
dr

dV
E   or 

dr

dV
E  . 

Besides, they applied the correct formula in calculating the potential at the 

surface of the sphere and its capacitance. In part (c), they managed to 

calculate the total force acting on the particle by using the formula 

gET FFF   and its kinetic energy of the particle when it reaches the 

lower plate. Extract 19.1 is a response of one of the candidates who 

performed well. 

 

 
 



96 
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Extract 19.1: A sample of the correct response given by one of the 

candidates. 

 

In Extract 19.1, the candidate gave the correct responses according to the 

requirements of the question. He/she managed to recall and apply the 

formula for finding electric potential at the surface of the sphere, 

capacitance of the sphere, the total force acting on a particle and its kinetic 

energy. 

 

Contrarily, the candidates who scored low marks (0 - 6.5) lacked 

knowledge about electrostatics. Some of them gave the wrong definitions 

of electric potential (V) and electric field strength (E). Hence they failed to 
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address all parts of the question and scored zero. For example one of the 

candidates wrongly defined electric potential as the ratio between charge 

and electric field strength instead of the work done in bringing a unit 

positive charge from infinity to a point. Others failed to give the correct 

relation between V and E, as shown in the responses of one of the 

candidate that kVr 2 in place of 
dr

dV
E   or

dr

dV
E  . They also failed to 

apply the correct formula in calculating the electric potential and 

capacitance of the sphere. In part (c), most of the candidates failed to 

identify the forces acting on a particle and used the wrong formula to 

calculate the kinetic energy. A good example is from one candidate who 

wrote the formula for force acting on a particle falling in air as UmgF   

instead of writing the formula for a particle falling in electric fields as 

gET FFF   The candidates were required to use the formula for the 

energy stored in capacitor as 2

2

1
cvU  in calculating the kinetic energy of 

alpha particles instead of just writing the formula ( 2

2

1
. ppvmEK  ). This 

indicates that they lacked knowledge about the general concept of 

electrostatics. Extract 19.2 is a sample of the wrong responses to this 

question. 
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Extract 19.2: A sample of incorrect response provided by the candidate. 

 

In extract 19.2, the candidate gave an incorrect definition of electric 

potential and electric field strength. They also applied the incorrect formula 

to calculate the kinetic energy of the particle. 
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2.2.6 Question 6: Electrostatics 

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

candidates to (i) give the meaning of dielectric constant and (ii) state 

Coulomb’s law of force between two electrically charged bodies. In part 

(b), the candidates were required to (i) agree or disagree and give a reason 

if there can be a potential difference between two adjacent conductors 

carrying the same positive charge and (ii) find final charge of each plate if a 

parallel plate capacitor with air as a dielectric, plates of area 4.0x10
-2 

m
2
 

and 20 mm apart charged to 100 V battery, when connected in parallel with 

a similar unchanged capacitor with plates of half the area and twice the 

distance apart under neglecting edge effect. Part (c) required the candidates 

to: (i) derive an expression for the total capacitance of two capacitors C1 

and C2 connected in a series and (ii) calculate the charge and potential 

difference across each capacitor when two capacitors of 15  F and 20  F 

are connected in a series with a 600 V supply.  
 

A total of 7,674 (40.6%) candidates attempted this question. Among them, 

26.4 percent scored from 0 to 6.5 marks, including 2.3 percent of 

candidates who scored zero; 38.1 percent scored from 7 to 11.5 marks; and 

35.5 percent scored from 12 to 20 marks.  A total of 340 (1.8%) candidates 

managed to score full marks, 20 out of 20 marks. These scores suggest that 

the performance was good since 73.6 percent of the candidates scored from 

7 to 20 marks. Figure 15 represents the performance of the candidates on 

this question. 
 

 
Figure 15: The candidates’ performance on question 6 
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The observations made from the responses in the script of those who 

performed well in this question show that most candidates managed to 

define dielectric constant and to state correctly Coulomb’s law of force 

between two charges. In part (c), they managed to derive an expression for 

the total capacitance of two capacitors C1 and C2 connected in a series and 

applied the correct formula to calculate the charge and potential difference 

across each capacitor. This indicates that these candidates had content 

knowledge and were good at numerical calculations. Extract 20.1 presents a 

sample of the correct responses by one of the candidates who answered the 

question. 
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Extract 20.1: A sample of the correct response given by a candidate. 

 

Extract 20.1 shows the answer by a candidate who correctly defined the 

term dielectric constant, stated Coulomb’s law of force correctly and 

followed proper procedures in deriving the expression for the total 

capacitance and finally did the calculations appropriately. 
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The candidates who performed poorly in this question did not have 

adequate knowledge of the basic concept in electrostatics. They confused 

some terms such as dielectric constant with dielectric material. 

Accordingly, some of them defined dielectric constant as non-conducting 

material placed in capacitors instead of the ratio of the permittivity of 

material medium to that of free space. They also failed to state Coulomb’s 

law properly. In addition, some of them derived the expression of the total 

capacitance of two capacitors connected in parallel ( 21 CCCT  ) instead 

of a series connection (
12

21

CC

CC
CT


 ). Hence, they obtained the wrong 

total charge and potential difference. Extract 20.2 shows a sample of poor 

responses by one of the candidates who provided incorrect answers to all 

parts of the question. 
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Extract 20.2: A sample of incorrect response given by a candidate. 

 

In Extract 20.2, the candidate failed to define dielectric constant, 

incorrectly stated Coulomb’s law of force and derived the wrong formula 

for series connection. 
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2.2.7 Question 7: Atomic Physics 

The question was divided into parts (a), (b) and (c). In part (a), the 

candidates were required to (i) determine the wavelength of the series limit 

of Paschen series based on the Balmer series of hydrogen spectra and (ii) 

explain why electrons do not fall into the nucleus due to the electrostatic 

force of attraction. In part (b), they were required to (i) explain why the 

hydrogen atom is stable in the ground state and (ii) use mathematical 

equation to express the statement of Bohr’s theory which state that the 

angular momentum of an electron is an integral multiple of 
2π

h
 in which 

angular momentum is represented by the letter L and orbit by the letter n 

and (iii) determine the angular momentum of the electron in the orbit of 

energy level -3.4eV given that eV
n

13.6
E

2n


 ,where E is the energy of an 

electron and n is the principal quantum number of the hydrogen atom. Part 

(c) required the candidates to read carefully the following figure which 

represents a series of lines obtained when the excited electron of an atom of 

a certain element falls back. 

 

 
 

Then the candidates were required to (i) account for the observed 

convergence of the lines from A to F and (ii) identify spectral series to 

which the spectrum belongs if the energy value of line A is -1.51 eV 

considering the energy value of each line in the spectrum can be calculated 

using the equation eV
n

13.6
E

2n


 . 

 

A total of 14,233 (75.3%) candidates attempted this question. The analysis 

shows that 23.9 percent scored from 0 to 6.5 marks; 51.2 percent scored 

from 7 to 11.5 marks; and 24.9 scored from 12 to 20 marks. These data 

portray that the candidates’ performance was good as 76.1 percent scored 

from 7 to 20 marks. However, only 6 candidates scored full marks. Figure 

16 depicts the candidates’ performance on this question. 
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Figure 16: The candidates’ performance on question 7 

 

The candidates who performed well the question managed to apply Balmer 

series of hydrogen spectra to determine the wavelength of the series limit of 

Paschen series. Most of them managed to explain why electrons do not fall 

into the nucleus due to the electrostatic force of attraction. In part (b) (i), 

the candidates described the reasons for the stability of the hydrogen atom 

in the ground state. For example, one candidate wrote, hydrogen atom is 

stable in the ground state because at this stage there is no state of lower 

energy to which a downward transition can occur. In part (b) (ii), they 

managed to apply Bohr’s theorem to express the mathematical equation of 

angular momentum, that is n
h

L
2

 . Hence, they used the correct formula 

to calculate the angular momentum. Extract 21.1 shows one of the 

responses by a candidate who answered the question correctly. 
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Extract 21.1: A sample of the correct response provided by the candidate. 

 

In Extract 21.1, the candidate correctly addressed the question by following 

correct procedures, applying correct formulas and executing the 

calculations accurately. 

 

The candidates who scored low marks in this question had insufficient 

knowledge of atomic physics notably about the structure of the atom and 

nuclear physics. Some of them confused the quantum number of the orbit 
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of Paschen series and that of other series. For example, one candidate 

substituted the quantum number 
1n =2 and

2n =3  in finding the lower limit 

of wavelength of Paschen series instead of 
1n =3 and 

2n = 4 . As a result, 

he/she obtained an incorrect value. They also failed to provide the correct 

explanation in part (b) (i) and (ii); most of them gave insufficient reasons 

for the stability of the hydrogen atom in the ground state. Additionally, they 

used the wrong formula to calculate angular momentum. For instance, one 

of the candidates used the formula for linear momentum 


h
P   derived 

from the dual nature of matter as a result of de-Broglie wavelength 

equation instead of angular momentum n
h

L
2

  derived from Bohr’s 

model of the atom. Extract 21.2 is a sample of poor responses by one of the 

candidates. 
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Extract 21.2: A sample of incorrect response given by a candidate. 

 

In Extract 21.2, the candidate applied an irrelevant formula and procedures 

to perform calculations to all parts of the question, leading to incorrect 

answers. 
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2.2.8 Question 8: Atomic Physics 

The question contained parts (a), (b) and (c). In part (a), the candidates 

were required to give the meaning of the following terms as used in nuclear 

Physics: (i) mass defect and (ii) binding energy. In part (b) the candidates 

were given the equation of disintegration of 
U238

92  which gives alpha 

particles represented as 238 234 4

92 90 2U Th+ He . They were required to 

calculate (i) the total energy released in the disintegration reaction and (ii) 

the kinetic energy of alpha particles when the nucleus was at rest before 

disintegration. Part (c) required the candidates to (i) elaborate two aspects 

on which fission reactions differ from fusion reactions and (ii) explain why 

high temperature is required to cause nuclear fusion. 
 

A total of 11,228 (59.4%) candidates attempted this question. Among them, 

57.7 percent scored from 0 to 6.5 marks; 34.5 percent scored from 7 to 11.5 

marks; and 7.8 percent scored from 12 to 20 marks. The analysis shows 

that the performance on this question is average since 42.3 percent scored 

from 7 to 20 marks. Figure 17 illustrates the candidates’ performance on 

this question. 
 

 
 

Figure 17: The candidates' performance on question 8 
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The candidates, who scored good marks in this question had an adequate 

knowledge of atomic physics specifically about nuclear reactions. These 

candidates managed to define the terms mass defect and binding energy. 

However, some of them failed to use the nuclear reaction for the 

disintegration of U238

92  represented by the reaction 238 234 4

92 90 2U Th+ He . 

They failed to use the reaction 238 234 4

92 90 2U Th+ He  to calculate the total 

energy released in the disintegration reaction and the kinetic energy of 

alpha particles when the nucleus was at rest before disintegration. Most of 

them managed to elaborate the aspects in which fission reactions differ 

from fusion reactions. They also explained correctly the need of high 

temperature to cause nuclear fusion. For example, one candidate correctly 

wrote the difference between fission reactions and fusion reactions as: 

 

The aspects in which fission reactions differ from fusion reactions 

are: In fission, heavy nucleus splits into nuclei with less weight 

while in fusion, nuclei of light atoms fuse together to form heavy 

nucleus”. Also, “fission occurs at room temperature when low 

energy is absorbed by the nucleus but fusion occurs at extremely 

high temperatures. 

 

Extract 22.1 is a sample of correct responses to this question by one of the 

candidates who answered correctly almost all parts of the question. 
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Extract 22.1: A sample of a good response provided by a candidate. 

 

In Extract 22.1, the candidate managed to define the terms, give a clear 

explanation, and differentiate fusion from fission reaction correctly. 

 

The candidates who attained low marks in this question did not understand 

the basic concepts of atomic physics. These candidates failed to define 

mass defect and binding energy. In order to define these terms as used in 

nuclear Physics, the candidates were supposed to know that the mass of a 

nucleus is smaller than the sum of the masses of the constituent nucleons. 
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Therefore, the mass defect is the difference between the sum of the masses 

of nucleons (protons and neutrons) in the nucleus and the actual mass of the 

nucleus. They were also supposed to understand that the binding energy of 

the nucleus is provided by the mass defect and, therefore define binding 

energy as the total energy required to liberate all the nucleons from the 

nucleus. In part (b), they failed to study the disintegration of 238

92 U which 

gave the alpha particles represented by the equation 238 234 4

92 90 2U Th+ He . 

The candidates were required to determine the mass defect in a.m.u and 

then convert it into energy. 

 

Similarly, they failed to calculate the kinetic energy of alpha particles when 

the nucleus was at rest before disintegration. For example, one candidate 

used the formula for kinetic energy of a moving body in linear motion as 

“ 21
K.e =  m v

2
” to calculate the kinetic energy of alpha particles when the 

nucleus was at rest before disintegration instead of using the relation, K.E = 

Mass of thorium
 × total energy released, Q

Mass of thorium+mass of helium

 
 
 

 in nuclear 

reactions. Consequently, some candidates failed to elaborate the aspects in 

which fission reactions differ from fusion reactions. In this item, the 

candidates were supposed to know that fission occurs from splitting a 

heavy nucleus into lighter nuclei accompanied with the release of less 

energy per gram. On the other hand, fusion reactions occur from a 

combination of lighter nuclei to form a heavier nucleus which is 

accompanied with the release of more energy per gram. Extract 22.2 is a 

sample of incorrect responses to the question. 
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Extract 22.2: A sample of incorrect response provided by one of the 

candidates. 

 

In Extract 22.2, the candidate failed to define the terms and explained 

incorrectly some concepts. Consequently, he/she failed to differentiate 

fission reaction from fusion reaction. 
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2.2.9 Question 9: Electromagnetism 

This question was comprised of parts (a), (b) and (c). In part (a), the 

candidates were required to (i) identify four factors that affect the force 

experienced by a current-carrying conductor in a magnetic field, (ii) write 

the mathematical expression which defines magnetic flux density and use it 

to deduce its S.I units and (iii) apply the expression obtained in 9 (a) (ii) to 

develop the formula for the force on a conductor carrying current I if the 

conductor and the magnetic fields are not at right angles. In part (b), they 

were required to (i) distinguish the terms magnetically soft and 

magnetically hard materials, (ii) state the condition which makes the 

magnetic force on a moving charge in a magnetic field to be maximum and 

(iii) determine the magnitude of force experienced by a stationary charge in 

a uniform magnetic field. Part (c) required the candidates to (i) identify the 

position of the rotating coil in the magnetic field where the induced e.m.f is 

zero and give the reason and (ii) use a mathematical expression to justify 

the statement that there will be no change in the kinetic energy of a charged 

particle which enters a uniform magnetic field when its initial velocity is 

directed parallel to the field. 

 

A total of 2,366 (12.5%) candidates attempted this question. Among them, 

36.8 percent scored from 0 to 6.5 marks; 36.3 scored from 7 to 11.5 marks; 

and 26.9 scored from 12 to 20 marks. From the analysis, the candidates’ 

performance was good since 63.2 percent scored 7 marks and above. Figure 

18 portrays the performance of the candidates on this question. 

 

 
Figure 18: The candidates' performance on question 9 
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The candidates who performed well in this question managed to identify 

the factors on which the force experienced by a current-carrying conductor 

depends. They were also managed to write the mathematical expression 

which defined magnetic flux density (
IL

F
B  ) and used it to deduce 

correctly its S.I units which is ( 11  ANm  orTesla ). They also applied the 

mathematical expression for the magnetic flux density 
IL

F
B   correctly to 

develop the formula for the force on a conductor carrying current I, if the 

conductor and the magnetic fields are not at right angles. They also 

managed to distinguish magnetically soft and magnetically hard materials. 

These candidates stated precisely the condition which makes the magnetic 

force on a moving charge to be maximum. They also determined the 

magnitude of the force experienced by stationary charge in the uniform 

magnetic field. 

 

Additionally, with reasons, they managed to identify the position at which 

the induced e.m.f becomes zero when the coil rotates in the magnetic field. 

Finally, they applied the correct mathematical expression to justify that no 

change in kinetic energy of a particle when it enters parallel to a uniform 

magnetic field. This indicates that most candidates who attempted the 

question had a good knowledge of electromagnetism especially about the 

magnetic forces on current carrying conductors in a magnetic field. Extract 

23.1 is a sample of the correct responses to this question by one of the 

candidates. 
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Extract 23.1: A sample of the correct response provided by a candidate. 

 

Extract 23.1, is a sample of the correct answer by the candidate who 

managed to provide precise descriptions, systematic procedures and 

calculations in all parts of the question. 

 

As for the candidates who scored low marks in this question, they lacked 

sufficient knowledge about electromagnetism. They failed to identify the 
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factors that affect the force experienced on current-carrying conductor. For 

example, one candidate mentioned the factors as “nature of materials, 

temperature and resistance of a conductor” which some of them are the 

factors affecting the resistance of the conductor instead of magnitude of 

current I, length of conductor L, magnetic flux density B and angle between 

the direction of the field and the conductor. They also failed to distinguish 

magnetically soft from magnetically hard materials. These candidates failed 

to recall that magnetically hard materials retain their magnetism for a long 

time once magnetized and are characterized by having low retentivity and 

greater coercivity while magnetically soft materials do not retain their 

magnetism, though they are easily magnetized. Such materials have high 

retentivity and low coercivity.  

 

Moreover, some candidates failed to give the correct condition that 

maximize the magnetic force on a moving charge in magnetic field. In this 

item, the candidates were supposed to realize that, for the magnetic force 

on a moving charge to be maximum, a charge should move perpendicular 

to the direction of the magnetic field. That is, from F = qvBsinθ, when θ = 

90
o
, sinθ = 1 and the value of F becomes maximum. Some candidates 

related the centripetal force with the magnetic force due to the electric 

field. Thus, they failed to continue as the conceptual approach was 

absolutely inappropriate. Other candidates failed to state the position at 

which the induced e.m.f becomes zero when the coil is rotating in the 

magnetic field. These candidates failed to recognize that the e.m.f becomes 

zero when the axis of the coil is perpendicular to the magnetic field lines. 

That is, if E = Eocosθ, θ = 90
o
 and cos90

o
 = 0; therefore the induced e.m.f is 

zero. Extract 23.2 shows one of the responses by the candidate who 

provided incorrect answers to all parts of the question. 
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Extract 23.2: A sample of incorrect response provided by a candidate. 
 

In Extract 23.2, the candidate failed to provide correct responses to all parts 

of the question. 
 

3.0 ANALYSIS OF CANDIDATES’ PERFORMANCE PER TOPIC 

3.1 Candidates’ Performance per Topic  

The analysis of the candidates’ performance on each topic reveals that, in 

Physics paper 1, they performed well in three topics which are 

Measurement (86.1%), Electronics (69.2%) and Environmental Physics 

(64.4%). They also performed averagely in two topics which are Mechanics 

(58.6%) and Heat (51.2%). The average performance on these topics was 

influenced by the lack of adequate knowledge. Few candidates failed to 

attempt some parts of various questions especially those which demanded 

critical thinking, aiming at assessing higher order of learning outcomes. 

Some candidates seemed to have a poor background in mathematics as they 

failed to analyse and interpret the given data values for correct procedures 

and accurate calculations. However, they had weak performance in the 

topic of Current electricity (32.3%). Such performance might have been 

contributed by the failure to apply the correct formula for a particular 

quantity. For example, some candidates applied Ohm’s law to determine 

the value of conductance instead of using the reciprocal of the resistance of 
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a given device. Another factor was the failure to identify the direction of 

electric current, flow of current at different points in the circuit, and the use 

of Kirchhoff’s laws when traversing round the loops. These factors caused 

most candidates fail to formulate the required equations and to use 

appropriate mathematical approaches to obtain the correct answers. 
 

In Physics paper 2, the analysis shows that among the six (06) topics that 

were tested, the candidates demonstrated good performance on five (05) 

topics, which are Fluid dynamics (88.3%), Properties of matter (80.9%), 

Electrostatics (72.3%), Vibrations and waves (68.6%) and 

Electromagnetism (63.2%). They demonstrated average performance on 

only one (01) topic which is Atomic Physics (59.2%). The average 

performance in this topic was stemmed from the lack of knowledge about 

the distinctive features of mass defect at the expense of binding energy, 

inability to differentiate fission nuclear reactions from fusion nuclear 

reactions, and incompetence in analysing, the data given and using proper 

formula to solve problems involving computation. The summary of the 

candidates’ performance on each topic tested in ACSEE 2019 for both 

paper 1 and paper 2 is shown in Appendix A. 
 

3.2 Comparison of Candidates’ Performance on each Topic and in terms 

of Grades between 2018 and 2019 
 

When comparing the performance of the candidates in the topics tested in 

ACSEE 2018 and 2019, a rise and fall in performance in some topics is 

evident. The reflection of the candidates’ performance portrays a 

considerable increase in performance from 86.6 percent in 2018 to 88.3 

percent in 2019 on the topic of Fluid dynamics. Another substantial 

increase in performance was observed on the topic of Measurement in 

which the candidates’ performance in 2018 was 81.5 percent in comparison 

to 86.1 percent in 2019.  
 

Furthermore, a massive increase in performance was observed on the topics 

of Properties of matter (53.5%), Electrostatics (37.0%) and Electronics 

(53.2%) in 2018 as compared to 80.9 percent, 72.3 percent and 69.2 percent 

on the same topics in 2019 respectively. This remarkable increase in 

performance on these topics indicates that teachers and students improved 

their methods of teaching and learning as the students performed averagely 

on all three topics in 2018. The topic of Vibrations and waves had a slight 

increase in performance from 64.3 percent in 2018 to 68.6 percent in 2019. 
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Moreover, performance on the topic of Environmental Physics highly 

improved from 24.2 percent (weak) in 2018 to 64.4 percent (good) in 2019. 

This signifies that teachers and students succeeded in raising the 

performance on this topic as it had been done poorly in recent years. 

Another measurable increase in performance was observed on the topic of 

Electromagnetism, which increased from 43.5 percent in 2018 to 63.2 

percent in 2019. In contrast, the performance on following topics remained 

the same in 2018 and 2019, though there were small differences. These 

topics include Atomic Physics (57.8%), Mechanics (42.0%) and Heat 

(55.0%) in 2018 while the performance on the same topics were 59.2 

percent, 58.6 percent and 51.2 percent in 2019 respectively. 
 

Despite this good performance on the cited topics, the topic of Current 

electricity still needs to be debated on to improve candidates’ performance. 

The performance of the candidates on this topic remained the same but only 

differed in magnitude from 20.9 percent in 2018 to 32.3 percent in 2019. 

Although there is a notable change in the candidates performance, 

deliberate measures should be taken to improve the performance on this 

topic in future examinations.  
 

When the grade performance of candidates is compared between the years 

2018 and 2019, 0.36 percent scored As in 2018 while 0.26 percent scored 

the same grade in 2019. Similarly, 4.2 percent obtained Bs in 2018 while 

the same grade was scored by 3.6 percent of the candidates in 2019. From 

this analysis, the number of candidates who scored As and Bs in 2018 was 

greater than those scored the same grades in 2019. 
 

Further analysis reveals that more candidates attained grades C, D and E in 

2019 in comparison to those sat the examination in 2018. Nevertheless, 

more candidates (11.38%) obtained the subsidiary grade S in 2018 than 

those who scored the same grade in 2019. Like-wise, poor performance 

(13.44%) was observed more among the candidates who sat the 

examination in 2018 than among the candidates (10.81%) who sat the 

examination in 2019.  
 

In general, more than 50 percent of the candidates who did the examination 

in 2018 and 2019 scored D and E grades. However, the performance of 

candidates in 2019 was better than in 2018. A summary of the comparison 

of the candidates’ grade performance on each topic tested in ACSEE 2019 

for both Physics paper 1 and 2 compared to the year 2018 is shown in 

Appendices B and C. 
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4.0 CONCLUSION AND RECOMMENDATIONS 

4.1 Conclusion 

The analysis of the candidates’ performance per question in the Physics 

examination in 2019 revealed that most of the candidates attempted well 

the questions, although some of them faced difficulties in responding to the 

questions. The major challenges which were identified through this analysis 

include the following: 
 

(a) Inadequate knowledge about some concepts 
 

This caused some candidates to score low or no marks in some 

items or question as they provided incorrect responses to the 

question. This may have been caused by poor coverage of some 

topics by the teachers, ineffective revision of the candidates as well 

as inadequate exercises/tests /examinations and corrections which 

could enhance the candidates’ understanding and easy retrieval of 

the required concepts in each topic. 
 

(b) Lack of mathematical skills 
 

This made some candidates to perform some calculations 

incorrectly either due to errors in writing formulae, executing the 

calculation or failure to recall the formulae. 
 

(c) Failure to understand the demand of the question 
 

This was caused by language barrier. Some candidates failed to 

understand the demands of the question especially in relation to the 

items which required explanation. 
 

(d) Failure to answer all parts of the questions 
 

Some candidates did not address all the questions given. This might 

be caused by their failure to cope with the required speed when 

doing the examination or lack of knowledge. 
 

Although the candidates faced some challenges in attempting the 

questions in ACSEE 2019 in both Physics paper 1 and 2, their 

performance in 2019 has greatly improved, compared to 2018. 

Appendices A and B reveal that eight (8) topics out of twelve (12) 

were performed well, three (03) topics were performed averagely 



132 

and only one (01) topic was performed poorly. This indicates that 

the majority of the candidates had sufficient content knowledge. 

They were also good at answering questions involving calculations. 

In general, the candidates’ performance has increased by 2.65 

percent.  
 

4.2 Recommendations 

In order to improve the performance of the candidates in future, the 

following are the recommendations: 
 

(a) Teachers and students should put much effort on the topics which 

are frequently performed poorly. The emphasis should be put on the 

topic of Current electricity. Teachers have to apply appropriate 

approaches in guiding students through deducing and applying 

Kirchhoff’s laws of electrical networks. 
 

(b) Teachers should encourage students to do effective revision by 

giving them adequate tests and examinations in order to improve 

their speed in attempting examinations. They should also be given 

group assignments, home works, project works, field 

excursions/trips which in turn promote the spirit of learning through 

participation. 
 

(c) Teachers should teach using experimentations and demonstrations 

to assist students in acquiring and grasping the concept, knowledge 

and skills in the topics of Mechanics and Heat, which were 

performed averagely. 
 

(d) Teachers should guide students and make a close follow up to help 

each student during classroom teaching and learning. 
 

(e) Students have to prepare well in each topic by reading various 

Physics books and journals to improve their understanding of the 

concepts, theories, principles and laws. 
 

(f) Students should practise effectively on how to identify the demand 

of the questions especially those which require explanations in 

order to improve language competencies.  
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Appendices 

Appendix A 

CANDIDATES’ PERFORMANCE IN EACH TOPIC ON THE YEAR 

2019

 
 



134 

Appendix B 

COMPARISON OF THE CANDIDATES' PERFORMANCE ON EACH 

TOPIC BETWEEN 2018 AND 2019 
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1 Fluid Dynamics 1 86.6 Good 1 88.3 Good 

2 Measurement 1 81.5 Good 1 86.1 Good 

3 
Properties of 

Matter 

2 53.5 Average 1 80.9 Good 

4 Electrostatics 1 37 Average 2 72.3 Good 

5 Electronics 3 53.2 Average 3 69.2 Good 

6 
Vibrations and 

Waves 

2 64.3 Good 2 68.6 Good 

7 
Environmental 

Physics 

1 24.2 Weak 1 64.4 Good 

8 Electromagnetism 1 43.5 Average 1 63.2 Good 

9 Atomic Physics 2 57.8 Average 2 59.2 Average 

10 Mechanics 5 42 Average 5 58.6 Average 

11 Heat 2 55 Average 2 51.2 Average 

12 Current Electricity 2 20.9 Weak 2 32.3 Weak 
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Appendix C 

COMPARISON OF THE CANDIDATES' PERFORMANCE IN GRADES 

BETWEEN 2018 AND 2019
 

 
 

 




