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OPERATIONAL DEFINITION OF TERMS

Computer Assisted Instruction: Is an interactive instructional technique whereby a
computer is used to present the instructional material and monitor the learning that takes
place.

Lecture Method: Is a traditional method of talk and chalk method of teaching in which the
teacher does most of the talk, while students listen and write note.

Academic Achievement: Something has been accomplished by superior ability; special
effort; Great courage; or a great or heroic deed; it is the art of achieving; attainment or
accomplishment.

Low Ability Students: They are the group of students who performed poorly in tests,
examinations and are easily distracted and less able to set about tasks in an organized manner,
less able to control their own basic impulses and their destines.

Medium Ability Students: These are group of students who can only record an average
achievement, not because they are not capable of doing better, but partly because they cannot
put in extra effort to attain better achievement.

High Ability Students: These are students who did not ascribe their fate to luck or to
vagaries of chance but rather to their own personal decisions and efforts.

XV



ABSTRACT.

The study investigated the effect of computer- assisted instruction on academic achievement
of Nigeria Certificate in Education Physics students of different abilities, in Niger State,
Nigeria. Six research questions were raised and six null hypotheses were formulated to guide
the study. The study adopted pretest and posttest quasi experimental control group design.
Two hundred and eleven (211) NCE 11 students from the two colleges of education in Niger
State were used as research sample. Purposive sampling techniques was used to choose the
two schools while balloting method was employed to assign the colleges into experimental
and control groups. The researcher developed computer- assisted instructional package on
Mechanics and Properties of Matter which was used as treatment instrument for experimental
group while control group were exposed to traditional (lecture) teaching method. The
instrument for data collection was Mechanics and Properties of Matter Achievement Test
(MPMAT) which was validated by experts in science education. A 40- items multiple choice
objective type achievement test covering six topics in Mechanics and Properties of Matter
was used to collect data for both pretest and posttest. A reliability coefficient of 0.78 was
obtained using the data collected from pilot test and analyzed using Pearson’s Product
Moment Correlation Coefficient (r). The data of the first five hypotheses were analyzed using
t- test and the sixth hypothesis was analyzed using one way Analysis Of Variance (ANOVA)
statistics. The findings of this study revealed that experimental group performed better than
the control group, no statistically significant difference in the performances of both male and
female students taught using CAIl which implies that it is gender friendly and there is no
significant difference in the academic achievement among low, medium and high abilities
taught using CAI. It was recommended among others, that Physics Lecturers should use
computer software in teaching physics in order to enhance student’s achievement in physics
and Physics Lecturers should acquire computer literacy, so that he/she can develop any
computer assisted instruction package.

XVi



CHAPTER ONE
THE PROBLEM
1.1 Introduction
The world is becoming more sophisticated technologically. The industrial age gave
way to information age, an info-tech era which is as vital as the water we drink because this has
brought positive changes to the society, business, education and other facets of human life. In
fact, the educational sector is not exempted from the benefit of participation in an information-
rich computerized society. To keep to date with the emerging technological changes at the
national, regional and global environments, our present educational system is continuously
upgrading its resources through the modernization of the various elements of the system.
Modernization can be pursed through the introduction of modern instructional aides and
materials such as multimedia gadgets like computers, CD-ROM, TV, internet among others
(Caday, 2004). Linn (2003) stated that information and communication technology had had a

convoluted but ultimately advantageous impact on science teaching.

Computers offer exciting approaches to teaching that were not even dreamt of two
decades ago, but the extent to which the educational potential of computer technology will be
realized remains to be seen (Amara, 2006). Computer technology has caught the attention of
many researchers and educators and computer-based instructional applications are considered
effective alternative to traditional teaching method (Yushau, 2006). Research findings explicitly
reported that science education and computer technology had created a meaningful partnership
over the century (Flick & Bell, 2000). Thomas (2001) argued that very little was known about

the use of computer in science classrooms and its effects on students’ learning. It is obvious that



the current trends in research all over the world involve the use of computer facilities and
resources to enhance students’ learning. This may be the reason why Handelsman, Ebert-May,
Beichner, Bruns, Chang, Detloan, Gentile, Lauffer, Stewart, Tilghman and Wood (2004: 521)
opined that “many exercises that depart from traditional method are now readily accessible on
the web”, even though teachers did not use these facilities. They further showed that the
interactive approaches to teaching significantly enhanced learning. Computer and Science are
inseparable transformational tool for increased productivity, income generation and security

awareness.

Physics, which is one of the science subjects, is highly needed for our nation’s
technological breakthrough (Agommouoh & Nzewi, 2003). According to Okeke (1997), Physics
is the heart of science and the hub of all technological activities. For a nation to develop a sound
basis for modern technology, the study of Physics enhances an understanding of the inter-play of
forces in nature and forms a veritable amour against superstition which muddles technological
advancement anywhere (Agommuoh & Nzewi, 2003). In addition, Danjuma (2008) stated that
Physics as the soul of science plays a vital role in all human endeavour and serves as a pre-
requisite for courses such as medicine, geology, computer engineering, forestry, space

navigation, agricultural science, pharmacy, among others.

Research findings of Bunkure (2007) indicated that CAI enhanced students’ achievement
in physics but teachers did not often use it. Rather they used lecture methods and thus, there is
the need to try a new teaching strategy in line with global trends of using CAl, especially for

science teaching. Advancement in science and technology has recently changed the education



systems in societies. The increasing importance of skilled persons not only as users of
knowledge but producers of knowledge puts additional responsibilities on the educators of
science, (Gonen, Kocakaya & Inan, 2006). In the same vein, Kadioglu, 1996; Ayas & Ozmen,
1998; Ozmen, Ibrahimoglu and Ayas (2000) stated that physics, chemistry and biology have
many theoretical concepts that are difficult to understand by students, and if not properly taught,
students will encounter a lot of misconceptions that may alter learning. It is also known that
students do not or rarely link the knowledge gained from those sciences to their daily lives. In a
related development, Sahin and Parim, (2002); Saka and Cerrah, (2004) stated that in education
and learning process, traditional education and the existing educational materials neither helped
to solve the existing problems nor assisted in the development of conceptual learning.

However, the researcher observed that the use of CAI instruction creates and sustains
students’ attention and curiosity in the learning process. The use of CAl is also likely to enhance
the learning of Physics concepts. In addition, with the use of computers in education most of the
knowledge which is related to natural phenomena is now available in the computer environment.
This is why teachers should use computers as a teaching tool in order to give the students the
ability to visualize in a three-dimensional form, the physical phenomena of some concepts
(Soylu & bis, 1998).

Gender roles can be referred to as the roles and relationships between men and women in
a given situation. On the issue of gender on students’ achievement in science subjects, Shaibu
and Mari (1994) found that there was no statistically significant difference between boys and
girls’ ability to solve problems requiring their understanding of process skills. Also James
(2000), Olorukooba (2001) and Bichi (2002) in their various studies found that there was no

statistically significant difference between boys’ and girls’achievement in science with reference



to their exposure to activity-based method of instruction in science. Therefore, this study
investigated the effect of CAl on gender among different ability levels of NCE Physics students
in Niger State.

Lecture method is the teacher-centered method, which is seen as the traditional talk-
chalk method of teaching. Here the teacher does the talking while students serve as receiver only
by listening and taking down notes. Obeka (2009) described lecture method as a teacher-centered
method. He further stressed that the method enhances acquisition of subject matter pre-
dominantly under the memorization and close supervision of the students by the teacher. Lecture
method is one of science teaching instructions that encourage rote learning and regurgitation of
information without necessarily facilitating understanding, and this does not enhance academic
achievement in science (James, 2000, Bichi, 2002 &Usman, 2008). Though this method has
some disadvantages, teachers often use it. Therefore, there is need to try an alternative teaching
strategy such as CAl in line with global trends.

There are students with different academic ability levels, which are categorized as
low, medium and high ability levels. Students with marks from 0% to 39% are low-level ability;
those with 40% to 69% are middle-level ability and those with 70% and above are high-level
ability (Ofonime, 2007). According to Hummel andSprinthal, (1965) and Ashilley (2001), low
level ability students are said to be the group of students who perform poorly in tests and
examinations, are easily distracted, less able to set about tasks in an organized manner and less
able to control their own basic impulses and their destines. Ofonime (2007) also described the
low-level ability students as students whose academic potentials are judged below class average
while their achievement is described as poor. On the other hand, the high-level ability students

were referred to by Collia (2002) as those students who did not ascribe their fate to luck or to



vagaries of chance but rather to their own personal decisions and efforts. Ofonime (2007) further
stressed that the high-level ability students as whose academic potentials are above class average
and their achievement described as good. Some studies were carried out on teaching strategy on
academic achievement without considering ability level on how CAI would enhance students’
achievement at NCE level while other studies were focussed on SSS. The Computer-Assisted
Instruction (CAI) was used in this study to see whether it would improve the academic

achievement of NCE physics students of different ability levels.

111 Theoretical Framework

The theoretical basis that guided this study on the effect of computer-assisted
instruction on academic achievement among NCE Physics students of different ability levels is
the constructivism theory of learning. Constructivism which means the ability of an individual to
construct ideas can be applied to the use of computers to enable the students learn some concepts
like the structure of atom, wave formation and many other related concepts. Thus, students can
learn best when they actively construct through their own understanding. In fact, CAI can help
students to build meaningful relation between what they know and what they are setting out to
learn. Constructivists consider learning to be a result of mental construction although students
learn by fitting new information together with what they already know.  However, Vygotskii
(1978) observed that we can distinguish between “Cognitive Constructivism” which is about
how the individual learner understands things, in terms of developmental stages and learning
styles, and “Social Constructivism” which emphasizes how meanings and understanding grow
out of social encounters. Thus, Constructivism can be described as a dynamic and interactive

conception of human learning which essentially holds the view that scientific knowledge is



personally constructed and reconstructed by the learners, based on their experiences. This is
because learners bring to the class ideas which affect new information they receive and what
they learn. Therefore, learning results from interaction between their previous knowledge and
what is experienced during learning. Thus, in the constructivist model of instruction, students
redefine, reorganize, elaborate and change their initials concepts through interaction among
themselves and their environment (Nwosu, 2003). The experiences involved in CAl require that
students redefine, reorganize, elaborate and change their initial concepts through interaction with
computers which agree with the constructivist theory.

Therefore, the researcher used Computer-Assisted Instruction (CAl) to investigate its
effect on the academic achievement of Physics students of different ability levels at NCE in

Niger State, Nigeria.

1.2 Statement of the Problem

Generally, poor achievement of students in the science subjects has been a subject of
concern to many stakeholders in education (Olorundare, 1993 & Olatoye, 2002). According to
West African Examinations Council’s (WAEC 2006, 2007 & 2008) examiners reported low
enrolment and poor achievement of secondary school students in science subjects. In addition,
most of the Physics teachers at secondary school levels were NCE teachers. The achievement of
Physics students in the external examinations conducted by WAEC or NECO were largely
disappointing as revealed in the reports of WAEC chief Examiners often (Ogunneye, 2003).

Available evidence shows that not much work has been done on the effect of using
Computer-Assisted Instruction (CAI) on academic achievement in science with regard to the

ability levels of students. And therefore, without considering ability levels of students, poor

6



academic achievement in Physics may still persist. Many studies in published literature indicated
that there was a strong relationship between the use of computers and students’ academic
achievements in teaching and learning processes (Altun, Yigit & Alev, 2007). For instance, Yigit
(2005) found in his study that computer-assisted instruction had positive impact on students’
perception about computer-supported instruction as well as on to their academic achievement.
Therefore, the problem of this study is to look at the effect of Computer-Assisted Instruction
(CAI) on the academic achievement of NCE Physics students in relation to their ability levels in

Niger State, Nigeria.

1.3 Objectives of the Study

The study was designed to determine:

1 Whether there is any difference in academic achievement of Physics students taught
with CAl and those taught with lecture method at NCE level.

2 If there is any difference in academic achievement between low ability level Physics
students taught with CAI and those taught with lecture method at NCE level.

3 Whether there is any difference in academic achievement between medium ability level
Physics students taught with CAl and those taught with lecture method at NCE level.

4 If there is any difference in academic achievement between high ability level Physics
students taught with CAl and those taught with lecture method at NCE level.

5 If there is gender difference in academic achievement between Physics students taught

using CAl at NCE level.



6 Whether there is any difference in academic achievement among Low Ability (LA),
Medium Ability (MA) and High Ability (HA) level Physics students taught with CAlat

NCE level.

14 Research Questions
The following research questions were set for answering;

(1) What is the difference between academic achievement of Physics students
taught using CAl and those taught using lecture method at NCE leve?

(2) Is there any difference in academic achievement between low ability level
Physics students taught using CAI and those taught using lecture method at
NCE level?

(3) What is the difference in the academic achievement between medium ability
Physics students taught with CAl and those taught with Lecture method at NCE
level?

(4) Is there any difference in the academic achievement between high ability
Physics students taught with CAI and those taught with Lecture method at NCE
level?

(5) What is the difference in the academic achievement between male and female
Physics students taught with CAl at NCE level?

(6) Is there any difference in the academic achievement among low ability (LA),
medium ability (MA) and high ability (HA) level students taught with CAI at

NCE level?



15 Hypotheses
The following hypotheses were formulated at 0.5 level of significance to answer the stated
research questions,

Ho1: There is no significant difference in the academic achievement between Physics

students taught using CAI and those taught using Lecture method in Physics at NCE level.
Ho2: There is no significant difference in the academic achievement between low ability students
taught using CAI and those taught using Lecture method in Physics at NCE level.
Hos: There is no significant difference in the academic achievement between medium ability
students taught using CAI and those taught using Lecture method in Physics at NCE level.
Hoa: There is no significant difference in the academic achievement between high ability
students taught using CAI and those taught using Lecture method in Physics at NCE level.
Hos: There is no significant difference in the academic achievement between male and female
students taught using CAl in Physics at NCE level.
Hos: There is no significant difference in the academic achievement among low ability, medium

ability and high abilitystudents taught using CAl in Physics at NCE level

1.6 Significance of the Study
The findings of the study would hopefully uplift the standard of Physics education in the
following ways:
The study would contribute to the improvement of teaching and learning of Physics
in Nigeria’s institutions of learning. That is to say it would help to improve teacher effectiveness
and confidence in the classroom during instruction and hence improve students’ achievement in

Physics concepts.



It would promote further research. For example National Institute of Physics (NIP),
National Educational Research Council (NERC), Science Teacher Association of Nigeria
(STAN) and private individuals that carry out research, discuss and disseminate research
findings might wish to consider the result of this research work with a view to using the CAl to
promote further research.

It would encourage active participation of the students in teaching and learning of
Physics which would lead to meaningful learning outcomes, to stimulate the curriculum
developers and administrators to encourage lecturers in all subject areas to acquire skills and
attitude for developing CAI instructional materials for teaching, to enable administrators of
higher institutions to organize and sponsor workshops, seminars and in-service trainings for their
lecturers with a view to making use of CAl as one of the methods of teaching at NCE level.

Learning difficulties may be reduced using CAI and this will help to remove the
abstractness of some concepts. Fellow researchers will benefit from the findings of this study by
gaining access to recent literature and to be acquainted with present solutions of using CAIl in
teaching Physics at NCE level. This study would also serve as a foundation for further studies in

the teaching of Physics.

1.7 Delimitation of the Study

The study was delimited to two colleges of education in Niger State i.e. Federal
College of Education, Kontagora and Niger State College of Education, Minna, because they are
the only Colleges of Education in the state. The Colleges selected were accredited by National
Commission for Colleges of Education (NCCE) and were similar in terms of academic activities,

quality of staff and infrastructure. The study was limited to Physics students in NCE 11 (200

10



Level) of the two Colleges of Education under study.The study was also limited to Mechanics

and Properties of Matter with the following concepts: Inertial of Rigid body, Energy and

Gyration of Rigid body, Angular Momentum, Gravitation, Surface Tension and Oscillatory and

Circular Motion.

1.8

Basic Assumptions

For the purpose of this study, the following assumptions were made:

1.

2.

Computer Assisted Instruction is not used in teaching physics in the selected schools.
The study sample i.e NCE Il students of different ability levels have been taught by
qualified physics teachers.

The concept under study have been taught using NCCE minimum standard syllabus.
The Colleges are homogenous in the area of provision of equipment, instructional

materials, staff qualification, motivation and students enrolment.

11



2.1

CHAPTER TWO

LITERATURE REVIEW

Introduction

This study aimed at assessing the effects of Computer-Assisted Instruction on the academic

achievement of different ability levels in Nigeria Certificate in Education Physics students in

Niger State. In this chapter, the researcher reviewed related literature to the study undertaken

under the following sub-headings.

2.2

Physics as a Teaching Subject at Secondary School Level.

Science Teaching Strategies.

Science Teaching Strategies and Academic Achievement in Science
Computer - Assisted Instruction (CAI)

Conventional Lecture Method.

Concept of Ability Levels

Ability Levels and Students Academic Achievement in Science.

Gender and Academic Achievement in Science.

Overview of Similar Studies on CAl and Academic Achievement in Physics.

Implications of Literature Reviewed on the Present Study

Physics as a Teaching Subject at Secondary School

Physics is a physical science that deals with the study of matter in relationship with

energy. It has many branches that include mechanics, optics, heat, electricity, magnetism, nuclear

physics, solar energy, plasma physics to mention but few. There is a very close association

between physics and the four basic needs of man, which includes food, shelter, medical services



and security (KanKia, 2007). Ogunniyi in Olugbenga and Atadoga, (2007) stated that the
objectives of teaching physics in Nigerian secondary included: the development of the spirit of
inquiry, the understanding or holding valid view of the nature of science, imparting of scientific
literacy, the transformation of the environment and production of individuals who are self-
reliant. These objectives also enable students to acquire sufficient proficiency in Physics
education to enable them to progress as effectively as possible in all subjects in the school

curriculum.

Adeyanju (2006) asserted that Physics maintains a leading position among other
educational disciplines because knowledge and good achievements at it are necessary for a study
in information communication and technology, which is much sought after the world over.
Physics is also a prerequisite for studying any discipline in science (pure and applied),
engineering and the environment. These among others underscore the importance of this subject.
Olugbenga and Atadoga (2007) said that Physics is one of the important science subjects for
further career development in science related disciplines. The wholistic educational development

of our children will be crippled by their inability to pass Physics.

According to Leake (1982), in Nigeria as well as in most developing countries, Physics is
considered an important subject and is taught during the last three years of the secondary school
level, as a single subject. Notwithstanding the importance of physics to technological
development, students in secondary schools tend to show a negative (poor) attitude towards it.
Ayuba (2010) stated that Physics is the bedrock for scientific and technological advancement, the

development of manpower in the country and it will be impossible to have a sound knowledge of
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the subject if it is not properly taught and learnt in the nation’s secondary schools. The National
Task Force on Teacher Education in Physics (NTFTEP) 2010 notes that without a strong Physics
education, differences in middle school science achievement between students in the U.S and in
other industrialized nations cannot be bridged easily during the high school years especially in
view of our anaemic production of well qualified Physics teachers. The need to study Physics as
expressed by Owolabi (1999) is that the secondary school Physics curriculum was developed to
improve understanding of concepts, functionality and application of Physics concept to everyday
life.

In National Policy on Education (FME, 2004), the objectives of teaching Physics at the
secondary school level as expressed in the curriculum are to:

e provide basic literacy in Physics for functional living in the society,

e acquire basic concept and principles of Physics as a preparation for further studies,

e acquire essential scientific skills and attitudes as a preparation for the technological

applications of Physics, and

e stimulate and enhance creativity.
Apart from the acquisition of basic concepts and principles of Physics as a preparation for further
studies, which is meant for people pursing science-related discipliners, other objectives cover
every aspect of human endeavour.

Ogunneye (2003) noted that the study of Physics has been and will continue to be of
tremendous importance to humanity for its ability to explain natural phenomena and everyday
occurrences as well as its central role in the world’s current technological development. Atadoga
(2001) observed that Physics is an aspect of science that helps to explain the cause-effect

relationships of matter and energy, and their application to natural phenomena. Physics helps to
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transform the world. Physics draws awe and respect from people because of its contribution to
knowledge, growth and development of individuals in particular and the society in general. The
numerous applications to which Physics concepts are being put to improve man’s environment
make it occupy a unique position among other science subjects (Grant, 1998).Though, the
subject (Physics) contributes much to man’s existence, it enjoys the least popularity among
secondary school students, mostly because it involves calculations which most students do not

like (Ogunneye 2003 ).

Agommuoh and Nzewi (2003) observed that the present mode of teaching Physics in
secondary schools whereby teachers mostly adopt the lecture method does not in any way
provide for systematic learning experiences. Ogunleye (1993) observed that the heavy
dependence of the subject on mathematics makes Physics a subject that is dreaded by many
students in the secondary school system. Abdullahi (2004) observed that the difficulty in the
understanding of Physics concepts centres around such factors as poor comprehension of Physics
textbooks which is the major source of information on the subject, abstract nature of the subject
and the method employed in teaching it. Abott (2000) observed that a major cause of difficulty in
learning Physics concepts at ordinary level (secondary school) was the teaching methods
employed during instruction. Researchers observed that Nigeria cannot develop scientifically and
technologically or sustain it present level of development if she kills and buries Physics at the

secondary school level.

According to Atadoga (2001) science and other sources of knowledge are built upon the

foundation laid at the primary and secondary education levels. It is expected that it is from
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among the students at these levels that future scientists, doctors, engineers, technologist etc
would emerge. But if the foundation is weak at the primary and secondary levels, then the entire
system is likely to collapse. Mankilik and Inyang (2009) in their survey on the attitude of
secondary schools students towards Physics in some schools in Zaria, Kaduna state found out
that students generally considered Physics a difficult subject. Among other handicaps that force
them to drop the subject eventually is their lack of understanding of the subject because of the
way it is taught. This study, therefore, set out to investigate the effect of Computer-Assisted
Instruction (CAI) on Academic achievement of different ability levels of Nigeria Certificate in
Education Physics students to see whether it would improve on the teaching of physics at

secondary school level.

2.3 Science Teaching Methods

For any meaningful learning and teaching to take place, there should be suitable means of
presenting the content to the learners at all levels of education. The means or strategies of
presenting the content to the learners depend on the familiarity with the basic principle of
effective teaching method in science. Bichi (2009) stated that the basic principles of effective
pedagogy in science teaching include mastery of science contents, wise use of instructional
methods, knowing the psychology of the students, teacher’s knowledge about himself and
conducive environment for learning. He further stated that basic principles to note are: the more
child-centred a method is, the better is the learning outcome; the more teacher-centred a method
is the less effective learning outcome is. Teaching methods on a continuum are lecture method,
demonstration method, discussion method, project method, laboratory activity method, inquiry

method, discovery method, process method, and problem solving.
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The Demonstration Method can be used in teaching various subjects like science,
religion, mathematics and others. The teacher is to teach a subject by demonstration while his
students follow the procedure. Questions can be entertained after the demonstration excise
(Bichi, 2009). Demonstration supplements the effort of the teacher; where he talks less, he can
only demonstrate and instruct his students to do the same. In some cases, the teacher can invite a
specialist to give practical demonstration. Gbamanja (1989) described the demonstration method
of teaching as a technique or a method used to assist students to discover the concept of metal
where the teacher needs to demonstrate the physical and chemical properties of several different
metals. In addition, in the laboratory for example, the teacher needs to demonstrate the use of a
microscope to the class before letting the students use it to discover things themselves. When a
science teacher shows the action of carbon dioxide on a piece of moist blue litmus paper, he or
she is presenting a demonstration. Likewise a teacher may demonstrate the dissection of a toad or
of a rabbit to the students in the laboratory or classroom before students do it themselves.

The Project Method is a teaching approach which allows students to identify and choose
a piece of work, topic or a problem to investigate. Here, students are allowed to go out to obtain
relevant information for the purpose of the project. The Project method is entirely student-
centred and students could either work individually or in groups. The teacher’s role is to monitor
how the project is being executed, give encouragement and offer assistance when necessary. At
the end of the project, students are expected to write their report. It is important that students’
reports are discussed in class. Since this method enables them to carry out an investigation on
their own, it leads students to develop science process skills, stimulate the development of

scientific attitude and of course facilitate meaningful learning of science.

17



The Inquiry Method is seen by Author & Robert (1975), who identified three types of
inquiry methods of teaching science. They are the teacher guided inquiry, the modified inquiry
and the free inquiry. The teacher guided inquiry is a method of inquiry in which instruction is
carried out through the teacher’s guide. The following are some of the advantages of inquiry-
orientated approach to teaching as outlined by (Author & Robert, 1975).

I Instruction becomes student-centred. This is because students carry out

investigation themselves.

ii. Students develop more interest in the lesson because they are actively involved.

iii. Inquiry learning builds in students self concept. That is, students are willing to

take explore, tolerate minor failures and learn science.

The Guided Discovery Method is an approach in science teaching which was postulated
by Brunner (1961). The approach enables students to get firsthand experience in getting facts,
concepts, principles and processes by using mental process and manipulating scientific
equipment and materials. Brunner believed that a child who is exposed to the guided discovery
gets four (4) benefits. These are:

I There is a shift from extrinsic to intrinsic motivation.

ii. There will be an increase in intellectual attainment.

iii. The learning of the discoveries is valuable to students’ investigation processes.

(\2 Discovery learning and memory of the child.

Cronbach (1963) said discovery learning is mental assimilation by which the individual
grasps a concept or principle resulting from physical and mental activity. In this method, the
teacher ensures that the students have a chance to form concepts by studying objects leading the

student to make generalizations. In guided discovery method of teaching, concept formation is
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the main purpose. The Guided Discovery Method is applicable to virtually all areas of teaching
and the types of activities in which the students are involved, vary from topic to topic and with
the age and ability of the student. The amount of guidance the students receive from the teacher
also varies but is never excessive. Guided discovery is a method of teaching that encourages
mental skills development of students as well as their observing, measuring, classifying ability
and so forth (James, 2000 & Usman, 2000).

The Problem-solving Method is an instructional strategy in which problems (scientific in
nature or related to the real world) are carefully formulated and presented to students (Bichi,
2002). In the process of solving problems, students interact with one another using instructional
materials and ultimately construct knowledge and acquire the process of science. The Problem-
solving method is a way of helping students to see the personal relevance and the applicability of
the science they learn. Bichi (2002) said that problem-solving provides opportunities for student
to work as scientists, investigating phenomena in a systematic way and finding solutions to
scientific problems. Problem-solving promotes investigative thinking in children (Awodi, 1984)
and it enables the learner to experience new ideas (Schwaab, 1962). Problem-solving process is
interesting, challenging and therefore motivating (Oyedokun, 1998).

The Laboratory Activity Method is an activity performed by an individual or group of
students for the purpose of making personal observations or processes, products or events. It has
been used in teaching science as:

I a means of verifying principles, laws or theories,
ii. practising one or more cognitive skills such as ability to observe, classify,
measure, interpret data, etc and

iii. To determine the relationship between causes and effects, (Abdullahi, 1982).
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These science teaching strategies provide the prospective science teachers with necessary
experiences in classroom setting to develop scientific skills in students.

Discussion method is a two-way interaction method. To a large extent, it is student-
centred since students participate actively. The learner should take a moment to list some of the
positive outcomes he has achieved by using discussion in class. It increases curiosity about the
subject, enhances a more positive perception of students about the value of the subject. To get
information on what to contribute during discussion, students need to spend more time reading.
Students seem to attend classes regularly if they enjoy the lessons especially when they are less
formal. Discussion facilitates higher levels of thinking, accommodates conflict, negotiation and
consensus, and enhances learning and longer retention (Bichi, 2009). Although the discussion
method is effective, it could be time consuming and the classroom could appear noisy. If
discussion is not well moderated by the teacher the discussion could be dominated by a few
outspoken ones and sometimes the teacher may want to impose his own ideas on the class. The
objectives of a discussion can only be achieved if the teacher plays his role as a moderator
effectively.

The Questioning Technique is an act of making statements which require respondents to
make responses. In teaching and learning, questions are used to determine students’ readiness to
learn skills and concepts. When questions are appropriately used in the Physics classroom, they
encourage the learners to be at alert and active, to think and seek alternatives to responses.
Basically there are two types of questions adopted in teaching and learning process, which are
narrow and broad questions. Examples of narrow questions are: (i) how many colour has a rain
bow? (ii) what is the S.I. unit of mass? An example of broad questions, on the other hand, is:

give a scientific explanation to the saying that what goes up must come down (Bichi, 2009).
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These strategies promote meaningful teaching and learning of sciences in our schools. One of the
strategies is the Computer-Assisted Instruction (CAI) which this study compared with traditional
(lecture) method of teaching at NCE level among physics students of different abilities in Niger

State.

2.4  Science Teaching Strategies and Academic Achievement in Science

Several studies have been carried out on teaching strategies and academic achievement in
science. Yusuf andAfolabi (2010) observed from their research on the effects of Computer-
Assisted Instruction (CAI) on secondary school students achievement in Biology that the
achievement of students exposed to CAI either individually or co-operatively were better than
their counterparts exposed to the conventional classroom instruction. Kolawole (2003) observed
that concept-mapping instructional strategy could enhance students’ achievement in the sciences.
Chemistry students exposed to concept-mapping instructional strategy performed better than
those who were exposed to analogies instructional strategy while those exposed to expository

teaching method performed the least (Kolawole, 2003).

Owolabi (2007) worked on the use of analogy as a vehicle for achieving effective Physics
delivery in some selected senior secondary schools in Lagos. The study sample consisted of 112
senior secondary school (two) Physics students drawn from two randomly selected secondary
schools in Lagos, Nigeria. He used questions adopted from Owaseye (2000). The test was to
find out specific information regarding the concepts of mirror and lenses which many students
often confuse or use interchangeably. The result showed that the experimental group performed

significantly better then the control group after a posttest. It showed that there was statistically
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significant difference between the mean scores of experimental and control groups. This is an
indication that there was a significant influence of analogy on students’ achievement in Physics.

The findings of this study are relevant and a useful guide to the present study.

James (1991) studied the effectiveness of the inquiry verse lecture method of teaching
Biology in secondary schools. The result of the study showed that the inquiry method can
enhance students’ academic achievements better than lecture method. Lagoke (1992) studied the
analogical concept attainment by secondary school students using a constructivist framework.
The result showed that analogical linkage improved students’ academic attainment in Biology.
Ali (1982) studied discovery and expository task presentation by students in elementary
mathematics. The result showed that poor teaching method led to poor academic achievement. In
this study, the researcher carried out an investigation to see whether the CAIl method would
enhance the academic achievement of NCE Physics students with different ability levels at better

than the lecture method in Niger State.

2.5 Computer-Assisted Instruction

Computer-Assisted Instruction (CAI) is an interactive instructional technique whereby a
computer is used to present the instructional materials and monitor the learning that takes place.
It uses a combination of text, graphics, sound and video in the learning process (Onasanya,
Daramola & Asuquo, 2006). Computer-based learning has the potential to facilitate development
of students’ decision-making and problem-solving skills, data-processing skills, and
communication capabilities. By using computer, students can gain access to expansive
knowledge links and broaden their exposure to diverse people and perspectives (Bakac, Kartal &

Akbay, 2011). Many studies in the published literature indicate that there is a strong relationship
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between the use of computers and students’ academic achievements in teaching and learning
processes (Altun, Yigit & Alev, 2007). For instance, Yigit (2005) found in his study that
computer-assisted instruction has had a positive impact on students’ perception about computer

supported instruction as well as on their academic achievement.

Computer Assisted Instruction (CAI) can refer to virtually any kind of computer use in
educational settings including drill and practice, tutorials, simulations, instructional management,
supplementary exercises, programming, database development, writing using word processors,
and other applications (Cotton, 2001). The Association of Education Communications and
Technology (1977) has defined Computer Assisted Instruction (CAI) as a method of instruction
in which the computer is used to instruct the student and where the computer contains the
instruction which is designed to teach, guide and test the students until a desired level of

proficiency is attained.

Mills (2001) revealed that CAIl was found to be as effective as classroom instruction for
fact-based learning, but not as effective for topics requiring critical thinking or mathematical
problem-solving. In addition, the time required by learners to use CAIl was overall higher than
conventional classroom instruction. Students taught using CAIl performed better than students
taught using traditional instruction in a college setting (Akour, 2006). Similarly, college students
taught statistics using lecture-plus-CAl obtained higher averages at midterm and final
examinations than students taught using lecture method only (Bastrurk, 2005). Chang (2000)
reported a significant increase in scores on a measure of academic achievement when CAI on

arithmetic was used to teach addition and subtraction. These studies indicated that CAIl could
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have a positive effect on secondary students’ skills and achievement. In the first study, Stern and
Repa (2000) showed that CAIl was successfully used to teach social skills to teens enrolled in a
behaviour modification programme. In the second study, Dunn (2002) found that school
freshmen in the CAI treatment group scored significantly higher than the control group on a

measure of reading comprehension.

Some studies (Springer, 2002) further support the effects of CAIl on academic
achievement in delivering metric CAI ( as a proctored tutorial) to pre-service teachers and found
that those individuals who received the CAI performed significantly better on a metric posttest
than those students who received no CAl instruction. Jenks (2002) in comparing paging text and
scrolling text versions of a linear metric CAl module, found with both the paging and scrolling
treatments, that the pre-service teachers who scored low on the pretest had a much larger mean
improvement on the posttest than did the students who scored high on pretest. This could
indicate the linear metric CAl was effective as a remedial tool. Many studies showed that during
the teaching process, computer assisted applications aided the consolidation of attitudes and the

restructuring of the knowledge by students themselves (Baki 2002; Saka & Akdenize, 2006).

Computer-Assisted Instruction has been found to enhance students’ achievement than the
conventional instructional method in counsellor education (Karper, Robinson & Casado-kehoe
2005). Onasanya, Daramola and Asuquo (2006) stated that studies conducted by U.S.
Department of Education showed that CAl used in schools in the U.S.A had helped in increasing
the rate at which students learnt. Students receiving computer-based instructions tended to learn

more and faster. Their gains exceeded those in schools using the traditional method. Students
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receiving CAI based instruction also enjoyed their classes more and had better attitudes towards
computer. Studies have shown that students who went through active-engagement computer-
based activities did better than students who went through traditional instruction (Steinberg,
2000). Venkataiah (2004) observed that Computer-Assisted Instruction (CAIl) is an interaction
between a student, a computer and a software programme guided by the teacher for the purpose
of enhancing learning outcomes. Even though CAIl was expensive and mechanical, it was
considered to be a better teaching machine because of its flexibility and versatility. Furthermore,
it provided integrated experiences which varied from abstract to concrete; helped the teacher to
reduce repetition of words; improved students manipulative skills; improved visual perceptions

and retention of information by the learner.

Computer-Assisted Instruction (CAIl) is used to indicate the application of the computer
in the teaching and learning process. Tabassum (2004) indicated that it is the approach where the
computer acts as a tutor teaching new skills or concepts or providing practice for learners.
Thomas (2001) in Owusu (2009) indicated that when a new technology appears in market,
various arguments are made to indicate how that technology will enhance learning. In the light of
this, Tabassum (2004) stated that advocates of CAIl had high expectations for the computer as an

instrument for identifying and meeting individual needs.

Ives and Barron (as cited in Owusu, 2009) reported significant learning increases when
pre-service teacher worked in a paired condition using computer-based instruction that was
designed for learning. Chang (2001) produced mixed results, while the CAI group performed

better generally than the traditional (lecture) approach group. Nonetheless, the traditional

25



approach group performed better on test items involving computer application. Thus, while the
CAI group did well on knowledge and comprehension level items, the traditional approach group
did better on computer application level items. Imhanlahimi and Imhanlahimi (2008) found out

that the traditional method of instruction proved to be superior to computer-assisted instruction.

Agommuoh and Nzewi (2003) carried out a study on effects of videotaped instruction on
the secondary school students’ achievement in Physics. Their investigation revealed that the
achievement of students in Physics greatly improved with the use of videotaped instruction.
Computer-based instructional applications were considered an effective alternative to traditional
teaching methods (Leigh, 1996; Larkin, 2003). Kolawole (2003) reported that the use of concept
and vee-mapping strategies were more effective in teaching Organic Chemistry than the
conventional method of teaching and therefore charged that it was essential for Chemistry

teachers to utilize both instructional strategies in teaching Chemistry.

Tabassum (2004) revealed that the overall achievement of students taught by
conventional approach supplemented by CAIl was higher than those taught by conventional
approach only. She also found out that both high achievers and low achievers in the CAI
supplemented group performed better than low achievers in that same group. She therefore
concluded that CAI supplemented by conventional teaching proved to be more effective for high
achievement level students. However, Cotton (2001) in Owusu (2009) indicated that
comparisons between low-achieving and high-achieving students show that CAI was more
effective with lower-achieving students than with higher-achieving ones. She indicated that the

greater benefits experienced by lower-achieving students were largely due to the need these
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groups had for elements common to the majority of CAIl programme-extensive drill and practice,
privacy, and immediate feedback and reinforcement. In this study, Computer-Assisted
Instruction (CAI) teaching strategy was employed to find its effectiveness on achievement of
physics students with different ability levels at NCE level.

2.6 Conventional Lecture Method

Lecture Method is teacher-centred method, which is seen as the traditional talk — chalk
method of teaching. Here, teacher does the talking while students serve as receiver only by
listening and taking down notes. Obeka (2009) described lecture method as a teacher-centred
method. Several studies (Aminu, 1979; Balogun, 1982; Abdullahi; 1982 Akpan, 1983; Olarewaju
and Balogun, 1984; Gbamanja, 1991; Odubunmi, 1993; Okonkwo, 1999 and Ajeyalemi, 2002)
have shown that the teaching method used mostly in the teaching of science in our schools is the
lecture method. Gbamanja (1991) observed that in using lecture method, the teacher talks about
science while the students read about science. This lead to a classroom- teaching environment,
which is teacher dominated, didactic, textbook bound and examination-oriented.

Lecture method is a popular method of teaching whereby the teacher dominates the
period by doing the talking and student sitting and listening to him. Kelly (2009) affirmed that
lecture method, sometimes called the traditional method or expository method of teaching
involves the teacher using verbal presentation of ideas or concepts. In this method, the teacher
does much of the activity in form of talking and writing on the board while the students listen.
The effectiveness of this method is that it requires clear and good command of language, good
ability to write and allows for easy coverage of syllabus. On the alternative, it does not promote
meaningful learning. It appeals to the sense of hearing and seeing, which the learner can easily

forget. Lecture method is used to describe teaching in which a large part, or possibly the whole,
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of the lesson is occupied by the teachers in exposition and by the students in listening or taking

notes.

Paiko (2004) defined lecture method as a verbal presentation of subject matter content.
Similarly, he described lecture method as a strategy which involves the teacher talking, using the
chalkboard, questioning and explaining the required concepts. This implies that lecture method is
a way of imparting knowledge. No doubt the method is teacher-centred rather than child-centred
since it is the teacher that dominates the lesson with much talking. Garba (2004) stated that
lecture method is either called speech or lecture method for the fact that it is usually a formal
talk, prepared and organized in advance. However, lecture method is simply defined as the most
traditional and common form of teaching at higher levels of schooling. It is often over used, and
it has been criticized as an ineffective method of instruction. Lecture method is one a science
teaching method of instruction that encourages rote learning and regurgitation of information
without necessarily aiding understanding, and this does not enhance academic achievement in
science as observed by James (2000), Bichi (2002) and Usman (2008). Gbamanja (1991)
observed that in using the lecture method, the teacher talks about science while the students read
about science. This leads to a classroom-teaching environment, which is teacher dominated,
didactic, textbook bound and examination oriented. Therefore, in this study the researcher intend
to compare the lecture method with the Computer-Assisted Instruction method in teaching of

NCE physics students of different ability levels in Niger State.

A lecture is oral presentations intended to present information or teach people about a

particular subject, for example by a university or college teacher. Lectures are used to convey
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critical information, history, background, theories and equations. A politician's speech, a
minister's sermon, or even a businessman's sales presentation may be similar in form to a lecture.
Usually, the lecturer would stand at the front of the room and recite information relevant to the

lecture's content.

2.7  Concept of Ability Levels

Students of all mental abilities are found mixed in a classroom (Egelson, 1996). They are
given the same assignments and are required and indeed expected to do the same work. Ability
levels are of different types. Ability level is the degree of the exhibited capability of a student to
learn and comprehend a concept as well as solve problems in it (Peterson, 1980). Research Base
Information on Timely Topics magazine (RBITT, 2002) referred to two common forms of ability
grouping:

(1) within- class ability grouping, which refers to teachers’ practice of dividing students of
similar ability in small group, and

(2) the between-class grouping, which refers to schools’ practice of separating students into
different classes, courses or course sequences or curricula tracks based on their
achievement.

Students within-class grouping are by ability said to be homogeneously grouped, while
students of different ability lump or mixed together in ability classes are said to be
heterogeneously grouped. RBITT (2002) reported that within-class ability grouping consistently
produces larger gain than the mixed ability group and that the positive effects are slightly greater
for low achievers than the average or above average achievers. It is also reported that the cross-

grade ability grouping where students are regrouped for teaching across grade levels and the
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nongraded plan, where children are divided by achievement rather than age, produced greater

gain in achievement than the mixed-ability group class.

Collia (2002) identified three types of ability levels, via the high ability level, the middle
(average) ability level and low (under) ability levels. The high ability levels according to
Ofonime (2007) described the high ability level students as students whose academic potentials
are above class average and their achievement described as good. James (1991) ascribed the high
achievers as those students who perform well in test, assignments and examinations. Middle
(average) achievers, these are the group of students who according to Taylor (1999), Eledea
(2002) and Awe (2003) can only record an average achievement, not because they are not
capable of doing better, but partly because they cannot put in extra effort to attain better
achievement. They are, therefore, contented to remain average. For this reason, they content

themselves with the classroom learning without trying to access other information.

The low achievers (underachievers) as described by Hummel and Sprinthal (1965) and
Ashilley (2001) is the group of students who perform poorly in tests, examinations and also are
easily distracted and less able to set about tasks in an organized manner. They further stressed
that these students are less able to control their own basic impulses and their destines. Ofonime
(2007) also described the under-Achievers as students whose academic potentials are judged
below class average while their achievement is described as poor. Ayeremoi (2001) contended
that the underachievers (low achievers) need constant study, evaluation and help so as to reverse
their condition. Chadau (2002) identified the problem of the underachieving students to be one of

the more tragic dilemmas in education. Cotton (2001) in Owusu (2009) attributed the
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achievement of low achievers, after being introduced to CAl, to some characteristics of CAIl —
the exercises, privacy and the ability of students to learn at their own pace, the immediate
feedback and the ability to read over the material again. This gives the indication that CAI holds
great promise to low achieving students, teachers and parents. It implies that CAI can be used to
aid low achieving students to improve their achievement. In this study the researcher sought to
find out if the use of CAIl would improve the academic achievement of NCE physics students

with different ability levels in Niger State.

2.8 Ability Levels and Students’ Academic Achievement in Science

The high—ability students maintain interest in their studies in a homogeneous group but
they languished when grouped with the slow learners while opponent of ability grouping contend
that ability grouping not only fails to benefit any student as it also channels poor and minority
students to low tracks where they receive a lower quality of instruction than their groups and
contributes to a widening of the achievement gap. Emily, Robert, and Michael (2003) studies
revealed that if students are grouped homogeneously, there is the fear that low-ability students
will be deprived of opportunities to learn and be unmotivated to learn because of peer, personal
and teachers’ expectations of poor achievement. On the other hand Collia (2002) opined that it is
unethical to retard the achievement of high-ability students by assigning them to heterogeneous
group class settings where they might spend their time instructing other group members rather

than learning information they did not already know.

Afolabi and Akinbobola (2009) were of the view that physics students with low ability

level taught with problem-based learning technique performed significantly better than those
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taught with lecture teaching method. Also, student taught with problem-based learning technique
performed significantly better than those taught with lecture method. Adesoji (1995, 1997)
discovered that problem-solving strategies were effective in teaching students of different ability
levels. Okebukola (1992) confirmed that the use of appropriate instructional strategies could

influence the achievements of low achieving students.

Nwana (2008) pointed out that CAI is used to present instructional programmes to
students through interactive process and the students learn at their own pace. In the case of the
low learners, they are not rushed neither are the fast learners inhibited. In other words,
individualized instruction is enhanced. The findings of this study are relevant and serve as a
guide to the present study. Okebukola (1992) affirmed that the use of appropriate instructional
strategies could influence the low ability level students. It was discovered from the studies of
intellectual abilities by Alant (2004) that students of varying ability levels performed differently
depending on the type of method of instruction. Afolabi and Akinbobola (2009) submitted that
the ability levels of the students were found to actually influence the students’ academic
achievement. In this study therefore, the researcher carried out an investigation to see how the
use of CAI affect the academic achievement of physics students with different ability levels at

NCE level in Niger State.

29 Gender and Academic Achievement in Science

Gender is one of the factors interacting with achievement and studies on it have been
unresolved in their conclusions (Nussbaum, 2000). Some researchers found that male students

have a higher achievement than female students (Novak & Mosunda, 1991; Danmole, 1998).
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Usman (2000), reported that boys performed significantly better than girls in SSCE Physics
examination. Other studies confirmed the superiority of female students’ achievement over male
students (Mari, 1994 and Shaibu& Mari, 1997). Other researchers found no significant difference
between male and female achievement (Price, 1993; Bello, 1996; Nussbaum, 2000; Danmole &
Adebayo, 2004; Danmole & Femi-Adeoye, 2004).

Furthermore, there have been researches on the issue of gender and its effects on
performance of students. Many studies on gender have suggested that male achieved better
results in science than their female counterparts (Ojiaku and Woye, 2003). Etukudo (2002) in his
studies revealed that there was no significant gender difference in performance of junior
secondary school students when taught mathematics with the help of computer. Similarly, Odok
and Ablam (2006) found that there was no significant relationship between gender and
achievement in number and numeration, statistics and algebra, but a weak relationship between
gender achievement in geometry and trigonometry. In addition, Amelink (2009) indicated that
male students performed better in geometry and measurement, while female students performed
better in numbers and operations. Alhassan (2012) observed that there was significant difference
in the performance of male and female students when taught with CAI. He found out that the
male students performed better in geometry than the female students when taught with CALI.
Salahudeen (2012) observed that there was no significant difference in the performances of male
and female taught longitude and latitude using CAI at secondary schools in Minna Metropolis.
Hence, this study investigated the effect of computer-assisted instruction on academic
achievement of different ability levels in Nigeria Certificate in Education Physics students in

Niger State, Nigeria.
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2.10  Overview of Similar Studies on CAIl and AcademicAchievement

Owusu (2009) worked on effects of computer-assisted instruction on senior high school
students’ achievement in Biology in Ghana. The study used 75 senior high school (SHS) students
and adopted pretest, posttest quasi-experimental design. The findings revealed that the students
that were instructed by the conventional approach performed better on the pretest than those
instructed with the use of CAl. Also, the performance of low achievers within the experimental
group improved after they were instructed by the CAl and the CAI group did not perform better
than the conventional approach group, but the students in the CAI group showed positive
attitudes towards CAIl when they were interviewed. This study is relevant to the present study for
the fact that the study was on ability levels and it used the CAIl in Ghana, African country. This
study is on effect of computer assisted instruction on academic achievement among physics
students of different abilities in Niger State, Nigeria.

Tekbiyik, Konur and Pirasa (2008) conducted their study of effects of computer assisted
instruction on students’ attitudes towards science courses in Turkey using 125 students for the
study. They explained that an average student’s attitude towards science course moved from the
50™ percentile to the 75" percentile when computer assisted instruction was used. In other words,
a student’s attitude towards science improved after the student was exposed to CAIl. The study
used CAIl which is similar to the present study.

Owolabi (2007) worked on the use of analogy as vehicle for achieving effective Physics
delivery in some selected senior secondary schools in Lagos. The study sample consisted of 112
senior secondary school (two) Physics students drawn from two randomly selected secondary
schools in Lagos, Nigeria. He used questions adopted from Owaseye (2000) to find out specific

information regarding the concepts of mirror and lenses which many students often confused or
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used interchangeably. The result showed that the experimental group performed significantly
better and retained more of the concepts than the control group after a posttest. It showed that
there was statistically significant difference between the mean scores of the experimental and
control groups. There was significant influence of analogy on students’ performance in physics.
The findings of this study were relevance to the present study; it will save as guide to the present
study.

Salahudeen (2012) investigated the effects of Computer-Assisted Instructional package
on Learning of Longitude and Latitude among Secondary School Students in Minnna
Metropolis. The study used 120 Senior Secondary School (SSS) Students and adopted the pretest
and posttest quasi experimental control group design. The result revealed that the experimental
group performed better than the control group. Gender and age differences were found to have
no significant effect on the mean achievement of the experimental group. This study is relevant
to the present study in terms of instrument (CAl), gender and location and would serve as guide
to the present work.

In the recent study of Alhassan (2012) on effects of computer assisted instructional
package on achievement and retention in geometry among Junior Secondary School Students in
Minna Metropolis, the study used 80 Junior Secondary School (JSS) Students and adopted the
pretest, posttest quasi experimental-control group design. The finding revealed that the
experimental group performed better than the control group and male students performed better
than female students when taught geometry using computer. This study is relevant to the present
study that is the subjects are Nigerlites and CALl is used. The study also tried to see the effect of

computer assisted instruction on academic achievement of students similar to the present study.
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2.11 Implication of Literature Reviewed on the Present Study

Owusu (2009) investigated the effects of computer assisted instruction on Senior High
School Students’ achievement in Biology at Ghana. This study tried to see the effects of
computer assisted instruction on academic achievement of students. Owusu’s study is similar to
the present study, in the sense that it looks at the effects of computer assisted instruction on
academic achievement of students. This work was done at Secondary School level in Ghana,
while the current study is looking at such effects at college of education level in Niger State,
Nigeria. Owolabi (2007) studied the use of analogy as a vehicle for achieving effective Physics
delivery in some selected senior secondary schools in Lagos. This study is similar to the current
study, though it was on Physics students at secondary school in Nigeria, while the present study
is also working on Physics students but at NCE level in Niger State, Nigeria.

The studies of Alhassan (2012) and Salahudeen (2012) examined the effects of computer
assisted instruction on the academic achievement among secondary school students in Minna
Metropolis. They also made use of computer assisted instruction and their work is at Niger State,
which is similar to the present study. The reviewed showed that academic ability had played an
important influence on the academic achievement of students. Gender difference in some studies
had an influence on academic achievement while in some other studies, gender difference had no
influence on academic achievement. It was observed that many of the studies were focussed on
some part of science education, mathematics and social studies. Not many researchers have
looked into the effect of computer assisted instruction on academic achievement of different
abilities of Physics students in mechanics and properties of matters. In addition, most studies did

not examine students of colleges of education but focused on secondary school students.
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Furthermore, there are areas of differences between the literature reviewed in previous
works and that of the present study: Such differences include geographical scope of the study,
sample size, subject areas, instructional strategies, computer software and method of statistical
analysis. To the best knowledge of the researcher, most of the studies were conducted in
countries like Ghana, Turkey but few in Nigeria, while those in Niger State were not at NCE
level. This study therefore, examined the effects of computer assisted instruction on academic

achievement among Physics students of different abilities in Niger State, Nigeria.
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CHAPTER THREE

METHODOLOGY

3.1 Introduction.

This study investigated the effects of computer-assisted instruction on students’ academic

achievement of different ability level in mechanics and properties of matter among NCE 200

level Physics students in two colleges of education in Niger State. The chapter incorporated a

description of the following sub-headings.

Research Design.

Population.

Sample and Sampling Techniques.
Selection of Topics for the Study.
Instrumentation.

Mechanics and Properties of Matter Achievement Test (MPMAT).
Validity of the Research Instrument.
Pilot Testing.

Reliability of Research Instrument.
Item Analysis.

CAl as a Teaching Strategy.
Administration of Treatment.
Control Group.

Data Collection Procedure.

Data Analysis.



3.2 Research Design.

The study adopted pretest, posttest quasi-experimental control group design as
recommended by Kerlinger (1973). Two groups, experimental and control groups were used in
the study. The two groups were pretested using Mechanics and Properties of Matter
Achievement Test (MPMAT) before treatment in order to determine the entry level equivalence
in ability of the two groups. The experimental group was taught using Computer-Assisted
Instruction (CAI) (X1) while the control group was taught using lecture method (X). After the
treatment, Posttest was administered to the subjects of the two groups to determine the efficacy
on the use of Computer-Assisted Instruction compared to Lecture Method employed in the
teaching of the concepts. The same test was administered as pretest, and as posttest. The design

of the study shown in Fig. 3.1.

Research Design illustration.

Group 1: E > OlLMH » X3 > OZLMH

Group 2: C » O;"My > Xy »O,"M,

Group 1 = Experimental group.
Group 2 = Control group.
X1 = Use of Computer-Assisted Instruction (CAI) (Treatment)
X, = Lecture method (Control)
O;= Pretest Administration.
O,= Posttest Administration.

E = Experimental (Those exposed to treatment)
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C = Control (not exposed to treatment)
L = Low ability Level Students.

M = Medium ability Level Students.

H = High ability Level Students

Fig 3.1: Research Design Illustration.

3.3 Population.

The target population for this study consisted of all N.C.E 200 level Physics students of
the two Colleges of Education in Niger state. There are two Colleges of Education in the state, a
state owned College and Federal owned.

The total Physics students’ population in the two colleges at the time of the study is 211
students, consisting of 129 male and 82 female students. The colleges are co-educational and
offer Mechanics and Properties of Matter as courses in Physics (PHY 213). The breakdown of

the selected students used for the study is presented in Table 3.1.

Table 3.1: Population of the Study

INSTITUTION No of Physics Students Total No of Students
Male Female

FCE Kontagora 61 37 98

COE Minna 68 45 113

Total 129 82 211

Source: Examination Offices in both FCE Kontagora and COE Minna (2012)
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The colleges were accredited by the National Commission for Colleges of Education
(NCCE). The colleges were similar in terms of the curriculum used, manpower, and quality of

staff. The average age of students in the population was 20 years.

3.4 Sample and Sampling Procedure

The population was same as sample because there were only two colleges of education in
the state with a few students of Physics Education. The sampling technique used was the
balloting method (the first school picked was the control group and the second school picked
served as the experimental group). The technique was used to assign the colleges into
experimental and control groups, which were used for the study. The details of the sampling is

presented in Table 3.2

Table 3.2: Sample for the Study.

INSTITUTION No of Physics Students Total No of Students
Male Female

FCE Kontagora 61 37 98

COE Minna 68 45 113

Total 129 82 211

Source: Examination Offices in both FCE Kontagora and COE Minna (2012)
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3.5 Selected Topics for the Study
The topics to be taught were drawn from Mechanics and Properties of Matters course in Physics
(PHY 213) of the NCCE Minimum Standard (2010 revised version). The contents wrere as
follows:
e Inertia of rigid body.
e Gravitation.
e Surface Tension.
e Fluid Motion.
e Harmonic Motion.
These topics were selected for the following reasons:
e To maintain continuity and objective of the NCCE minimum standards for the NCE
students.
e The topics constituted the areas students perceived to be difficult. (External Moderator’s

report 2012)

3.6 Instrumentation

The instrument used for data collection on this study was the Mechanics and Properties of

Matter Achievement Test (MPMAT).

3.7 Mechanics and Properties of Matter Achievement Test (MPMAT)

Mechanics and Properties of Matter Achievement Test (MPMAT) was developed by the
researcher. Mechanics and Properties of Matter Achievement Test was used for the pretest and

posttest. The MPMAT test items were made up of 40 multiple choice questions with four
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options, to choose the correct option. Only one option was correct the remaining three options

served as destructors. The items covered the units taught.

Table of items Specified in Achievement Test

SIN Topics Total number of The questions
Questions

1. Inertial of Rigid body 6 1, 2,14, 15, 26, 27.

2. Energy and Gyration of Rigid body 6 3,12,13,31,32,33

3. Angular Momentum 8 4,5,6,21,37,38,39,40

4. Gravitation 7 7,18,19,20,34,35,36.

5. Surface Tension 8 10,11,16,17,25,28,29,30

6.  Oscillatory and Circular Motion 5 8,9, 22, 23, 24.

Total 40 40

The disparity in the number of questions from the each topic was baesd on the volume of

each topic.

3.8 Validation of the Instrument (MPMAT)

The MPMAT instrument with the marking scheme was validated by two senior lecturers
with minimum qualification of PhD from Department of Science and Science Education of
Federal University of Technology (FUT) Minna and two senior lecturers with minimum

qualification of PhD from Department of Science Education, Ahmadu Bello University Zaria
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respectively. They evaluated the instrument for its face and content validity for accuracy, clarity
and level of phrasing of the test items.

The experts validated the MPMAT instrument to ensure it was in consonance with the
NCE Physics syllabus. The instrument was also validated to ensure that it was appropriate and
served the purpose for which it was designed. The fifty (50) items instrument was validated for
the appropriateness of the questions in relation to the content of Mechanics and Properties of
Matter Il covered in the MPMAT. All the inputs and corrections were harmonised and used in
the production of the instruments for the study. Face validation was undertaken to determine
whether the MPMAT was appropriate or not. Face validity pertained to whether the test was
valid to the examinee who would take it. Content validation was similarly undertaken to see

whether the MPMAT instrument was in consonance with the syllabus.

3.9  Pilot Testing

During the pilot testing, two tests (Pre-Test and Post-Test) were carried out. NCE Il
Physics students of College of Education Zuba were used for pilot-testing of the instrument. The
aim of pilot study was to determine the characteristics of the test items which included their
facility and discrimination indices and the reliability coefficient. Fifty students participated in the

pilot study. The groups were mixed sexes.The result of the pilot study was used to:

I determine the number of weeks that would be suitable for conducting the study and
adequate time allocation for the test;

ii. assess the clarity of the items of the MPMAT;

iii. calculate the reliability coefficient of the MPMAT. Also the facility and difficult
indices were determined using the scores of the students.

44



Pearson's Product Moment-Correlation Coefficient was used to compute the reliability

coefficient which was calculated to be approximately 0.78.

3.9.1 Pretest Administration

Pretest was carried out using the instrument of the study, i.e. Mechanics and Properties of Matter
Achievement Test (MPMAT). The pretest was done to determine if the two groups were not
significantly different in their ability level. Also, the result was used to categorise the study

subjects as low, medium and high ability levels.

3.9.2 Reliability of the Instrument

The scores that were obtained from the pilot study were used to determine the reliability
coefficient of the MPMAT. The study employed test retest method on the scores obtained from
the Pilot study. After the first test, two weeks interval MPMAT was given for the second test

which is retest. This is in line with Tuckman (1978) in Atadoga’s (2001) recommendation.

On the basis of the data obtained from the pilot testing of achievement test, the
instrument used for this study was found to have a reliability coefficient of 0.78. This shows that

the instrument was reliable and used for this study.

3.10 Item Analysis of MPMAT

Item analysis was carried out on the scores obtained from the pilot study to determine the

facility and the difficulty indices of the items in MPMAT.
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3.11 Facility Indices.

The facility index (F1) of a test according to wood (1990) in Jiya (2011) is the percentage
of the students that got an item right. It was determined by using the formula.

100
1

Where R = number of correct responses
T = Total number of study
Furst (1958) in Atadoga (2001) recommended values within the range of 0.30 to 0.70 for
good test item values in assessing achievement. For the present study 0.30 to 0.70 was chosen for

the study.

3.12 Discrimination Indices.

The discrimination index/indices is the discriminating power of each of the test items or

is the ability to sort or separate between high and low ranking students in the whole test. The

calculation was done using scores of the top twenty seven percent (27%) and bottom twenty-
seven percent (27%) of the total respondents. This was calculated using the formula given by

(Furst (1958) in Atadoga 2001).

Ru_Ri

D, =

Where D = discrimination index
Ry = Number among upper 27% of respondents.

Ri = Number among lower 27% of respondents.
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N = total number of respondents.

The discrimination index with a range between 0.30 and 0.70 was regarded as moderately
positive and was accepted for the present study. This was used in selecting the final items of the

test MPMAT. Details of computation is given in Appendix C

3.13 Administration of Treatment

Before the treatment, pretest was administered to both experimental and control groups.
The experimental group was taught Mechanics and Properties of Matters using CAIl while the
control group was taught the same topics using lecture method. A lesson plan prepared was used

to teach the study subjects based on the topic selected as specified in selection 3.5 of chapter 3.

The CAI package was developed with the assistance of a computer programmer. The
need for the researcher-made computer package was based on the fact that the commercially

produced computer assisted instructional packages might not suit the objectives of the study.

The CAI package consisted of the same topics as in lecture method. The CAI package
was written in “Macromedia flash” that utilized the script symbolic instructional code (language)
animation and could accommodate interactive instructional process. The main menu consisted of
introduction instructional section, the topic and exit. The drill practice modes of the computer-
assisted instruction were adopted. It was an individualized programme in which the individuals
who reacted to the computer would have to make some entries. The terminology used in the
package was not different from those that the researcher used in the classroom, since this could
cause real problems of the terminologies differed (Andrews & Collins 1993). The format of CAI
tutorial was that concepts were presented, questions asked and students were encouraged to

progress.
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3.14 Control Group

During the treatment, Lecture Method was used for the control group as their treatment
factor and the results collected after the treatment through Mechanics and Properties of Matter

Achievement Test (MPMAT) were analyzed using t-test and one way ANOVA statistic.

3.15 Data Collection Procedure.

The response of the subjects to Mechanics and Properties of Matter Achievement Test
was scored using the marking scheme. Each correct response was scored one point with a
maximum score of 40 marks. The scores were collected and recorded based on each research

question, hypotheses and ability levels.

3.16 Data Analysis
The scores that were obtained from MPMAT were used for testing stated hypotheses 1 —
6. The statistical analysis was done as follows:

Ho1: There is no significant difference in the academic achievement between Physics

students taught using CAI and those taught using Lecture Method in Physics at NCE level.

Ho2: There is no significant difference in the academic achievement between low ability students

taught using CAl and those taught using Lecture Method in Physics at NCE level.

Hos: There is no significant difference in the academic achievement between medium ability
students taught using CAI and those taught using Lecture Method in Physics at NCE level.

Hoa4: There is no significant difference in the academic achievement between high ability
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students taught using CAI and those taught using Lecture Method in Physics at NCE level.

Hos: There is no significant difference in the academic achievement between male and female
students taught using CAl in Physics at NCE level.

Hos: There is no significant difference in the academic achievement among low ability, medium
ability and high ability level students taught using CAl in Physics at NCE level.
The first five null hypotheses stated were analyzed using t-test statistic to determine the effect (if
any) between the experimental and control groups and the sixth null hypothesis stated was
analyzed using one way ANOVA statistic. Significant level atP<0.05 was used to reject or retain

the stated hypotheses.
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CHAPTER FOUR

ANALYSIS, RESULTS AND DISCUSSION

4.1 Introduction

This study was carried out to investigate the effect of computer-assisted instruction on academic
achievement of different ability levels of Nigeria Certificate in Education (NCE) Physics
Students in Niger state. The analyses and results of the data collected and their discussions are
presented in this chapter. The data collected were analyzed using the Statistical Package for
Social Science (SPSS) and the level of significance adopted for decision taken on the stated

hypotheses at p < 0.05.

4.2  Data Analysis and Results

The instrument used for the data collection was Mechanics and Properties of Matter
Achievement Test (MPMAT) which was used to measure the students’ performance in the
pretest and posttest for both experimental and control groups. The data that were obtained in the

course of the study were:

i performance scores from pretest for both the experimental and control groups

ii. Performance scores from posttest for both experimental and control groups

4.2.1 Answers to Research Questions

The result is presented as follows:

Research Question 1: What is the difference between academic achievement of Physics

students taught using CAI and those taught using Lecture Method at NCE?
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The descriptive statistics such as mean and standard deviation was used to test this research
question and the summary of the results is presented in Table 4.2.1. The mean and standard
deviation of Pre-test result discussion is in Appendix E.

Table 4.2.1 Means and Standard Deviation of Post-test of the Experimental (CAl) and

Control (Lecture) Groups in Mechanics and Properties of Matters Achievement Test

(MPMAT).

Variable N Mean SD MD
Experimental group 113 66.22 14.26 30.04
Control group 98 36.18 8.17

Based on Table 4.2.1, the answer to question one which states: “What is the difference
between academic achievement of Physics students taught using CAl and those taught using
lecture method?” is that the mean score for the experimental group was 66.22 and that of the
control group was 36.18. This indicates that there is significant difference between the mean
scores of the experimental group (66.22) and the control group (36.18). The mean difference is
30.04 in favour of experimental group. Therefore, the answer to the research question one is that
there exist significant differences in favour of experimental group. To test whether there was a
significant difference or not in the mean score of the experimental and control groups, HO; was

used.

Research Questions 2: Is there any difference in academic achievement between low ability

level Physics students taught using CAl and those taught using Lecture Method at NCE?
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A descriptive statistics such as mean and standard deviation was used to test this research
question and the summary of the results is presented in Table 4.2.2. The mean and standard
deviation of Pre-test result discussion is in Appendix E.

Table 4.2.2 Means and Standard Deviation of Post-test of Low Ability Students of the

Experimental and Control groups in Mechanics and Properties of Matter Achievement

Test (MPMAT).

Variable N Mean SD MD
Experimental group 28 57.93 17.03 22.73
Control group 15 35.20 7.82

Based on Table 4.2.2, the answer to question two which states: “Is there any difference in
academic achievement between low ability level Physics students taught using CAIl and those
taught using lecture method?” is that the mean score for the experimental group was 57.93 and
that of the control group was 35.20. The mean difference is 22.73 in favour of experimental
group. The low ability students exposed to CAI had a higher mean score, an indication that the
students performed better on exposure to CAIl. This implies that the treatment had an impact on
the experimental group. Therefore, the answer to the research question two is that there exist
significant differences in favour of the experimental group. To test whether there was a
significant difference or not in the mean score of the experimental and control groups, HO, was

used.

Research Questions 3: What is the difference in the academic achievement between medium

ability Physics students taught with CAIl and those taught with Lecture Method at NCE?
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The descriptive statistics such as mean and standard deviation was used to test this research
question and the summary of the results is presented in Table 4.2.3. The mean and standard
deviation of Pre-test result discussion is in Appendix E.

Table 4.2.3 Means and Standard Deviation of Post-test of Medium Ability Students of the

Experimental and Control groups in Mechanics and Properties of Matter Achievement

Test (MPMAT).

Variable N Mean SD MD
Experimental group 61 68.59 12.45 33.94
Control group 54 34.65 7.58

Based on Table 4.2.3, the answer to question three which states: “What is the difference
in academic achievement of medium ability level Physics students taught using CAI and those
taught using lecture method?” is that the mean score for the experimental group was 68.59 and
that of the control group was 34.65. This indicates that there is significant difference between the
mean score of the experimental group (68.59) and the control group (34.65).The mean difference
is 33.94 in favour of experimental group. Therefore, the answer to the research question three is
that there exists significant difference in favour of experimental group. This shows the effect of
the treatment on the experimental group. To test whether there was a significant difference or not

in the mean score of the experimental and control groups, HO; was used.

Research Questions 4: Is there any difference in the academic achievement between high ability

Physics students taught with CAl and those taught with Lecture Method at NCE?
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The descriptive statistics such as mean and standard deviation was used to test this research
question and the summary of the results is presented in Table 4.2.4. The mean and standard
deviation of Pre-test result discussion is in Appendix E.

Table 4.2.4 Means and Standard Deviation of Post-test of High Ability Students of the

Experimental and Control groups in Mechanics and Properties of Matter Achievement

Test (MPMAT).

Variable N Mean SD MD
Experimental group 24 69.88 11.54 30.60
Control group 29 39.28 8.49

Based on Table 4.2.4, the answer to question four which states: “ Is there any difference
in academic achievement of high ability level Physics students taught using CAl and those taught
using Lecture Method?” is that the mean score for the experimental group was 69.88 and that of
the control group was 39.28. This indicates that there is statistically significant difference
between the mean score of the experimental group (69.88) and the control group (39.28).The
mean difference is 30.60 in favour of experimental group. Therefore, the answer to the research
question four is that there exists significant difference in favour of experimental group. This
shows the effect of the treatment on the experimental group. To test whether there was a
significant difference or not in the mean score of the experimental and control groups, HO4 was

used.

Research Questions 5: What is the difference in the academic achievement between male and

female Physics students taught with CAl at NCE?
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The descriptive statistics such as mean and standard deviation was used to test this research
question and the summary of the results is presented in Table 4.2.5. The mean and standard
deviation of Pre-test result discussion is in Appendix E.

Table 4.2.5 Means and Standard Deviation of Post-test of Male and Female Physics

Students taught using CAI.

Gender N Mean SD MD
Male 68 67.29 14.53 2.69
Female 45 64.60 13.85

Based on Table 4.2.5, the answer to question five which states: “What is the difference in
academic achievement of male and female physics students taught using CAI?” is that the mean
score for the male was 67.29 and that of the female was 64.60. This indicates that there is no
significant difference between the mean score of the male (67.29) and the female (64.60). The
mean difference is 2.69 in favour of the male. Therefore, the answer to research question five is
that there exists significant difference in favour of the male. To test whether there was a

significant difference or not in the mean score of the male and female, HOs was used.

Research Questions 6: Is there any difference in the academic achievement among Low Ability
(LA), Medium Ability (MA) and High Ability (HA) level students taught with CAl at NCE?
The descriptive statistics such as mean and standard deviation was used to test this research

guestion and the summary of the results is presented in Table 4.2.6.
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Table 4.2.6 Means and Standard Deviation of Post-test of Low Ability, Medium Ability and

High Ability Levels Students taught using CAI

Source Sum of Square DF Mean SD MD
Between Groups 2588.23 2 35.97 17.99 22.42
Within Group 20193.24 110  13.55 6.77

Totals 22781.47 112

Based on Table 4.2.6, the answer to question six which states: “What is the difference in
academic achievement among low ability, medium ability and high ability level Physics students
taught using CAI?” is that the mean score for the between group was 35.97 and that of the within
group was 13.55. This indicates that there is statistically significant difference between the mean
score of the between group (35.97) and the within group (13.55).The mean difference is 22.42.
Therefore, the answer to the research question six is that there exists significant difference
among the groups. This implies that there is significant difference in the academic achievement
among low ability, medium ability and high ability level students taught using CAIl. To test
whether there was a significant difference or not in the mean score of the experimental and

control groups, HOg was used.

4.2.2 Hypotheses Testing

The results are presented in Tables 4.2.7 - 4.2.13
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4.2.3 Test for Academic Achievement of Physics Students taught using CAIl and those

taught using Lecture Method in their Mean Scores in Experimental and Control Groups.
Null Hypothesis |

HO1: There is no significant difference in the academic achievement between Physics
students taught using CAI and those taught using Lecture method in physics at NCE level.

This hypothesis was tested by selecting the scores of the experimental group who were subjected
to the treatment and the score of the control group to a two sample t-test after the experiment.

The result of the test is summarized in Table 4.2.7.

Table 4.2.7: Two Sample t-test on Achievement Score in Physics by Experimental and

Control Groups.

Type N Mean Std. Deviation Std. Error  t-value DF MD P Remark

Experimental 113 66.22 14.26 1.34

18.40 209 30.04 .0001 Sig.
Control 98 36.18 8.17 0.83

*Significant at p<0.05

The result in Table 4.2.7 revealed that students who were exposed to the CAI
significantly performed better in their achievement when compared to students in the control
group who were not exposed to the treatment. Moreover, the level of significance obtained for
the test is 0.0001 (p<0.05). Therefore, the null hypothesis that there is no significant difference
in the academic achievement between Physics students taught using CAl and those taught using

Lecture method in Physics at NCE level is rejected. The result is a clear indication that students
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exposed to the Computer-Assisted Instruction (CAIl) method were better in their performance

than those exposed to Lecture Method.

424 Test for Academic Achievement of Low Ability Students taught using CAIl and
those taught using Lecture Methods in there Mean Scores in Experimental and Control
Groups.

Null Hypothesis 11

HO,:  There is no significant difference in the academic achievement between low ability
students taught using CAIl and those taught using Lecture Method in Physics at NCE

level.

To test this hypothesis, the posttest mean scores of the students in the experimental and

control groups were compared using t-test statistics. The result is shown in Table 4.2.8

Table 4.2.8: t-test on Scores of Low Ability Students in Experimental and Control

Groups after Treatment.

Type N Mean Std. Deviation Std. Error t-value DF MD P Remark

Experimental 28 57.93 17.03 3.22
4.88 41  22.73 .0001 Sig.
Control 15 35.20 7.82 2.02

*Significant at p<0.05

From the result in Table 4.2.8 the p-valve obtained is 0.000 which is less than p<
0.05. Since p-value 0.0001 obtained is smaller than p<0.05, this shows that students who were
exposed to the CAI significantly performed better in their achievement when compared to
students in the control group who were not exposed to the treatment. The null hypothesis of no
significant difference between the academic achievement of the experimental and control group

is rejected. The result shows that the Computer-Assisted Instruction is better at improving
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students’ academic achievement in Mechanics and Properties of Matter than the lecture method.
As revealed in the Table 4.2.8, the mean scores of experimental group is 57.93 and the control
group is 35.20 which clearly shows that students exposed to the Computer-Assisted Instruction

(CAI) method were better in their performance than those exposed to lecture method.

4.25 Test for Academic Achievement of Medium Ability Students taught using CAI and
those taught using Lecture Methods in there Mean Scores in Experimental and
Control Groups.

Null Hypothesis 111

HO3: There is no significant difference between the academic achievement of medium

Ability students taught using CAI and those taught using Lecture Method in Physics at NCE

level.

To test this hypothesis, the posttest mean scores of the achievement test of the
experimental and control groups who were categorized in the medium ability were selected for
comparison to test the effect of the Computer-Assisted Instruction (CAIl) method. The summary

of the two sample t-test used for the hypothesis is shown in Table 4.2.9.

Table 4.2.9: t-test on Scores of Medium Ability Students in Experimental and Control

Groups after Treatment.

Type N Mean Std. Deviation Std. Error t-value DF MD P Remark

Experimental 61 68.59 12.45 1.60
17.37 113 33.94 .0001 Sig.

Control 54  34.65 7.58 1.03

*Significant at p<0.05

From the mean score in Table 4.2.9, the students who were exposed to the

Computer-Assisted Instruction were significantly enhanced in their performance after the
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treatment when compared with their counterparts who were in the control group that were not
exposed to the treatment. The p-valve obtained from the test as indicated in the table is 0.0001
which is less than the p-value of p<0.05. Thus the null hypothesis that there is no significant
difference in the academic achievement of medium ability students taught using CAIl and those
taught using Lecture Method in Physics at NCE level was rejected. Students taught using CAl
had their academic performance in Physics significantly enhanced compared to students in the

control group who were taught with the conventional Lecture Method.

4.2.6 The Effect of Academic Achievement between High Ability Level Students taught
using CAI and those taught using Lecture Method

Null Hypothesis 1V

HO,: There is no significant difference in the academic achievement between high ability

students taught using CAIl and those taught using Lecture Method in Physics at NCE level.

To test this hypothesis, the posttest mean scores of the achievement test of the experimental and
control groups in the high ability category were selected and subjected to a two sample t-test

procedure. The result is summarised in Table 4.2.10

Table 4.2.10: Two Sample t- test on Scores of High Ability Students in Experimental and

Control Groups after Treatment.

Type N Mean Std. Deviation Std. Error t-value DF  MD P Remark

Experimental 24 69.88 11.54 2.36
11.11 51  30.60 .0001 Sig.

Control 29 39.28 8.49 1.58

*Significant at p<0.05.
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The result in the Table 4.2.10 revealed that the two groups differed significantly in their
performances. The p-valve obtained from the test as indicated in the table is 0.0001 which is less
than the p-value of p<0.05. Thus the null hypothesis that there is no significant difference in the
academic achievement of high ability students taught using CAI and those taught using Lecture
Method in Physics at NCE level is rejected. From the mean scores, students who were exposed to
the Computer-Assisted Instruction have higher performance than those taught using Lecture

Method.

4.2.7 Test for Academic Achievement of Male and Female Students taught using CAI in
there Means Scores in Experimental Group.

Null Hypothesis V

HOs:  There is no significant difference in the academic achievement between male and female
students taught using CAl in Physics at NCE level.

To test this hypothesis, the posttest mean scores of the male and female students who were

exposed to the computer-assisted instruction method after the treatment were used as the

dependent variable. The result of the two sample t-test used to compare their differences in the

performance is summarized in Table 4.2.11.

Table 4.2.11: Two Sample t-teston Scores of Male and Female Students in Experimental

Group.
Gender N Mean Std. Deviation Std. Error t-value DF MD P Remark
Male 68 67.29 14.53 1.76
0.98 111  2.69 0.328 NS
Female 45  64.60 13.85 2.06

*Significant at p<0.05

The result in the Table 4.2.11 did not reveal significant difference between the male and

female students who were exposed to the computer-assisted instruction method in their academic
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achievement. The p-value obtained from the test as indicated in the table is 0.328 which is
greater than p-value of p<0.05. Therefore, the null hypothesis that there is no significant
difference in the academic achievement between the male and female students taught using CAI
in Physics at NCE level is not rejected.The result showed that the treatment had equal
enhancement on the performances of the male and female students who were exposed to it.

Therefore, the CALl is gender friendly.

4.2.8 Test for Academic Achievement of Low Ability, Medium Ability and High Ability

Level Students Taught Using CAL.

Null Hypothesis VI

HOs:  There is no significant difference in the academic achievement among low ability,

medium ability and high ability level students taught using CAl in Physics at NCE level.

To test this hypothesis, the posttest mean scores of the achievement test of the experimental
groups for the three categorized abilities were subjected to one way ANOVA procedure. The

result for the analysis of variance model is summarized in Table 4.2.12

Table 4.2.12: One way ANOVA Analyses of the Mean Scores of Low Ability, Medium
Ability and High Ability Levels in Experimental Groups in the Posttest.

Source Sum of Square DF  Mean Square  Critical Value F Sig.
Between Groups 2588.23 2 1294.12

3.00 7.05 0.001
Within Group 20193.24 110 183.58
Totals 22781.47 112

*Significant at p<0.05
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The result in Table 4.2.12 shows that the groups differ significantly in their performances
from each other. The observed F-value (7.05) is higher than the 3.00 for the critical value at the
2, 110 degree of freedom (DF). The observed level of significance is 0.001 (p<0.05). This means
that the null hypothesis that there is no significant difference in academic achievement among
low ability, medium ability and high ability level students taught using CAl in Physics at NCE
level is therefore rejected.

To establish the category of the ability level that was significantly different from the
other, a post hoc mean separation test was carried out on the mean scores. The Scheffe procedure
was used for this purpose and the result is summarized in Table 4.2.13.

Table 4.2.13: Result of the Scheffe Test on the Mean Scores

() Ability (J) Ability Mean Difference (I-J)  Std. Error Sig. Rmk
Low Medium -10.66159(*) 3.09284 0.004 S
High -11.94643(*) 3.76898 0.008 S
Medium Low 10.66159(*) 3.09284 0.004 S
High -1.28484 3.26472 0.926 NS
High Low 11.94643(*) 3.76898 0.008 S
Medium 1.28484 3.26472 0.926 NS

*The mean difference is significant at the .05 level.

The result in Table 4.2.13 reveals that low ability students compared to medium ability students
with p-value of 0.004 which is less than p-value of p<0.05 implies that there is significant
difference in their academic achievement. Also, low ability students compared to high ability
students with p-value of 0.008 which is less than p-value of p<0.05shows that there is significant
difference in their academic achievement.The result further reveals that medium ability students
compared to low ability students with p-value of 0.004 which is less than p-value of p<0.05,
indicates that there is significant difference in their academic achievement. The medium ability
students compared to high ability students have p-value of 0.926 which is greater than p-value of

p<0.05 implies that there is no significant difference in their academic achievement. Similarly,
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high ability students compared to low ability student having p-value of 0.008, which is less than

p-value of p<0.05, implies that there is significant difference in their academic achievement.

Furthermore, the high ability students compared to medium ability students have p-value of

0.926 which is greater than p-value of p<0.05, implies that there is no significance difference in

their academic achievement.

4.3

Summary of Findings

The findings of the study are as follows:

. There is a significant difference between the academic performance of students who were

exposed to CAIl and those who were exposed to lecture method. Students who were

exposed to CAl achieved higher in Physics.

. The low ability level students taught using CAI (experimental group) performed better

than their counterparts (control group) taught using lecture method, which indicates the

viability of CAl on low ability students.

. The medium ability level students taught using CAI performed better than their control

counterparts taught using lecture method. Therefore, null hypothesis three is rejected.

. The high ability level students taught using CAI performed better than their counterparts

taught using lecture method. Therefore, null hypothesis four is rejected.

. The result of the study reveals that there is no significant difference between the mean

scores of male and female students exposed to computer-assisted instruction. Therefore,

null hypothesis five is accepted.
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6. There is significant difference in the academic achievement among low ability, medium

ability and high ability students taught using CAL.

4.4  Discussion of the Results

The objective of this study was to investigate the effects of the use of computer-assisted
instruction on academic achievement of Nigeria Certificate in Educationof Physics students of
different ability levels in Niger State. The data collected were analyzed by employing t-test

statistics and one way ANOVA at p<0.05 levels of significance.

The test for Hypothesis | reveals that students exposed to the use of the CAl were found
to be significantly better in their performance than those who were taught with the conventional
lecture method. The implication of this finding is that the use of the CAI enhances students’
performance in Physics than the use of the lecture method. The result supports the findings of
Akour (2006); Orisebiyi (2007) and Yusuf and Afolabi (2010) who reported a significant
difference in the performance of students taught using CAIl. The result is however, not in
agreement with the previous findings of Huxford (as cited by Jenks and Springer, 2002),
Imhanlahimi and Imhanlahimi (2008) and Owusu (2009) who discovered that those taught using
conventional method performed better than those exposed to CAl. The result shows that the
treatment given to the experimental group had a positive effect on them as it shown by the higher
mean score. This might be due to change in mode of instruction that is from teacher-centred (i.e.

lecture method) to student-centred (i.e. computer-assisted instruction).

Hypothesis Il which states that: “there is no significant difference in the academic
achievement between low ability students taught using CAI and those taught using Lecture

Method in Physics at NCE level” was tested using t-test statistics. The result reveals that students
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exposed to the use of CAIl were significantly better than their counterparts taught using the
Lecture Method. This implies that Null Hypothesis Il is rejected. The result indicates a better
achievement in favour of low ability students taught using CAIl. The finding is related to the
findings of Gambari (2003) who observed that Computer Assisted Instruction (CAI) enhances
academic achievement of Physics students in senior secondary schools. Also the result is in
agreement with those of Kara and Yakar (2008) who reported that students taught Newton’s Law
of Motion by use of Computer-Assisted Instruction had their performance enhanced. Owusu
(2009) in his finding stated that Computer-Assisted Instruction enhance the performance of the
low achievers than the high achievers in Biology in Ghana. Also, Salahudeen (2012) in his study
found that Computer-Assisted Instruction enhances learning of longitude and latitude among
secondary school students in Minna Metropolis. In the same way, Hassan (2012) in his work
revealed that Computer Assisted Instruction enhances pupils’ academic achievement taught
Mathematics in Nupe language. But the finding is in contrast to Tabassum (2004) who indicated
that CAIl is more effective for high achievement level students than low achievement level
students. This implied that the treatment had impact on the experimental group. The CAI
enhanced the performance of the low ability level students because it encouraged individualised
learning activity. The students’ learning yield positive and immediate results. Besides, the

students could learn at their own pace.

Hypothesis 111, “There is no significant difference between the academic achievement of
medium ability students taught using CAI and those taught using Lecture method in Physics at
NCE level” was tested using t-test statistics. The result reveals that there is significant difference

in the posttest mean scores of medium ability level in the experimental group. This implies that
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Null Hypothesis 111 is rejected. The experimental group has higher academic achievement than

the control group.

The result indicats a better achievement in favour of medium ability students taught using
CAl. The result is in agreement with the findings of Tabassum (2004), who found that
Computer-Assisted Instruction enhances student achievement in science. Also Orisebiyi (2007),
in his study found that Instructional Video Tape package improved senior secondary school
students’ performances in Biology in Fidit:. In the same vein, Alhassan (2012) in his work also
found that Computer-Assisted Instruction enhances academic achievement in Geometry among
junior secondary school students in Minna Metropolis. While, the finding is not in agreement
with Imhanlahimi and Imhanlahimi (2008) and Owusu (2009) whose findings revealed that
conventional method approach group performed better than the CAI group. The result indicates
the efficacy of Computer-Assisted Instruction in enhancing acquisition of concepts of Mechanics
and Properties of Matter. This is because the instruction allowed new materials, especially
abstract concepts, to be more easily assimilated with the students’ prior knowledge, enabling

them to develop a more scientific understanding of the concepts.

Hypothesis 1V, “There is no significant difference in the academic achievement
between high ability students taught using CAIl and those taught using Lecture Method in
Physics at NCE level”was tested using t-test statistics. The results reveals that there is a
significant difference in the mean scores of high ability students taught using CAIl and those
taught using Lecture Method as shown in the test of Hypothesis IV. This implies that Null
Hypothesis 1V is rejected. Those taught using CAI have a higher academic achievement than
those taught not using CAIl. The result indicats a better performance in favour of high ability

students taught using CAI. The result agrees with the finding of Owusu (2009) which revealed
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that those students who received Computer-Assisted Instruction showed a greater increase in
their academic achievement scores in multiplication and subtraction than students who received
traditional mathematical instruction. The finding of Hassan (2012) also agreed with the findings
of this study. His finding reveals that pupils taught mathematics with the use of Computer-
Assisted Instruction package in Nupe Language performed better than those taught mathematics
using conventional teaching method. The result showed that the treatment given to the
experimental group had a positive effect on them as it shown by the higher mean score. This
might be due to change in mode of instruction, that is, from teacher-centred (i.e. lecture method)

to student-centred which is hand-on and mind-on instruction (i.e. computer-assisted instruction).

Hypothesis V which states that “There is no significant difference in the academic
achievement between male and female students taught using CAl in physics at NCE level”was
tested using t-test statistics. The result reveals that there is no significant difference in the
academic achievement of male and female students. This implies that Null Hypothesis V is
accepted. The result is not in agreement with the findings of Hassan (2012) andSalahudeen
(2012). They reported significant difference between the performances of male and female
students in favour of females. But the finding is in agreement with the findings of Yusuf and
Afolabi (2010), Bello (1996) in Achuonye (2011), who stated that gender has no influence on

performance of male and female pupils exposed to CAL.

Hypothesis VI which states that “there is no significant difference in the academic
achievement among low ability, medium ability and high ability level students taught using CAI
in Physics at NCE level” was tested using one way ANOVA statistics. The result reveals a
significant difference in the ability groups of the experimental group after the experiment.

Though, the variability was found to be significan the significance was only between the students
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with low ability group and the rest of the two (high and medium abilities). Between the medium
ability and the high ability group, no significance difference was observed. The Null Hypothesis
was therefore rejected. A post hoc mean separation test was carried out on the mean scores, using
Scheffe procedure to establish the category of the ability level that was significantly different.
From Table 4.2.7, it was revealed that low ability students were significantly different in their
performances from the medium and high ability students. But there was no significant difference
between medium and high ability students in their academic achievement. The result of this
finding is in agreement with the findings of Fagbemi (2003) which revealed that there was
significant difference in the achievement scores of pupils of different ages taught Social Studies
using a computer based package, but in disagreement with Salahudeen (2012) whose finding
revealed that there was no significant difference in the academic achievement of students taught

mathematics using CAl package in respect of their age group.
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CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATIONS

51 Introduction

The study was an investigation into the use of computer-assisted instruction on academic
achievement of different ability levels of Nigeria Certificate in Education Physics students in
Niger State. The data collected were analysed using mean and t-test statistical tools. This chapter

is presented under the following sub-headings:

= Summary of the Study

= Summary of Major Findings

= Contribution of the Study to Knowledge.
= Conclusion

= Recommendations

= Limitations

= Suggestions for Further Study

5.2  Summary of the Study

This study is an investigation into the use of computer-assisted instruction on academic
achievement of different ability levels of Nigeria Certificate in Education Physics students in
Niger State. Computer-Assisted Instruction (CAI) was used to enhance the students’ academic
achievement in Mechanics and Properties of Matter. Two hundred and eleven (211) students
were used for the study. The study involved teaching using computer-assisted instruction as the
treatment in an attempt to compare the academic achievement in Mechanics and Properties of
Matter and Lecture Method was used as control.
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The concepts selected for the study were Inertia of rigid body, Gravitation, Surface

Tension, Fluid Motion and Harmonic Motion. Six null hypotheses were stated and tested at p<

0.05 levels of significant. Mechanics and Properties of Matter Achievement Test (MPMAT)

made up of 40 multiple choice questions was used to measure academic achievement of the

students after treatment.

The data collected from the achievement test were analysed using t-test and one way ANOVA

statistics to test the stated hypotheses. The results and discussion are reported in Chapter Four.

The findings revealed the following:

There is a significant difference in the academic achievement of students who were
exposed to Computer-Assisted Instruction (CAIl) and those who were not exposed to
Computer-Assisted Instruction (CAIl). Students who were exposed have higher

achievement.

There is a significant difference in the mean academic achievement score of low ability
level students taught using Computer-Assisted Instruction compared to those taught using
Lecture Method of instruction in Mechanics and Properties of Matter in favour of the

experimental group (i.e. Computer-Assisted Instruction).

There is a significant difference in the mean academic achievement score of medium
ability level students taught using Computer-Assisted Instruction compared to those
taught using Lecture Method of instruction in Mechanics and Properties of Matter in

favour of the experimental group.
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5.3

Vi.

There is a significant difference in the mean academic achievement score of high
ability level students taught using Computer-Assisted Instruction compared to those
taught using Lecture Method of instruction in Mechanics and Properties of Matter in
favour of the experimental group.

There is no significant difference in the mean academic achievement scores of male
and female students taught using Computer-Assisted Instruction in Mechanics and
Properties of Matter in the experimental group as instruction is gender friendly.

There is significant difference in the academic achievement among low ability,
medium ability and high ability level students taught with CAl, in favour of low

ability level students.

Summary of Major Findings

Those students who were exposed to the CAI performed better in their academic
achievement than their counterpart who were taught using lecture method, hence the null

hypothesis | is rejected.

The low ability level students taught using CAIl (experimental group) performed better
than their counterparts (control group) taught using lecture method, hence the null

hypothesis Il is rejected.

There is a significant difference in the posttest mean scores of the experimental group of

high ability level.

There is a significant difference in the mean scores of medium ability level in

experimental group.
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% There is no significant difference in the mean scores of males and females as instruction

is gender friendly.

vi There is significant difference in the academic achievement among low ability, medium

ability and high ability students taught using CAI.

5.4 Conclusion

The findings of this study have shown that academic achievement on mechanics and
properties of matters among physics students of different abilities at NCE level enhanced by
usage of Computer-Assisted Instructional package. The used of CAI package does not
discriminate between genders in academic achievement thus, CAIl is gender friendly at NCE
level. It was generally observed that Computer-Assisted Instruction (CAl) has the potential of
enhancing NCE students’ academic achievement in Mechanics and Properties of Matters

concepts, and this may be because it is based on both hands-on and minds-on strategies.

5.5  Contribution of the Study to Knowledge.

This study contributed to the knowledge in the following ways:

1. The other researches on CAIl are mainly on secondary schools while this study is on

tertiary education, the NCE level.

2. The study is concerned with all the three abilities level at NCE level which is unique.

Therefore, all ability levels can always be helped through CAL.
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5.6

(1)

).

3).

The study is on Mechanics and Properties of Matter 11 at NCE level in Niger State for the

first time.

Nobody is a drop-out with the use of CAI in teaching and learning Physics concepts in

Mechanics.

It has added to the existing literature in CAI.

Recommendations

From the findings of this study, the following recommendations are made:

The use of Computer-Assisted Instruction (CAI) should be encouraged by NCE Physics
teachers in teaching Mechanics and Properties of Matters concepts because it enhance the

performances of the students.

Teaching and learning materials such as computers should be provided by government
agencies such as State Governments, Federal Ministry of Education, and National
Commission for Colleges of Education (NCCE) for effective utilization of Computer-
Assisted Instruction (CAI) in teaching/learning Mechanics and Properties of Matters

concept at NCE level.

Computer-Assisted Instruction (CAIl) enhances visualization and reorganization of
science facts in the learners’ cognitive structure. It should therefore be encouraged for

teaching in the science classroom.
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(4).

(5).

(6).

().

5.7

1.

2.

3.

Professional associations like Science Teachers Association (STAN), Mathematics
Association of Nigeria (MAN) and research centres like Nigerian Educational and
Research Development Council (NERDC) should incorporate Computer-Assisted
Instruction (CAI) in their science curricula at the junior and senior secondary school
levels to encourage the use of the instructional materials among teachers. Workshops

may be needed for this by STAN.

Science teachers should be trained in computer programming to help them in designing

software packages for various courses at NCE level.

Individual Physics lecturers should be computer literate so that they can develop

appropriate computer-assisted instruction software.

The Computer-Assisted Instruction (CAI) should be incorporated into teacher education
curriculum and be taught as other teaching methods since it is a relatively new technique

with many stages for its successful implementation.

Limitations of the Study

The following limitations influence the findings of this study:

Unstable electricity supply during the research experiment which made the researcher to

have a stand-by generator may have had effect on the result of the study.

Limited time and fund available to carry out this study.

Small sample of only two colleges.
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5.8

(i).

(ii).

(iii).

(iv)

Making one College experimental and the other control.

Suggestions for Further Studies

Only two methods of instruction for teaching/learning of Mechanics and Properties of
Matters concepts in NCE were investigated. There is need to carry out a similar research

using other activity-based methods of instruction.

This type of study could be extended to other institutions, universities, polytechnics in

various disciplines to see what the results would be.

The results obtained in this research are for Physics. The method can therefore be tried
out in other courses such as Chemistry, Biology, Integrated Science and Mathematics at

NCE level.

This type of study could be extended to other states and federal colleges of education in

Nigeria for widening and generalizing the scope of the findings of such studies.
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APPENDIX A
MECHANICS AND PROPERTIES OF MATTER ACHIEVEMENT TEST (MPMAT)

PHY 213
TIME: 80 minutes
INSTRUCTIONS: Answer all by TICKING the correct option.

1. An object or system of particle s in which the distances between particles are fixed and
remain constant is termed.
(A) Frictional force (B) Surface tension (C) Rigid body (D) Moment of inertia

2. The rotational inertia about the natural axis can be expressed as
(A) M°R (B) MR (c) MR? (D) M?R?
3. The Kinetic energy of rotation is given by
(A) %IPW (B) %2IW? (C) valw (D) ¥12W?
4. The angular momentum L of the particle relative to the Origin O, is defined to be the,
(A). Sumofrand P (B) Quotient of r and P
(C) Dot product of r and P (D) Cross product of r and P,
5.. A car of mass 1200kg moves counter clockwise in a circle of radius 20m with speed
15m/s. Calculate its angular momentum about the origin
(A) 3.6 x 10* kg m?/s k (B) 3.6 x 10° kg m?/s k
(C) 3.0 x 10° kg m?/s k (D) 3.0 x 10* kg m?/s k
6. If the same in (no. 5) above moves with velocity V = - (15m/s)i along the line y=y;=20m
parallel to the axis. Find the angular momentum about the origin
(A) 3.0 x 10° kg m?/s k (B) 3.6 x 10* kg m%s k
(C) 3.0 x 10* kg m%/s k (D) 3.6 x 10° kg m?/s k
7. The Universal Gravitational constant is given by:
(A) 6.67 x 10" Nm?/kg? (B) 6.00 x 10**Nm?/kg?
(C) 5.90 x 10**Nm?/kg® (D) 6.67 x 10*°*Nm?/kg?
8. The resolution of the work done in stretching the spring, if U(x) = J ¢*Kxdx is given as;
(A) Kx (B): Kx
(C) 5 KX (D) 2Kx.
9. The number of cycles that takes place per unit time is
(A) Amplitude (B) Frequency
(C) Wavelength (D) Period.
10.  The surface tension in the film v, is expressed as:
Ay =Fly By==% (C)y=2LF D)y =+
11.  The attractive force exerted on a liquid molecule by the neighboring liquid molecule is
termed:
(A) Frictional force (B) Cohesive force
(C) Gravitational force (D) Adhesive force
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

What would be the value of 3000 rev/min in rad/sec?

(A) 25 rad/sec (B) 50 rad/sec (C) 100 rad/sec (D) 314 rad/sec

The parallel axis theorem states that;

(A) | = lem +Mh B)I=lem+M*h (C)I=Icm+Mh* (D) I=lcm + M?%h?
Find the rotational inentia of a thin uniform circular disc with radius R, mass M and
surface density p = % about an axis through its, center and perpendicular to the

TTR2

plane of the disc.

(A) MR* (B) “:MR (c) »M°R (D) %MR?

L'
[ L g

Given the length L and mass, M about an axis perpendicular to the stick and through one
end, assume that the stick has negligible thickness.
The moment of inertia is given by the integral

(A) [, X2dm (B[, X3dm  (C) ;[ X*dm (D) J, Xdm

The attractive force exerted on a liquid molecule by the molecule in the surface of the
solid is

(A) Frictional force (B) Cohesive force

(C) Gravitational force (D) Adhesive force

If the adhesive force is small, compared with the cohesive force, the liquid surface is
pulled away from the wall and the meniscus is:

(A) Plano convex (B) Convex

(C) Plano Concave (D) Concave

One of Kepler’s law State that T? = Cr*, which of the law’s stated that?

(A) First law (B) Second law (C) Third law (D) Fourth law

The Magnitude of the gravitational force exerted by a particle of mass M; on another
particle of mass M, and a distance r, away is given by:

(A)F = Z222(B) F = Z22(C) F = == (D) F = GMyM,r?
Newton published his theory of gravitation in......... ,
(A) 1866 (B) 1686 (C) 1668 (D) 1985

If a disk in the xy plane of radius 20m and mass 1200kg rotated at 0.75 rad/sec about its
axis which is the z — axis. What would be the angular momentum about the origin?

(A) 1.8 x 10° kg m?/s k (B) 1.5 x 10 kg m?/s k

(C) 1.8 x 10> kg m?/s k (D) 3.6 x 10° kg m?/s k
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22. If an oscillatory motion exactly repeats itself after each time interval T = 0.5 sec.
What is its frequency?

(A)50 HZ (B) 30 HZ

(C) 40 HZ (D) 20HZ

Use the information below to answer questions 23 and 24.

A spring stretches by 4.0 cm from its relaxed length when a force of 7.0 N is
Applied. A particle with a mass of 0.5 kg is attached to the free end of the spring,
Which is then compressed horizontally by 6.0 cm from its relaxed length and
released fromrestat t = 0.

23. Find its angular frequency
(A) 18.71 rad/sec (B) 27. 38 rad/sec
(C) 22.37 rad/sec. (D) 18.00 rad/sec.
24.  Find its periods.
(A) 0.357 sec. (B) 0.280 sec.
(C) 0.336 sec (D) 0.226 sec.

25.  Calculate the excels pressure inside a drop of mercury of diameter 4mm at 20°C (take
mercury y= 465 x 10°Nm™

(A) 5.0 x 10%atm (B) 2.5 x 10%atm
(C) 5.0 x 10%atm (D) 2.5 x 10%atm
26. If givenp = %, write dm in terms of the mass density p and dx.

(A) dm == dx (B)dm = MLdx  (C)dm =sMLdx (D) dm = ML2dx

217. Find the Moment of inertia of the uniform stick
(A) s ML? (B): ML (C)ML3 (D); ML2

28.  The angle of contact is defined as:
(A) the angle between the solid surface and the tangent plane to the liquid surface at the
point where it touches the solid
(B) the angle between the solid surface and the tangent plane to the solid surface at the
point where is touches the solid

(C) the angle between the liquid surface and the tangent plane to the solid surface at the
point where it touches the liquid.
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29.

30.

31.

32.

33.

34.

35.

36.

37.

38

39.

40.

(D) the angle between the liquid surface and the tangent plane to the liquid surface at the
point where it touches the liquid.
The angle of contact between water and clean glass is

(A) 45°(B) 90°(C) 0° (D) 137°
What angle of liquid in contact Suffers capillary depression?
(A\) less than 90° (B) Equal 90°
(C) Greater than 90° (D) Zero
The radius of Gyration can be calculated as
1
(A) r? = me r?dm (B)r® = [ r*dm C)r?=m/ r?dm

(D)r?= [ rdm

The velocity of the centre of mass relative to any point on the axis of rotaton is

(A) Vem = h’w (B) Vem = hw (C) Vem = hw? (D) Vem=hw?

The rotational inertia of uniform disk about a perpendicular axis through its center is

(A) 1 =%(MR) (B) I = %(MR?) (C) | = %(MR)? (D) | = %(M?R)

The first experiment from which a reasonable accurate value for G could be obtained was
carried out by the English Chemist Henry Cavendish and reported his result to the royal
society in ...........

(A) 1978 (B) 187900 (C) 1789 (D) 1798

If an object is projected upward from the earth with some initial kinetic energy then;

(A) the P.E decreases and the K.E increases as the object rises

(B) the K.E decreases and the P.E increases as the object rises

(C) the K.E increases and the P.E decreases as the object rises

(D) the P.E increases and the K.E decreases as the object rises

The speed required for an object to escape from the earth is:

(A) Uniform velocity (B) Escape velocity

(C) Gravitational force (D) moment of inertia
Which is the correct statement about Torque?
(A) t=rF B)t=r+F C)t=r-F (D)yt=rxF

The net external torque on a system equals to the

(A) rate of change of velocity with time

(B) rate of change of angular momentum of the system

(C) rate of change of angular acceleration

(D) rate of change of rotational inertia

Which law states that ‘If the net external torque acting on a system is zero the total
angular momentum of the system is constant.’

(A) law of angular momentum (B) law of conservation of energy
(C) law of inertia (D) law of conservation of angular momentum
Torque can also be referred to as

(A) Moment of force (B) Angular moment

(C) Angular speed (D) Angular acceleration
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MARKING SCHEME
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Facility Indices

S/INO
1
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X(Score)
14
8
10
9
14
7
15
11
16
6
11
14
12
15
10
13
22
18
19
19
10
21
19
16
16
16
13
22
18
19
16
21
15
10
13
12
11

F=R/T
0.29
0.16
0.20
0.18
0.29
0.14
0.31
0.22
0.33
0.12
0.22
0.29
0.24
0.31
0.20
0.27
0.45
0.37
0.39
0.39
0.20
0.43
0.39
0.33
0.33
0.33
0.27
0.45
0.37
0.39
0.33
0.43
0.31
0.20
0.27
0.24
0.22

APPENDIX C

Y (Score)
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20
18
22
23
26
20
25
23
24
20
25
26
22
28
23
28
32
29
28
29
22
31
28
25
26
30
27
35
25
28
25
33
26
20
23
22
20

F=R/T
0.41
0.37
0.45
0.47
0.53
0.41
0.51
0.47
0.49
0.41
0.51
0.53
0.45
0.57
0.47
0.57
0.65
0.59
0.57
0.59
0.45
0.63
0.57
0.51
0.53
0.61
0.55
0.71
0.51
0.57
0.51
0.67
0.53
0.41
0.47
0.45
0.41



38
39
40
41
42
43
44
45
46
47
48
49

13
13
13
13
12
11
12
13
11
13
13
14

0.27
0.27
0.27
0.27
0.24
0.22
0.24
0.27
0.22
0.27
0.27
0.29

%94

25
26
28
29
20
21
22
23
21
22
23
28

0.51
0.53
0.57
0.59
0.41
0.43
0.45
0.47
0.43
0.45
0.47
0.57



Reliability Coefficient

APPENDIX D

SIN Score X Score Y X? Y? XY

1 14 20 196 400 280

2 8 18 64 324 144

3 10 22 100 484 220

4 9 23 81 529 207

5 14 26 196 676 364

6 7 20 49 400 140

7 15 25 225 625 375

8 11 23 121 529 253

9 16 24 256 576 384
10 6 20 36 400 120
11 11 25 121 625 275
12 14 26 196 676 364
13 12 22 144 484 264
14 15 28 225 784 420
15 10 23 100 529 230
16 13 28 169 784 364
17 22 32 484 1024 704
18 18 29 324 841 522
19 19 28 361 784 532
20 19 29 361 841 551
21 10 22 100 484 220
22 21 31 441 961 651
23 19 28 361 784 532
24 16 25 256 625 400
25 16 26 256 676 416
26 16 30 256 900 480
27 13 27 169 729 351
28 22 35 484 1225 770
29 18 25 324 625 450
30 19 28 361 784 532
31 16 25 256 625 400
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32 21 33 441 1089 693
33 15 36 225 1296 540
34 10 20 100 400 200
35 13 23 169 529 299
36 12 22 144 484 264
37 11 20 121 400 220
38 13 25 169 625 325
39 13 26 169 676 338
40 13 28 169 784 364
41 13 29 169 841 377
42 12 20 144 400 240
43 11 21 121 441 231
44 12 22 144 484 264
45 13 23 169 529 299
46 11 21 121 441 231
47 13 22 169 484 286
48 13 23 169 529 299
14 28 196 784 392

49
SUM 682 1235 10182 31949 17777

t o to4
Use >X >Y yXxz »ye > XY
the following equation to calculate Pearson's coefficient:
XY
) 5 xy - LAZ
J(W _ (Eﬂ.;a’)?) (xve- (E;;)?)

Substitute the values obtained from the table into the equation:

682 x 1235

17777 —

-

6822

10182~ ——) (31949 -
( PR

12352

)

96




Simplify the equation:
17777 —17189.184

T =
J(10182— 9492.327) (31949 — 31127.041)

587.816

"= J (689.673) (821.959)

587.816
=
566882.929
587.816
T 752016
r=0781

Therefore, Pearson's Product Moment Correlation Coefficient is 0.781
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APPENDIX E

Table E.1 Means and Standard Deviation of Pre-test of the Experimental (CAl) and
Control (Lecture) groups in Mechanics and Properties of Matters Achievement Test

(MPMAT)

Variable N Mean SD MD
Experimental group 113 45.84 10.33 2.69
Control group 98 48.53 8.37

From the result in Table E.1, the mean and standard deviation of Pre-test scores for the
experimental group were 45.84 and 10.33 and that of the control group were 48.53 and 8.37
respectively. This indicates that there is significant difference between the mean scores of the
experimental group (45.84) and the control group (48.53). The mean difference is 2.69 which
mean that students in both groups were not equivalent with respect to their prior knowledge of
the concept of mechanics and properties of matter 11 in Physics before treatment.

Table E.2 Means and Standard Deviation of Pre-test of Low Ability Students of the
Experimental and Control groups in Mechanics and Properties of Matters Achievement

Test (MPMAT)

Variable N Mean SD MD
Experimental group 28 31.64 4.82 4.24
Control group 16 35.88 1.86

From the result in Table E.2, the mean and standard deviation of Pre-test scores for the
experimental group were 31.64 and 4.82 and that of the control group were 35.88 and 1.86
respectively. This indicates that there is significant difference between the mean scores of the
experimental group (31.64) and the control group (35.88). The mean difference is 4.24 which
mean that students in both groups were not equivalent with respect to their prior knowledge of
mechanics and properties of matter 11 in Physics before treatment.
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Table E.3 Means and Standard Deviation of Pre-test of Medium Ability Students of the
Experimental and Control groups in Mechanics and Properties of Matters Achievement

Test (MPMAT)

Variable N Mean SD MD
Experimental group 61 47.15 4.27 0.18
Control group 55 47.33 4.26

From the result in Table E.3, the mean and standard deviation of Pre-test scores for the
experimental group were 47.15 and 4.27 and that of the control group were 47.33 and 4.26
respectively. This indicates that there is significant difference between the mean scores of the
experimental group (47.15) and the control group (47.33). The mean difference is 0.18 which
mean that students in both groups were not equivalent with respect to their prior knowledge of
the concept of mechanics and properties of matter 11 in Physics before treatment.

Table E.4 Means and Standard Deviation of Pre-test of High Ability Students of the
Experimental and Control groups in Mechanics and Properties of Matters Achievement

Test (MPMAT)

Variable N Mean SD MD
Experimental group 24 59.08 3.43 0.58
Control group 28 58.50 3.67

From the result in Table E.4, the mean and standard deviation of Pre-test scores for the
experimental group were 45.84 and 10.33 and that of the control group were 48.53 and 8.37
respectively. This indicates that there is significant difference between the mean scores of the
experimental group (45.84) and the control group (48.53). The mean difference is 2.69 which
mean that students in both groups were not equivalent with respect to their prior knowledge of
the concept of mechanics and properties of matter 11 in physics before treatment.

Table E.5 Means and Standard Deviation of Pre-test of Male and Female Physics Students
of the Experimental groups

Variable N Mean SD MD
Male 68 66.67 13.72 3.52
Female 45 63.15 13.45
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From the result in Table E.5, the mean ans standard deviation scores for the male were
66.67 and 13.72 and that of the female were 63.15 and 13.45 respectively. This indicates that
there is significant difference between the mean scores of the male (66.67) and the female
(63.15). The mean difference is 3.52 thatmean the students both male and female were
equivalent with respect to their prior knowledge of the mechanics and properties of matter Il in
Physics before treatment.
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APPENDIX F
COMPUTER-ASSISTED INSTRUCTION (CAI) LESSON PLANS
Topic: Inertia of Rigid Body.
Time: 2 hrs
Instructional Aids:  Chalk, Chalkboard, Textbook, and Computer-Assisted Instruction Soft-

ware.

Instructional Objective: By the end of the lesson, students should be able to:

)] Define rigid body

i) Explain how to determine Rotational inertia

iii) Determine the rotational inertia of thin uniform, solid
sphere and uniform stick.

Content Development | Teachers Activities Students Activities Strategies
Entry Behaviour Step one: The teacher | The students then Listening and
allows students some | LOGIN and the topic | watching.

seconds to settle down
and ask them to
LOGIN

Step two: The teacher
ask them to click the
next botton to proceed

Step three: He told the
students to click on
lesson one to start and
they should learn
about the topic on
their own using the
CAl.

Step four: The teacher
then ask the students
to have group
discussion on what
they’ve learnt.

Step five: He then
evaluate by asking the
following questions
)] Define
rigid body
i) Explain
how you
will
determine
rotational
inertia.

of the research work
appears on the screen.

On clicking the screen
displays the list of the
lesson topics.

The students click on
lesson one and they
listern and watch to
take note on their
own.

They form groups and
discuss on what
they’ve seen and
learnt.

They respond to the
questions and take
corrections

Note taking and
questioning

Listening, watching
and note taking

Free discussion on the
lesson learnt.

Answering the

questions and seeking
clearification on what
they don’t understand.
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EFFECTS OF COMPUTER - ASSISTED INSTRUCTION
ON ACADEMIC ACHIEVEMENT AMONG PHYSICS
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Images of a Rigid body
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Lessons

LESSON 1 - INERTIA OF RIGID BODY

LESSON 2 - ENERGY AND GYRATION OF A RIGID BODY

LESSONJ3- ANGULAR MOMENTUM

LESSON 4-GRAVITATION

LESSON §- SURFACE TENSION

LESSON§- OSCILLATORY AND CIRCULAR MOTION

BY
DANJUMA, ALHAJTBIDA

Sty
W s Ri body?

A rigid body s an object o system of particles in which the distance between particle are fixed and
reman constant. 1t 1 also referred to as a body with a perfectly defimte and unchanging shape is el
an idealized model, smee real materials always deform somewhat when forces are exerted, but tisa
useful model in cases where such deformation may be neglected. In other words, the distance between
any two gven pomts of a nggd body remams constant m time regardless of extemal forces exerted on
Even though such an object camnot physically exist due to relatvity, objects can normaly be assumed
to be perfectly ngad f they are not moving near the speed of ight.

A quantiy of iquid wter i not  iid bods,butthe e that would form, i the waterwere fozen|
would be. The discussion of rigid body rotation 1 thus convemently restricted to solids. Actually the
concept of a rigid body is an idealization. In realty,the particles (atoms and molecules) of a sohd
vibrate constantly. Also, solids can undergo elastic (and melastic) deformations. Even so, most solids
can b considered to be rigid bodies for purpose of analyzmg rotational mofion.




Stp? .
Wt Cenerof Gy

The ceater of raviy is  geometic property of any objeet. The center of raviy i the average location L
of e weight of an object. We can completely deseride the mofion of any objec fhrough space in terms
of the ransafion of e center of ravity of the objeet fom one place o anofber, and the rofafion of the
object about s center of sraviy it fee o rofae. I the objeet s confined to rota about some other
point, ke a binge, we can sl deseribe its motion. I e both arplanes and rockets rotae about heir
centers of aravity. A kit, on he ofher hand, rofaes abou the bridle point. Butthe frm of kit sl
depends on the location of the center of gravity rlaive fo the ridl poin, because for every objectthe
rzeighlalmysadslhmnghﬂlecmterufgmvily.

Avibratng object moves back and forth from i normal statonary postion. A complte cycle of
vibration oceurs when fhe object moves ffom one extreme posiion fo the ofher extreme, and back aszn.
The number of cycles that 2 virafing object completes n one second s caled frequency. The uat of
frequency i etz (FLz). One herz equals ome cyck per second.

Step§
Exercise
Find the rotational ineria (or moment of nerfa) of a fin uosform ireular dise with radius R, mass M and surface
densiy p=MymR2 abomnaxisthmughimcemrandpmpendicularmtheplmoﬁhedisc.|
Soufion:
Divide the disc into rings of differential width dr and area (2nr)dr. Bach ring thus has differentil mass

Gn=p(lmr)dr
dar
6

Then from rofational inertia
I=[atdn

We have

L=[ e p(ur)dr
=iplfid
=l iI,ﬂR"

MR

Back

><

Stp3

Difference between Translaional nd Rotatonal Motion.

Trensatonal mofion (o caled fear) s simply an crement ofdstance S raveled over an icrement
oftme dT. As dS i astreght e over s smal increment, there 10 angular momenfum, That i,
there 5 o rotaion orrevoluion ofthe object with the fnear motin.

Rotational mofion (dso cale spin) s where the object ravls an increment of angle dTheta over an
increment of time T, The ange Theta i measured fom some stating pont (usually af e T= ) and
wapsaroun e spn s, which s somefing ke e b of a e

St

How o determine Rotafional Inerta

s the efermination of the rotatione netiaforan object with  compticated shape voles a tedious
caleuation, orthe value must e obtaied by expermen. Fortunately, the caleuaton ofthe otatione
inera for homogenous obyects with sple geometic shapes i relaivey sraight forward. For exampk,
a tin-valed cyfinder or g with mass M end raus R has all of s mass ata istance r= R from the
naurel or symmetry)axis ofthe cylnder. Consequently,the rofaionalinert about s axs

[=)R,

Step

Exercise 2
Find the moment of ineria of a muform sfick of length L and mass M about an axis perpendicular to the stek and through
ot end i fig below. Assume fa the stick s neggne tickness|

[
[zt

Writing dm in terms of the mass density, p and dx
b=pas

Substituting the above and itegraing, we have.

L=Jivin
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Topic:Energy and Gyration of a Rigid Body

)

[ 3 ThE END OF LESSON ONE

DANJUMA, ALHAJI BIDA

(K

ENERGY AND GYRATION OF ABODY !
I a ; Wt e ol

ket eneray of ofaton f the sum of the Kinetic energis of the cividualparticks n the objec. The kinefc energy of otaion ofa
rizid body f obtated by firs ividing 1 p nto  colesion of smller masses, and then summing up the Enete eneres due fo e
fangental veocits of the ndividual masses making up thatrigid body.
Toobiat Roaioe et Eery ofa body ve e
BV e ()
Summing ove ll the elements and using V; =1 gives
Kf&%m:’rﬂ: ﬁém[nw]

=4 (JomirilJul

The temnnthe second et of prentheses i the moment ofneri neltive o theasds of
rofaton. The kinete enengy is s

Rt ()

Equaton (1) st rteionel anslog of K = ¥ mV* for near mation.
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Sty
Exercise on Rotatonal Kinefic Faergy.
Afy wheelvsed for storing enerey consist of & uiform disk of mass 1.SexpS and radits 2.2 rat rafs at 3000 r i about 5
center of s, Find s kinetc energﬂ
Solutor
The kinetic eoergy & calculaed diectly fom  g-y.p,2 o oblam K injouks, we must express e
agnlar velocity  radians e second.

The kinefic energy o roaton 1 Ky =

Now et calewats the moment of merti of the disk
1= MR=4 L 5x kg (Lnf
=3 fx 10k !

We then convert o o rads

00 rey Irrad
4= ——1—=lals
[ frar

Substute these value o find the kinetc energy
R lsi=34 03601 1P il

Bk =1 Bs] Net

S

Parale] Axs Theorem

The paralle s thearem can be used to determme the second moment of area or
fhe mass moment of mertia of a rgid body about any axss, ven the body's
moment of merta about a parallel ats through the objects centre of mass and the
perpendiculr distance (1) between the axes.

Parale Axis theorem tatestha the moment of mertiFay et abnt
an axi through s center of mass i the munumum momeat of nertia for an axis
fhat directon i space. The momsent of merta about any axis paralll o tht exs
fhrough the center of mass s gven by:

lparallelaxis= lcm+Md2

105

= X

Stp3

What  Radius of Gyraion?

Radius of Gyration 15 regardless o the shape of an object, we can afways fnd a radal
distance from the axi of rotatio af which the concenration of the enfie mass M of
the object would produce the seme rotafional meriaas that of the extended object
itself. Then, the otationel merta 5 equal o the vafue for  partcle with a mass Maat a

ditance, namely, 1= We efr o tis itnceas te Radius of Gyration for e
objectabout the prticular i, thus =< =L

For a planar distibution of mass rotatng about some axis  the plane ofthe mass, the
radius of gyration i the distance from the s that oll mss can be concentrated o
obtam the same mass moment of mertia. Thus, th radius of gyrafion s the

" equvalent distance of the mass from the aws of rotation. In his context, gyration
can be defined as rotation of a planar regton about some axisfying in the plae.

St
How o prove the Paalekaxs Theorem step by sep.

We can prove the paralll-aistheorem using the result %=1

Thati the inetc eerg of st ofprticls i the sum of the inetc eerg o the motin oftheceterofmass
s he kinetic energ of the motion elaive to th centr ofmass.

Butthe ket gy of s v moton .., = 4,

The veloey ofthe centerof mass eaive o any poton the ais ofrolaton s Vem== o, The kineficeney of the motion
ofhe center of mass s s,

MV =M pof = Mo¥
R=4 Mot 100!
=4f=l)e’
=#]e?

wit

Jeg-l,  Whichisthe Paael Avis Theorem




Step6
Exereise |
Detemmin the moment of nerda of niform Disk about a perpendicular as through s center

Solutor:

Forthe case of aorm ik, we expect that ] (momentof ) wll be swaler han MR, sicethe mass s ol disrbvied from s = Do =R
rather than g concenraed ate =R s s mahoop. hﬂghfhw:mhmekmkabopofmdﬁnmdﬂidmﬂhemmbfhﬂﬁmfm

Lt
dm=|ﬂ;d_q

ok
1
Where A =R s theare of the disk. We s have

I<[in

= IR fy il

MR

=H MR S

e mass et . Sincethe area ofeach lment s ;. . Sicethe aea of each eloments A = v, themessofeach cement &

Topie: ANGULAR MOMENTUM

Bl

DANJUMA, ALHAJI BIDA

Back Nest
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.|
Sepl

What 5 Kinectic Eneray of Rotafion?

iefc eergy of otaion the som of e kiefc energes of the ndvidualparticks in e objet, The kineic energy of rofaton ofa
1igd body s obiained by fis ividng it up ino a coletion of smallr masses, and fhen summing up e ket energies e to e
Hngetl velocies ofthe i masses makigp i .

To obta the Rotational inectic Fnergy of a body we have

=4 e ()
Summaing over ll he elementsand usina V=1 aves
I
&FZ&EWM: EiEYMWJ
=4 Eemiril)al

Thetemm i the second et o parentiesesis the momentofmertal rlatve tothe s of

otation. The ke energy s hus
A 0

Equaton (s he rotafonal analog of K = mV* for fnear motion.

.|
Sep

Whats Radius of Gyraion?

Radius of Gyration i regardless of the shape of an obyect, we can always find a radial 1

ditance from the avs of rotation at which te concentration of the et mass M of
the object would produce the same rotational nertia as that of the extended object
itself. Then, the rotational nertia is equalto the value for a perticle with 2 mass Mat a
distance , namely, 1=hr We refer to this distance as the Radius of Gyration for the
obyect about the particular ais, thus == =~[.sém

For a planar distribution of mass rotating about some axis n the plane of the mass, the
radius of gyration 1 the distance from the axis that all mass can be concentrated fo
obtain the same mass moment of mertia. Thus, the radius of gyration s the
“equivalent distance" of the mass from the axts of rotation. In this context, gyration
can be defined as rotation of a planar region about some axs fymg m the plane.

Next
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Exereise on Rofafonal Kinefe Fnergy.

Al el wsedfor sorg energy cousiof o s of mas S and v .t ot 3000 v oot
cenfer of mass. Find s inel energy

Solfion
The kinetc energy s caleubaed diretly fom g1 To obfan K n joules, we must express e
angular veloetty i racians per seeond.

The kinetic eneray of rotaton s Ky =¥ e

Now It calalate the moment of et of the dik.
=R =4 (15 10y (L}
=363 5 10k '

We then convet o ad’s

00 rer Inrad
07 ——x——=]lnis
ls irer

Substiue these values to fnd te kinetc energy
K=t 1=4 (3.63 x 10kg) (14madsf

=175 10%

Sepd
Paralll Axis Theorem
Th parallastorem can be used todetermine the second moment of awcaor [
the mass moment of mertia of 2 rigad body about any axis, awven he body's
moment of mertia about a paralle axis through the objects centre of mass and the |
pemendicular distance (r) between the axes. '
Paralle] Avis theoremstats ha the moment of ertaofany objectabout
an axss through its center of mass i the mummum moment of mertia for an axss m
that direction in space. The moment of mertia about any axis parallel to that axis
through the center of mass is given by:

—_—
=

lpara\lelaxis = ]cm + Md2




St
How to prove the Perall-axis Theorem step by stp.

We can prove the paraﬂel-axis theorem usmg the esultR=4 104K,

That i the Kinetic energy of a system ofpatcles i thesum ofthe inetic energy of the motion ofthe center of mass
ol the et neryof he motio elative o the ceterof s,

o teKinefc eery oftis eive motioni = ]

The velocty ofthe cener of mass vt any point onthe e of rotaion Vo= ho. The ineic enegy of the motion
of the cnterof mass i hus.

H0Vg= M bop =N o
K=4Mo't-%lg00
=H0k=1)e!
=Hle*
vih
=], Whichisthe Parall A Theorem

St
Exercise 1
Detemi the momentof nerda of v Disk ahout a pemendiouaraxis through s ceter

Solndior
Forthe caseof a o sk, we expet e  moment of et wll be sl than MR s the s s oy dsthted Fom 1= D 0 1=R
ﬁhﬁﬂmbchgmmdm:lhsikham&fgbdmmimdmmiamdluhrﬂl&m&.lhmdhﬁdmy
oven mass et 1. Sce the area of ech ebment s srém.  Sice the aea of each et s A = D, the s of each cement

[
e

o
L

Whee A =nh is e area ofthe disk We fuushav

[=[tiin

- = mi

=M ol

R R
- =4 S
LB | LS
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AVGULAR NOMENTUM AND TORQLE e
An Angular momentum  the cross productof posifon vector and momentum. L=rx p. Olets
. ing uotonaround a point possess a quaniy calkd angolar momenfum, Ths i an importnt
Angular Momentum of a Particle m@mmmﬁmﬁz&mﬁmmmmmﬁm
conservad i our Universe: it can be ransfered, but i canmot be creaed or destroped. For e
Th mpl svmin f i e s sl cast 0f  smell mass execufing umform cireuar moton around a much brger mass (5o fat
F nviregeioadovaorgais ay e can eglec the efect ofte center of mass) the amount of gl momentum takes  simple
fom. s th acent e st the magritde o the anglr moment s s L=
L=mvrsmf v, where L the anguar momentum, u s the mass of the suall bt v s e magntde of s
| f i velocy, and 1t sepaaio beween the objcs.
0 { ormore fomaly by e yector rodict
P
—— L=rxp o
The cecionis e by et b i Angoler momentum i conserved 1 a sysem where fher 5 10 ef extemaltorque, and s
ichwoud ghe L the drecion ot of e b conservaion beips explan many iverse phenonsena. For exennp, te mcreese i roafional speed of
o Fr o, g o s 2 spimng e skter asteskate' rms ar conact 2 consequence of conservaton of
f %ﬁﬁf;&% angular momenfum. The very high rofational ees of nevfron sfars can also be explaned i ferms of
N == angular momexfum conservaton. Moreover, angular momefm conservation bas numerots
”[tl; L=mv I applcatons i physics and engineerng (.. e gyrocompess)
= 3
ik e
Sty
. Sip3
E;ﬁ:emﬂar fum gbout the orign or the followng sivation. (3 A car of mass 1200 ke fer clockwise i a cirele s Tage!
ol momet e origh for the follwing siation. (3 A car of mass 1200 kg moves coun inacick: . : : —— —
s Ymvih el ms, ) The e crmos Wiy V= 5oy B e y=yo= 1 prde e . Moo et e et by el 5 e o e o
(A dsk e ko M s 10 e s o i e e e
) ! {t s will not. The fendency for a foreato produce rotaton s proporfional to fe mamiude of the force
W P—— Soton andtloﬂledislancx?f;omﬂ]epohmfappliwﬁuntotheceﬂerufmmﬁmIheqnanﬁtaﬁvemmsutenfﬂl's w-mrj\
. Vike bz g rotation tendency i e of he TORQUE prodce byt foce o
f L TOTEE L) e can s simply efine Tonque a5 2 measire of how mch a foree acing on an et causes it
. y=p=l T abjec f rofte. The objec ofees about an s, which w will cal e pivot point,and willabel 0" We
- ] il e fore . The st o v pi o e pot whee e e act sl e
ity P [10x 1<lo moment e, s et by . Nttt 5 e, s o e, psfom e s f
= “fri-prlal Tk rofation t the point where the force act. (Refr fo Figare beside for a pictoral represenafion ofthse
=tivyj ' defnfions) |
! =pfisi-yolid =(0F)ob Ttcan alo be said o be the product ofthe magnitude of a force and s foree am. Any veetor can be 0 [
— P=nV=pi expressf femas of s component vectors, Therefore, a force  that s applied foa prtcle m, as st RG———e
_IiE:_)mIT(JIZGMg}USm-‘s]k =g()-wa () =(10 (120 (00 0 Ty ﬁgmbelowcanbeexpressedintmnsofoompomnlﬁperpendjmhrtoﬂleposiﬁogvectmranda —]—
component FI parelel o r. Ouly the componeat F1 can produce a torque about the point 0. The
=365 1Wkgntsk =gk =18 et magniude ofthe torque produced by F about 0 defned o be +=1F, =1 f+ie
={h) (g Wite s e uulr e bt e osie e of . g vl oo, e
gk wrie, n aalogy with the deftion of angular momenfon:
Back Neit Back Next
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Stepd
Relatonship befween Angulr Momenfum and Torge.
The sl ofNevon e st A moment T which sttt e e o e o e o of

g el e e e g o e e Foea b g oa g e st el oo D e s e s et
e

T TR T1R+——=11IF, o= LA

=11k,

The aettorgue actng on a sysemm of artcles

Acordingto Newton'ssecond aw, the et oreequalsthe rae of
change of the linear momenfum . Ths,

Lr=TdLdt=00tEL;= dLd,

Therefore,
T=rih=rndpdt It =it
we ean eompute LA vsing he product role for deivatives. Te =il
et~
dUdt=drP)t =41e)t
=dridts P+ rydPidt Thoit
The firtetm on the ight sda of this equation s zer because I
frdizperant=0 Where o= dodtisthe angular acceleafion veetor

T Thisonpliesthatthe net xtemnl torquesis aqual o the product of
Lit=rxdpit rotatonal ineria and angula aceeleafion.

= dLidt

Back

Step6

Exampl:

Anery-go-toued of radins 2 and momeat of mertia S0k i rofating abou a fichouless pivt, making one revolufion every
S5, A chi o mas 2k gy sadinga e cete ks out o the . F e anua speed of e memy-ao-ond.

Soluon
The il g vty s e o e il g vy by Sy
cservaion of gl momeriim .
=t
mRIm
L=l
. S0igm i
Ipfe=lets () stig
i
The mometof e o e e e momentof s of e mery - o
romd st e - g
_i Ei]
lp=lth=lio

Tl =0, =R, S e e

[l =L

110

St
Law of Conservaion of n Angular Momeafim.
The b of canservaion of Angular Momentum stafe that "Whenthe et extemal torque acfing on a system abowt a gven aws f 20,
te ol anglarmomentum of syt about et s e constnt
Angular mementumis defined as: - - A .
L- ?x P i=‘[+m:0)
Differentiating both sides with respect to "t" it
i d & [Wo}
e
i Tl P 4.7
— -_— 4 -
@ A & d
i -7, Pd d-Lb_"
A W
_ P
but d_r.:V F.||
I 0
LI:' = _'+ TN -V. ' =n
d ' Inteqratingboth sices
since F:m;id'. _L‘=C
A T m (V) Tustheargdamomstnfapatceis cosenedfandon et e
dt torque acting on a particle s 2210,
Back Next
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Stepl
History onthestudy of Planet

At the nightme sy with s myiad stars and shining plane hs avays fascinated humankin, toward the end
of te siteenth cenfury, the asronomer Tycho Brehe sudiesthe mofion of the planets and made bservations
fhat were considereble more accuratethan those previously avlabl. Using Brahe ta Johamnes Kepler
discovered tat the pahs ofte planet aboutthesun ae elipse fig 1 beow. He also showed tha the planes
moves fster when thir orit bring then closer tothe sun and sower when teir ohi takes tem fater
away. Fialy Kelrdeveloped  precie mafhematicaelion etvee the eriod of a plne{and s avemge
distance from the sun. Kepler staed b resusin tree empirica faws of planetary mofion. Utimately, these
laws provided the basis for Newton's iscovered of thefaws of aravy.

The planets generally move westto-¢at through the stars (prograde motion), but periciocally, he mofion
changes and they move eastto-west through the stars (ferograde mofon)

The planets' mofons share some common feafure:

1. The mofions of the planes e roughy confined to the ecptic. This mups tha the ot of the planets are
roughly co-planar withthe orbit of the Bath aboutthe S,

2, Notas obvious s he fct that all planes orbtthe Sun nthe same sense s does the Earth, This means that
{hey usuall move i the west{o-¢as directon on the Celstal Sphee (CCW s viewed from he NCP).
Hoeve,an exceptionto this mofio s therefrogade moton sometmes esibied by the plaets (ee below).

3. The planet'orbit area rovgtly crulr i shepe.

Bk Y

_ GRAVITATIONANDKEPLERSIAW
Orhit
Eccentriit

’ ; A Thelining e plant o o Sumsveegsout
Lﬂwﬁm mm’m‘m“ ot e e .
L aondbeskps.
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| \ Perlon | ohelon

| . |
!
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\ J :J
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Jobhannes Kepler. The Laws of Planctary Motion
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Siepd
Whis an Elinse?

An elipse is e locus of pans for which the sum ofthe dstznce from o fociF is consiant a5 show in the neary
cireular, wih the cistanceto e sun a perhelion | closest poi) being 148 x 10 11m, and ata phellon (irhest
point) being 132510" .. The semiMajor axis equals the average of tese diagram beside, a planet olowing an
elipical path withthe sun afone ocus. The earh’s orbits distznces, whichin 125102 ($3milion mles) for
earh's orbit The mean eart- sun distance define he Astonomical unit (AU)

‘ 1A0=1302 10 =9 0 0P

The AU s used fequenty in problems dealing wih soar system. A planet moves fastr when s closer o he
sun than when ts further away, 5o thatthe area Swept out by the radius vectorin & gven time nterval s the same
throughout the orbft. The aw of equal areais refated to the conservaon of anguiar momentum.

Wepler'sthi e refates the period ofany planeto s mezn ditance from the sun, which equals he semimejor
ais of s elipical path. In algebrac fom, i the mean disance between a planet and the sunand Tis the
planef’s period ofrevoluion, kepler's third aw sates thet 2=

Whers the constzntC his the same value foral he planets. This faw s 2 conseguencs ofhe factthe orce
exeried by e sun on a panetvaries inverselywith the square or e disiance from the sun o the planet

Back Next
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Skep3
How to Determne Gravitational Constant.

The vlue of e patational consan G czn be determmed by ueasrns he fore befween apar of
bjts withkmowm massesthatare separated by a ko istance. The fst expermentfrom whicha
rezsonzbly acewate vale for G coud be obtaed was caried out by the Fgkh chems Heary
Carendsh 1731-1810), who repested s result o the royel socetyin 1798, Fo s measrement.
Crvendh wed on isroment caled atorsion balnce that ws sl fo e oge vened
dependenty by Chares colouh and wed by b sinies of eectic a!ldmag.n:ﬁc forces. The tpe
oftorson belaneeused by Cavendis consstof a thinrod i came o sl bl with masses | and
1 The rod s attached o the lower end of a wireta 5 suspenced from a feed support. The apparatis
allowed focom o est vt g bl M1 anc M2 some istance vy, Ths e postion
s measured by directng a gt beam from a tfonary source oo a mor tht s afacked o he
stspenson Wi, the point af which the seflected beam s seen on e sale s recorded. Newt e e
s are moved dose o the smal bk

Becanse ] atracts ] and ) afacts ], atowcues & eveted onthe rod [t ot hrough a sl
auge o he estor orque e o the borsone once inthe vt e st blanceste raviaonsl
Horque. The annlar cislacementof hesod s detemned by not he e posibon of e Bkt spot oo
the scal. Theforce necessar b tvstthe wie by & ceta amonnt (e so-caled frsion constn)
et o the period of oslaton of hesytem, whichcan be mezewed i separate expeneace. fnthis
way Cavendsh measured the graviational force beveen kmorm masses sepesated by a known diance
The vlue of G obtaed from Cavendish s et oaly | preent iferent Tom the vale now aceepled.

Back Next
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Newtor's Law of Universel Gravitation

Law of Universal Gravitation

Bach objectn the univere afacts each ofher body.

fobject A s mass M and object B has mass Mb, hen the foce F on
object A dvecte toward objet B and bes mapnie

object in the Universe attracts

ofber object with a force directed
along fers for the two
objects that i tional to the
product of their nd inversely
proportiomal o the square of the
separation between the (wo objecs.

F=GIL /7

MM [
=6 60
i I m, m

Fyis e gramitonl fores

My ey are the masses of the two objecs
I 15 the separation between the objects

(3 s the universal gravitational comstant

Bak Nest
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Step6 — -
Gravitational Potential Encrgy

Gravitational Potential Energy ~ t--|F
i
The el expresion o it ot ey s o e v of vty | G,
and 5 equal fo the work cowe agamst vty o e & mass fo 2 gven ot U T I
space Becase o e are gare of e gravyforee, e force i
appeoaches et forrge tnces,andit ke smse o choose e e of [11]

s ol ey e e vy, Te i poetid | ™ 00 | i /
ety near a planet i e negaihe, sice mavty does posiive work a e mass ‘
approactes. Ths negatve potental s acicatve ofa bound e, once a s

ndheretis...
eearalarge body, it s trapped il sonefhing can provit enough energy o allow andheets
Hoescape. Te seoetal fom of he raviadona poentl energy of s G
I
J=0n & |
f Where ..

where s the gravtation constant, M s the s of the ativactingbody,and s the
distance befweza tef ceaters

U, =qravitaional potentalenergy
mm,=masses ofany two objects
r=saparafon befweentheircenters

This s hefom for the paatioal potental energy hich s most wsehil o . L .
T G=universalgravitatonalconstant 6.67 » 10+ Nvkg)

calalatin the 2scape velocty fom fhe earh's sy,

Back Next
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What i an Escape Velocity!
"Escape velocity" s the el speed requiredto go fom an il poit n a
sravitationa potentil ek to nfty with a resdual velocty of zero, with
speeds and veloctes measured withrespect t the fld, Addionaly, the
eseap veloty at a pit nspae i equel o te spee it an obct would
Dave i started a et fom an nintedisance and was puled by ravity fo
fhat point. n common usage,the il point s o the surfa of a planetor
1001
Ttis derive by setting the total energyat the surface of he earth equalto zero.

Eseape Veloity
e ot v ol i o
et s, i e abecefcnrestoce ol e

E=K:U4).

V) GMmRs =0

Vi=1 (26N Re) =1 (2gRe)
Usingg=9.81 m's*andRs =6,37x 10°m, we obtain
V=V 208 Ims1)637X 10%)]

=11.2km's

Thisis about 6.95 mi’s or 25,000mih.

Next
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SURFACE TENSION
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Step?
Whats a Surface Tension?

Surfce ension i a conractvetendency of thesurfae ofafuid that allows i o resistamextema foree. It s reveaked, for exampk, i
fhe loating of some objets on the suface of wter, even thoug they are denserthan wate, and nthe ably of some fnsees (e,
Wae stides) o on he watrsfac. This propety i cavse b cobeso o i mokces, nd responsbefor many of
fhe belaiors ofquids.

Surface Tension and the Water
Strider

Surface Tension

(The cohecve forces between Bqad molecules are responsibleforthe phencmenca
linorwn as surfce teasion. The molecules at the suface do not bave other Bke
molecules on al ides of hem an consequent they cobere mare strongy o those
|drectl associated withthem o the surface. This forms 2 sface 'l which
ﬁmkesimuﬂcdlomm‘embkcmmmmfxerhan(ommﬂm
it compeey boersed

[

Suface tension s typically measred in dynes/cm, the force in dynes requred to
break a fim of length | cm. Equrvalent, t can be stated as surface energy m ergs
per square ceatmeter. Water at 20°C has a surface tension of 72.8 dynes/em
compared to 22,3 for ethyl alcobol and 465 for mercury.

i

Surfacetension  Surface tension  Surface tension
ofkings

andcapllacty  andbubbles  and droplets

Back

Next
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Stepl
Phenomena of Surface Tension

Aliuid fowing slowy from the tp of a mediche dropper emerges not s  confinuous siream but
s asueeession of drops. A sewing eedee, i placed careully on a water surface, makes a smell
depressionntesufceand ests e withou snin, even though s sty may e s much a5
10 s tha of watr, when a clean glasstube of small bore i dipped ino waer, he waterrises
e fube, but f the ube i dipped in mercury,the mercury s depressed. AN these phenomena, and
many others of a s nafre, ar associats with the existence of a boundry surface between a
fiquid and some other substance.

You can foat a paperclip o th surfae of a gas of wate. Bfore you tr tis you should know
fha i helps i the pape cip s a Bt greasy sothe water doesu't sk o (bt on your noseor Y
forehead.) Place the paper chip on a fork and ower it sowy uto the water. The paper clip s
supported by the surface-tension sk of e water,

The wafr stnider i an nsect tha huof s prey on the surface of st wter, i has widely spaced
feet athe e the pads of a honar fander. The skinfike surfaceof the water i depressed under the
Waterstrider's et

Back Next
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Step3
COHESIVE AND ADHESIVE FORCES.

When a bquid comes nfo contact wih a suface (such as the walls of a graduated cylinder or a fabletop), bt cobesive and adhesive
foroes willacton . These forces govern the shap which the Bquid takes on. Due to the effects of adbesive forces, iquid ona
sufoecan spred ut o fom i, ey uniform Sl verthe e,  proessknow s e s g aga),
Aberuatvel, i the preseace of trong cobeste forces, he iuid can divide it  nomber of sal, roughly spherica beads which
stand on the suface, maaing minnal contact with fhe suface,

Cobesive Force: Colestve foreesare the méermoleoular forces (such as fhose from fydrogen bonding and Ve der Waaks forces)
witich cause  fendeney infiguids tosesst separaton. These atfactve forces exist between moleges of the sam substance, For
instance, i falls i droplets,rather than a fne s, because water s strong cobesion which puls fs moeeules fshy fogether,
fornang droplets. Thts forcetends fo it molecules of  Bquid, gatherng them fo elafvely arge chusers e fo e molecules
diseke for it sumounding.

Adhesive Force: Adbsive forees ar2 e atiracive forces befeen unike molecules, They ae caused by forces acfing befeen fvo
substances, such as meshanical foces (siking fogefher) and elecmostaic forees (ataction due fo apposing charges).Infhecase of
 quid eting agen, adbesion causes the i to cling o the surface om which it est. When water is poured on can gass, i
fends f spread, forming i, unifom fm e the glesses surface. This i becanse the adhesive forces between waler and glss
arestong 2nough fo pul e water molecues out of ek spherical fomaion and hok them agins he sface of he s, s
avoiding fhe epulson befween ke moleules.

Back Nest



Stepd
Ange of a Contact.

The angle of contact 15 efined a the angle between the sold surface and the tangent lae to the fquid surfaceat
the point where it touches the solid; the amle 5 measured through he iquid. 1t can be seen from Fig. 3 above, that the
meniseus is concave when  n s than 90 degree andis comvex when i areter than 90 degree. A liquid 5 said fo
“wet”a surface with which it angl of contac i less than 90 degree. The angle of contact between water and clean
gl s 20, bt mereryand e glass s 137 e, Ths water“vets” e g, ey does ot

The zero angl of contact etween waterand clean glss s e o the adhesive force betwen water nd
glass being very much large than the cohesive foree betwegn the water molecules themsefves. This explains why water
tends o spread into  hin contimos film whee slashed on  borizontal clean glasssurfice, Mercury, on the oher
hand,forms into it drops; water onthe soof f  feshly waxed car behaves in a smilr fshion. The addition ofa
efergent 0 & liquid lowers s surfacetension and rduces the contact angle, Water- proofing agents have the opposite
effect.

Stps
PRESSURE DIFFERENCES ACROSS A SURFACE FILVS

A soep bubble consists of two sphericel surface flms vy close fogether, with fiquid between suface fenson meles he fims
fends fo contact,buf s th bubble contacts i compresses the nside af, mereasing the infeir pressure {o & point which preven's
firther contrection. To obfan a relaion befween surface fension and fts excess pressure we apply the principes of staics o ore-
i of e bubles. As  preminery, consier s a sl lement A of e s, Supposeteair ressureonte b o s
clement s Pand that on the right 5 Pa. The foree normal fothe ebment i therefore (P - Pa) AA. The componeat of s force i e
X diection 5 (P- P2) Aeosh
But AAcosf s the aea projeced on a lane perpendioulrfothe X - axis. Th force n the X- dirction 5 therefore the diference of
pressure aulipld by the projected aea inthe X- direction. Now considerthe hal bubbe the ofher balf everts a foree fothe ket
eiual o tvie the e equal o tvice the st enson mes e pereer o - g el =y 0o

Since the half- bubble s n equilibrium.
(P-Mak =4aky

R L

Fora fiquid drop, which has oy one srface i, the difference between pressure of the iid and that of the owtside i sl hat
fora soap bubble.

Sy
Howto mezsure Surface Tension Using Cepillaryrise.

Water i a caplery ube rises above the evel ofthe wate outide. The effect s known s captlery ise and is most marked wih namow
fubes. The abity of blofting paper to soak up nk s due o the same efect, the spaces betwee the ibers act asfne caplary ubes. A

Huid whose angk of contact s greater than 90 egree suffrs cadly depression Borh caplry i and capilary epression e cased
bysurfaoetenskmandproﬁdeammnsbywhjchmesurfacetmﬁm'“{““ofaliquidmaybememeﬂ

Suppose fhat a capilary fube s held verealy i  opid which s a coneave meniseus. Surfa tension forces cause the figuid to evet
or dowmvand diected foree o the wals of the fube. In accordance wih Newton's third b, the fube exerts an equal nd opposte force
on the figid and f es infe ube. At equbbrim the gt ofte quid whichhes been e up is equel o he vertical component of
e foreeeverte by the fube. The mass ofthe e Bquid i the product ofts densty p end s vohme shand ferefoe s weiht i

g
Thelenghof the Eiquid wfice I comtac wih the e is equel ot coumferce Jav of e

tube; and therefore the vercal companent of the force exerted by th tube s

Laryush
Therefore at equitbrim.

Taryeosd=parhg
. orhg
1=

From which y can be determined
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Step1
SIMPLE HARMONIC MOTION

stuple hermontc motion 5. fype of prtodic motion where the restormg
foroe s diretly proportional to the displacement It can serve as a
mathematical mode] ofa vaiety of motions, such as the asclaton of a
sprg. I additon, other phenomena can be approxumated by simple
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Simple Harmonic Motion

Simple Harmonic Motion Equations

(The motion equaion for simple harmoaic motioq contams a complete description of
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IDENTIFYING THE GRAPHICAL REPRESENTATION OF SINUSOIDAL WAVE
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SIMPLE PENDULUM
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DAMPING EQUATION

o ek

b iscalled the damping constant or damping coefficient

Again, simple manipulation leads to: WII!I?
b bie b
at t mdt t no F
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Tosolve for a we have to use the dread quodratic formula:
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(where it becomes , where sthe frequency of
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APPENDIX G

LECTURE METHOD LESSON PLANS.

LESSON 1
NAME: DAJUMA ALHAJI BIDA
MATRIC NO: M.ED/EDUC/3507/2009 — 2010

SCHOOL: FEDERAL COLLEGE OF EDUCATION, KONTAGORA

LEVEL.: 200 LEVELS

COURSE: PHYS 213 (MECHANICS AND PROPERTIES OF MATTER)

AGE: 17 -21 YEARS

METHOD: LECTURE METHOD

TOPIC: INERTIA OF RIGID BODY

DURATION: TWO (2) HOURS.

BEHAVIORAL OBJECTIVE: By the end of the lesson the students should be able to:-

i define rigid body;

ii. explain how to determine Rotational inertia;

iii. determine the rotational inertia of thin uniform, uniform solid sphere and
uniform stick.

INTRODUCTION:- The teacher introduce the lesson by explaining to the students that; In the
dynamics of translational motion we recognize that a solid object if it is not too large
compared with the scale of its trajectory will behave as a point like particle. Also we
knew that motion of an object can be represented by a particle located at its center of
mass. Rotation, or spinning, was not considered in the motions of objects because a
particle, a point mass, has no physical dimensions. Rotational motion becomes relevant
when we analyze the motion of solid extended objects or rigid bodies.

PRESENTATION: - The teacher present his lesson as follows:-

STEP I. The teacher define the term rigid body as: - A rigid body is an object or system of
particles in which the distance between particles are fixed and remain constant. It
is also referred to as a body with a perfectly definite and unchanging shape is
itself an idealized model, since real materials always deform somewhat when
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STEP II.

STEP IlI.

STEP IV.

STEP V.

forces are exerted, but it is a useful model in cases where such deformation may
be neglected.

The teacher then explains more about rigid body; A quantity of liquid water is not
a rigid body, but the ice that would form, if the water were frozen would be. The
discussion of rigid body rotation is thus conveniently restricted to solids. Actually
the concept of a rigid body is an idealization. In reality, the particles (atoms and
molecules) of a solid vibrate constantly. Also, solids can undergo elastic (and
inelastic) deformations. Even so, most solids can be considered to be rigid bodies
for purpose of analyzing rotational motion.

He further says objects in the real world, however, are not point like particles. A
real object has a mass distribution associated with its size and shape, and the
motion of a real object usually involves both translation and rotation. This type of
combined translational and rotational motion occurs, for example, when a ball or
a cylinder or a wheel rolls on a flat surface.

The teacher then explain to the students how to determine Rotational inertia, as
the determination of the rotational inertia for an object with a complicated shape
involves a tedious calculation, or the value must be obtained by experiment.
Fortunately, the calculation of the rotational inertia for homogenous objects with
simple geometric shapes is relatively straight forward. For example, a thin-walled
cylinder or ring with mass M and radius R has all of its mass at a distance r = R
from the natural (or symmetry) axis of the cylinder. Consequently, the rotational
inertia about this axis is

| =MR?  ring about symmetry axis.
The teacher worked example on a thin uniform circular disc.

Find the rotational inertia (or moment of inertia) of a thin uniform circular disc
with radius R, mass M and surface density p = M/R?, about an axis through its
center and perpendicular to the plane of the disc.

Solution

Divide the disc into rings of differential width dr and area (2mr)dr. Each ring thus has

differential mass

dm=p 2nrr)dr

»
|

Then from rotational inertia M
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dr




= [, r’dm

We have
l, = J o~ Pp (2mr)dr
= 2mp IR rdr
=YsmpR*
=% MR®
STEP VI. The teacher add to the students more example.

Determine the rotational inertia of a uniform solid sphere with radius R, mass M

and density  gbput an axis through its center.
413rR®

=
iz

Solution

By taking advantage of the cylindrical symmetry, the rotational inertia can be
evaluated with a single integration. Divide the solid sphere into discs with
differential thickness dz and radius r. Then the volume of each disc wr2dz and its
differential mass is dm = mr’pdz. According to the result of Example 1 above, the
rotational inertia of a disc about its axis is 1z = % MR*Therefore, we can write,

diz =% r"dm =Y r'p dz.

Now, z2 + r’= R? , so we have r* = (R*- Z%) %, which can be substituted in the
preceding equation and integrated to find I,

| = fdl,=%mpf T (R*— 2%z

Vomp [R'z =213 R 23 + s 29 ™R
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= 8/157Tp R5

=25 MR?

STEP VII Find the moment of inertia of a uniform stick of length L and mass M about an
axis perpendicular to the stick and through one end in fig below. Assume that the
stick has negligible thickness.

N *
Solution:-

Let the stick lie along the x-axis with its end at the origin. To calculate I, about
the y-axis since the total mass M is uniformly distributed along the length L, the
mass per unit length (linear mass density) is p = M/L

The moment of inertia is given by the integral
I = f " x?dm

Writing dm in terms of the mass density, p and dx
dm=pdxM dx.

L
Substituting the above and integrating, we have.

=13ML?

That is the moment of inertia about the z-axis is also /5 ML? and that about the x-
axis is zero, assuming that all of the mass is right on the x-axis.
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SUMMARY :-

The teacher summarizes the lesson by defining the term rigid body as an object or
system of particles in which the distance between particles are fixed and remain
constant.

Rotational inertia is the determination of the rotational inertial for an object with a
complicated shape involves a tedious calculations or the value must be obtained
by experiment. (I = MR?). The rotational inertia of a thin uniform circular disc
with radius R, mass M and surface density p = M/mR? is %2 MR?

The rotational inertia of a uniform solid sphere with radius R, mass M and density
about an axis through its centre is %/s MR?

/37T R3

The moment of inertia of a uniform stick of length L and mass M, about an axis
perpendicular to the stick and through one and is /3 ML?

EVALUATION:-

The teacher evaluate s his lesson by asking students questions based on what he

thought.

Define rigid body.
Explain briefly how to determine the rotational inertia

State the rotational inertia of thin uniform circular disc with radius R, mass M and
M

surface density p = -
State the moment of ifdrtia of a uniform stick of length L and mass M, about an
axis perpendicular to the stick and through one end.
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LECTURE METHOD

LESSON 2
SCHOOL:- Federal College of Education, Kontagora
LEVEL.:- 200
COURSE:- PHY 213
CREDIT UNIT:- 2
TOPIC:- Inertia of Rigid Body
SUB TOPIC:- Energy and Gyration of a Rigid Body
DURATION:- 2 hours
BEHAVIORAL OBJECTIVES:- By the end of the lesson students should be able to:

i define Kinetic Energy of rotation;

ii. solve some numerical examples on Kinetic energy;

iii. explain Radius of Gyration;

iv. state parallel-axis theorem;

V. determine the inertia of uniform disk about a perpendicular axis through its center.

ENTRY BEHAVIOR:- The student had some knowledge about kinetic energy and rotational
inertia or moment of inertia.

INTRODUCTION:- The teacher introduces his lesson by explaining the term kinetic energy of
rotation as the sum of the kinetic energies of the individual particles in the object. The
rotational inertia is the determination of the rotational inertia for an object with a
complicated shape involves a tedious calculations or the value must be obtained by
experiment (I = MR?).

PRESENTATION:-The teacher presents the lesson to the students as follows:
STEP I. The kinetic energy of a mass element m; is
K=%mi Vi e (1)
Summing over all the elements and using V; = rio gives
Krot = Zi%miviZ = Zi%mi(riw)Z

=% (), miri2)m2
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STEP Il

SOLUTION

STEP IlI.

The term in the second set of parentheses is the moment of inertia | relative to the
axis of rotation. The kinetic energy is thus

Kiot="%10% oo, Q)
Equation (2) is the rotational analog of K = Y2 mV/? for linear motion.
The teacher call on a student to solve the below example,

A fly wheel used for storing energy consist of a uniform disk of mass 1.5x10°kg
and radius 2.2m that rotates at 3000 rev/min about its center of mass. Find its
kinetic energy.

The kinetic energy is calculated directly from K = % I’ To obtain K in joules,
we must express the angular velocity in radians per second.

The kinetic energy of rotation is K = % Io®.

Now let calculate the moment of inertia of the disk.
| =1 MR? = % (1.5 x 10°kg) (2.2m)?
=3.63 x 10°%kg .m?

We then convert o to rad/s

3000 rev 2nrad
o= X =314 rad/s
60s 1rev

Substitute these values to find the kinetic energy
Kro= ¥ Io? = V2 (3.63 x 10°kg.m?) (314rad/s)?
=1.79 x 10".

The teacher explain the term Radius of Gyration as regardless of the shape of an
object, we can always find a radial distance I' from the axis of rotation at which
the concentration of the entire mass M of the object would produce the same
rotational inertia as that of the extended object itself. Then, the rotational inertia is
equal to the value for a particle with a mass M at a distance I', namely, [ = M2,
We refer to this distance as the Radius of Gyration for the object about the
particular axis, thus
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STEP IV.

object of

r’= é = %f mridm (3)

The teacher state the parallel-axis theorem for the student as

Let Icm be the moment of inertia about an axis through the center of mass of an

total mass M, and let | be that about a parallel axis distance h away. The parallel-axis

theorem states that

STEPV

| =lgm+Mh* (4)

The teacher then shows the students how to prove the parallel-axis theorem step
by step.

We can prove the parallel-axis theorem using the result
K=%MV?+ Kt e (5)

That is the kinetic energy of a system of particles is the sum of the kinetic energy
of the motion of the center of mass plus the kinetic energy of the motion relative
to the center of mass.

Consider a rigid object rotating with an angular velocity ® about an axis a
distance h from a parallel axis through the center of mass as shown in fig below.
When the body rotates through an angle df measured about any axis of rotation, it
rotates through the same angle df measured about any other parallel axis. The
motion of the object relative to the center of mass is thus a rotation about the
center-of-mass axis with the same angular velocity . The kinetic energy of this
relative motion is

2
Kret =% lem ©

The velocity of the center of mass relative to any point on the axis of rotation is
Vem = ho. The kinetic energy of the motion of the center of mass is thus.

Y MVen? =% M (h ©)? = % M o *h?

The relative energy is 2 [ ® 2 Equation (4) then becomes
K=%Mwm?h*+v% Icmco2
=% (Mh? = lgm) ®°

=Ylw?
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with
I=Mh?+ g e, (6)
Which is the parallel-axis theorem?

STEP VL. The teacher called a student to solve the example on the chalk board under his
guidance.

Determine the rotational inertia of a thin uniform rod

(a) about a perpendicular axis through its center and
(b) about a perpendicular through one end

SOLUTION B A .
2> «—L/2—>» «— ! c >
[ [l (| ]
M <—x—>| | «— x __,| |<_
B dm=M dx/L o drf= M dx/1. y dx
Fig a.

(a) Figure (a) shows the rotation the perpendicular axis BB! through the center. The
rotation inertia is

le= Mx? dx

= M/3L [x* 1. ™2

= M/3L [(+L/2)° - (-L/2)*]
= M/3L [ + g

= M/3L [L%/4]

= ML?/12

(b) The rotational inertia about a perpendicular axis AA* through one end of the rod can
be calculated by using the geometry of fig (b) we find

Ia = M/L J Sox® dx
= M/3L [x%]"

Ia = M/3L [L3-0]
=ML?/3

127



OR. Using the parallel-axis theorem and the result of (a)

STEP VII.

STEP VIII.

Ia = I+ M (L/2)?
=1/12 [ML? ]+ % [ML?]
— ML?+3ML?
12

= _4 ML

12

1 ML

3
The teacher explains to the students how the hoop about a perpendicular axis

through its center look like, that is assumed that a hoop has mass M and radius R.
(fig. below). The axis of rotation is the axis of the hoop, which is perpendicular to
the plane of the hoop. All the mass is at a distance r = R, and the moment of
inertia is

=/ r’dm
=R%f dm

= MR? R

The teacher asks the students to solve the problem.

Determine the moment of inertia of uniform Disk about a perpendicular axis through its

center.
Solution

For the case of a uniform disk, we expect that 1 (moment of inertia) will be
smaller than MR? , since the mass is uniformly distributed fromr = 0 to r = R
rather than being concentrated at r = R as it is in a hoop. In fig. below, each mass
element is a hoop of radius r and thickness dr. The moment of inertia of any given
mass element is r’dm. Since the area of each element is r’dm. Since the area of
each element is da = 2mrdr, the mass of each element is
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=/ r’dm

=f oer%andr

= 2nM/2R? [ Roridr
=2M/R? [R*/4]

=1 MR?

SUMMARY: :- The teacher summarized the lesson by stating that kinetic energy of rotation is
Krot = %2 1007,
Radius of Gyration is
= 1M =1MJ yridm.
The parallel-axis theorem is stated that
| = lgm + Mh?

The rotational inertia of a thin uniform rod about a perpendicular axis through its
center is | =M L%Y12

The rotational inertia of a thin uniform rod about a perpendicular axis through one
end is

| =M L%3
The rotational inertia of hoop about a perpendicular axis through its center is
| = MR*
The rotational inertia of uniform disk about a perpendicular axis through its center
is
| = L[MR?].
EVALUATION:- The teacher evaluates is lesson as

)] Define kinetic energy of rotation.

i) Explain radius of Gyration.

iii)  State parallel — axis theorem.

iv) Determine the inertia of uniform disk about a perpendicular axis
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v)
Vi) through its center
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LECTURE METHOD
LESSON 3

NAME: DAJUMA ALHAJI BIDA
MATRIC NO: M.ED/EDUC/3507/2009 — 2010
SCHOOL: FEDERAL COLLEGE OF EDUCATION KONTAGORA
LEVEL: 200 LEVEL
COURSE: PHYS 213 (MECHANICS AND PROPERTIES OF MATTER I1)
AGE: 17 -21 YEARS
METHOD: LECTURE METHOD
TOPIC: ANGULAR MOMENTUM
DURATION: 2 HOURS
BEHAVIORAL OBJECTIVE: By the end of the lesson the students should be able to:-

I. define Angular Momentum;
ii. apply the angular momentum equation to solve some questions;
iii. explain the term torque;

iv. explain the relationship of Torque and Angular momentum;
V. state conversation of Angular Momentum;
Vi. solve problems based on angular momentum, angular speed.
ENTRY BEHAVIOR: - The students had some knowledge about angular momentum,

torque and momentum.

INTRODUCTION:- The teacher introduces his lesson by explaining the term Angular
momentum as the cross product of position vector and momentum. L = r x

p.
PRESENTATION: - The teacher presents his lesson as follows:

STEP 1. The figure (1) below show a particle of mass M moving with a velocity V at a
position r relative to the origin O. The linear momentum of the particle is p =
mV. The angular momentum L of the particle relative to the origin O is defined to
be the cross product of r and p.

L=rxp. ... 1)
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If r and p are in xy plane, as in figure (1) below, then L is along the z axis and is
given by L = r x p. = MVrSingk. Like torque, angular momentum is defined
relative to a point in space.

W

<Mmv

the magnitude of its angular velocity o are related
by V = ro. The angular momentum of the particle relative to the centre of the

circle is L=rxp=rxmV
= rmV sin90°k AW
= rmVk ;
= mrle k 0 y
=mr’e X

The angular momentum is in the same direction as the angular velocity. Since mr?
is the momentum of the inertia for a single particle about z axis we have:

| =mr’e
=lo ....... 2)
STEP II. The teacher solved example for the students.

Find the angular momentum about the origin for the following situation. (a) A
car of mass 1200 kg moves counter clockwise in a circle of radius 20m with
speed15 m/s. (b) The same car moves with velocity V = - (15m/s)i along the
line y =y, = 20 m parallel to the axis. (c) A disk in the x y plane of radius 20m
and mass 1200 kg rotated at 0.75 rad/s about its axis which is the z axis.
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SOLUTION
(@) rand p are perpendicular and r x p is in the z direction
L=rxp=rmvk y 4

= (20m) (1200kg) (15m/s) k

m
= 3.6 x 10°kg m%s k \\
;

(b)i. For the same car moving to the left aloné the line
Y = Yo = 20m, we express r and p in terms of unit vectors
r=xi+yj
=X i+ Yoj
P=mV =-pi
ii. Now compute r x p
L=rxp
= (X1 +Yoj) X (-pi)
=-xp (ix 1) —yop (j x i)
=-xp (0) - yop (-k)
= Yok
= (20m) (1200kg) (15m/s) k
= 3.6 x 10°kg m%s k
(c).Use L=lo
=1 ok
= (¥ MR?)wk
= {1/2 (1200kg) (20m)?} (0.75rad/s)

= 1.8 x 10°kg m?/s k
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STEP Ill.

STEP IV.

The teacher explain the torque as: it is a common experience that an object can be
set into rotation by a force that is applied off center. For example, a tangential
push on the rim of a wheel will cause rotation, but a similar push along a line
through the axis will not. The tendency for a force to produce rotation is
proportional to the magnitude of the force and to the distance from the point of
application to the center of rotation. The quantitative measure of this rotation
tendency is in terms of the TORQUE produce by the force.

The teacher then defines the term torque as the product of the magnitude of a
force and its force arm. Any vector can be express in terms of its component
vectors. Therefore, a force F that is applied to a particle m, as in fig 5 below can
be expressed in terms of component F; perpendicular to the position vector r and
a component Fy, parallel to r. Only the component F; can produce a torque about
the point 0. The magnitude of the torque produced by F about 0 is defined to be

t=rFy=rfsind6  ............ 3

Where 0 is the smaller angle between the positive directions of r and F. using
vector notation, we can write, in analogy with the definition of angular
momentum:

A FoaF _
t=rxF ... 4) F 0.+”
1

r

v

Torque is also referred to as moment of force. Note that the vector T, which
results from the cross product of two vectors, is perpendicular to the plane
containing r and F, with a direction sense given by the right-hand rule, fig 6.
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STEP V.

The teacher further explains to the students the relation between torque and
angular momentum.

We will now show that Newton’s second law implies that the rate of change of
the angular momentum of a particle equals the net torque acting on the particle.
For a number of forces acting on a particle, the net torque relative to origin 0 is
the sum of the torques due to each force.

Tt = X F1 +r X Fot --m-m-- =rxXF;
:rXFnet‘.

According to Newton’s second law, the net force equals the rate of change of the
linear momentum dp/dt. Thus,

Tnet = r X Fnet = r X dp/dt ......... (5)

We now compare this with rate of change of the angular momentum; we can
compute dL/dt using the product rule for derivatives.

dL/dt = d(r x P )/dt

=dr/dtx P+ r x dP/dt

The first term on the right side of this equation is zero because

dr/dtxP=rxmV=0

Thus

dL/dt=rxdp/dt ......... (6)

Tnet = dL/dt

Comparing this result i.e. equation (6) with equation (5) gives

--------- ™

The net torque acting on a system of particles is the sum of the individual torques.
The generalization of equation (7) to a system of particle is then.

Yyt = XdLi/dt = d/dtZL; = dL/dt.

In this equation, the sum of the torques may include internal as well as external
torques. We’ve seen earlier that the sum of the internal torques must be zero.

Therefore,

T Texe = dL/dt - (8)
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STEP VI.

STEP VII.

The net external torque acting on a system equals the rate of change of the angular
momentum of the system. For a rigid body rotating about a fixed axis, the
momentum of inertia is constant and equation (8) becomes

ZTiext = dL/dt
= d(lo)/dt
= ldo/dt

Where o = dw/dt is the angular acceleration vector.

This implies that the net external torques is equal to the product of rotational
inertia and angular acceleration.

The teacher explains to the student on how the law of conservation of angular
momentum is obtained and state the law for the students.

When the net external torque acting on a system is zero, we have

dL/dt=0

Or L=constant .................... (10)

Equation (10) is a statement of the law of conservation of angular momentum.

The statement is “If the net external torque acting on a system is zero, the total
angular momentum of the system is constant”.

The teacher solved some examples for the students

Q1. A merry-go-round of radius 2m and moment of inertia 500kg.m? is rotating
about a frictionless pivot, making one revolution every 5s. A child of mass 25kg
originally standing at the center walks out to the rim. Find the new angular speed
of the merry-go-round.

SOLUTION

The final angular velocity is related to the initial angular velocity by conservation
of angular momentum,

Lf= Li

Isyst)f = |sysi0)i
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The moment of inertia of the system is the moment of inertia of the merry-go-
round plus that of the child.

lsys = Im + Ic = Iy + mr?
Initially r = 0, finally r = R. Substitute initial and final expressions for lgys
(In + MR%)or = Inoi

Solve for mg:

Im
wl
mR+Im

Wf =

500kgmz2
(25kg)(2m)+ 500kgm2

5 .
= -—wl
6

_Elrev
T 6 55)

_ 1rev
6s

SUMMARY: The teacher summarizes his lesson as, Angular momentum as the cross product of
position vector and momentum. L =r x P

Torque is the product of the magnitude of force and its forcearm. Tt=rxF

The net external torque acting on a system equals the rate of change of the angular

momentum of the system. X ey = dL/dt

The net external torques is equal to the product of rotational inertia and angular

acceleration. XTiexr = la.

Law of Conservation of angular momentum is stated as “If the net external torque acting on a
system is zero, the total angular momentum of the system is constant.”

EVALUATION; The teacher evaluates his lesson as follows:

(1 define angular momentum?
(i) Explain the term torque.
(iii)  State the law of conservation of angular momentum.
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LECTURE METHOD

LESSON 4
School:- Federal college of education kotangora
Level :- 200level
Course:- Phys 213 (mechanics and properties of matter)
Average:- Age:- 17-21- year
Method:- Lecture method
Topic:- Gravitation
Duration:- Two hours

BehavioralObijective:- By the end of the lesson the students should be able to:

i. state the three laws of kepler;
ii. state the Newton’s law of gravity;
iii. determine G;
iv. explain gravitational potential energy;
v. determine escape velocity.
Entry Behavior:- The student had some knowledge about Newton laws, potential energy and

escape velocity

Introduction:-  The teacher introduces his lesson by explaining the term ellipse as the locus
of points for which the sum of the distance from two foci F is constant.

Presentation:- The teacher present his lesson as follow
Step | The teacher give short history about the study of planet as:- at the nighttime sky
with its myriad stars and shining planet has always fascinated humankind, toward
the end of the sixteenth century, the astronomer Tycho Brahe studies the motion of
the planets and made observations that were considerable more accurate than those
previously available.

Using Brahe data Johannes Kepler discovered that the paths of the planets about the

sun are ellipse fig 1 below. He also showed that the planets moves faster when their
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Step 1.

orbit brings then closer to the sun and slower when their orbit takes them farther away.

Finally Kepler developed a precise mathematical relation between the period of a

planet and its average distance from the sun. Kepler stated his results in three empirical

laws of planetary motion. Ultimately, these laws provided the basis for Newton’s

discovered of the laws of gravity.

Kepler’s three laws are.

1.
2.
3.

All planets moves in elliptical orbits with the sun at one focus
A line joining any planet to the sun sweeps out equal areas in equal times.
The square of the period of any planet is proportional to the cube of the semimajor

axis of its orbit

Teacher explains the term ellipse as the locus of points for which the sum of the distance from
two foci F is constant, as show in fig 2. Fig 3 below show a planet following an elliptical path
with the sun at one focus. The earth’s orbit is nearly circular, with the distance to the sun at
perihelion ( closest point) being 1.48 x 10 'm, and at a phelion (farthest point ) being 1.52x 10 **
m. The semiMajor axis equals the average of these distances, which in 1.50x10"'m (93million
miles) for earth’s orbit. The mean earth- sun distance define the astronomical unit (AU)

1 AU = 1.50 x 10" m = 93.0 x 10° mi. -(1)

The AU is used frequently in problems dealing with solar system. Fig. (3) illustrateskepler’s
second law, the law of equal areas. A planet moves faster when it is closer to the sun than when
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Step 1V

it is further away, so that the area swept out by the radius vector in a given time interval is the
same throughout the orbit. The law of equal area is related to the conservation of angular
momentum.

kepler‘s third law relates the period of any planet to its mean distance from the sun, which equals
the semimajor axis of its elliptical path. In algebraic form, if r is the mean distance between a
planet and the sun and T is the planet’s period of revolution, kepler’s third law states that

T?=Cr® —(2)

Where the constant C has the same value for all the planets. This law is a consequence of the fact
the force exerted by the sun on a planet varies inversely with the square or the distance from the
sun to the planet.

Step I11:- the teacher explain to the students on how Newton’s law of gravity was founded:-
Although kepler’s laws were an important first step in understanding the motion of planets, they
were still just empirical rules obtained from the astronomical observations of Brahe: It remained
for Newton to take the next giant step by attributing the acceleration of a planet in its orbit to a
specific force exerted on it by the sun. Newton proved that a force that varies inversely with the
square of the distance between the sun and a planet result in elliptical orbits, as observed by
kepler. He then made the bold assumption that this force acts between any two objects in the
universe. Before Newton, it was not even generally accepted that the laws of physics observed
on earth were applicable to the heavenly bodies. Newton’s law of gravity postulates that there is
a force of attraction between each pair of objects that is proportional to the product of the masses
of the objects and inversely proportional to the square of the distance separating them. The
magnitude of the gravitational force exerted by a particle of mass m; on another particle of mass
m, and a distance r away is thus given by

F = Gmymy/r?--------- (3)

Where G is the universal gravitational constant, which has the value G = 6.67 x10™ N.
2 2
m* /Kg

Newton published his theory of gravitation is 1686 but it was not until a century latter that an
accurate experimental determination of G was made by Cavendish.

the teacher further explain how gravitational constant G is determine: the value of the
gravitational constant G can be determined by measuring the force between a pair of objects with
known masses that are separated by a known distance. The first experiment from which a
reasonably accurate value for G could be obtained was carried out by the English chemist Henry
Cavendish (1731-1810), who reported his result to the royal society in 1798. For his
measurement, Carvendish used on instrument called a torsion balance that was similar to the one
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invented independently by Charles coulomb and used by him in studies of electric and magnetic
forces. The type of torsion balance used by Cavendish consist of a thin rod that carries two small
balls with masses m; and m, .The rod is attached to the lower end of a wire that is suspended
from a fixed support. The apparatus is allowed to come to rest with the large balls M; and M,
,some distance away. This equilibrium position is measured by directing a light beam from a
stationary source onto a minor that is attached to the suspension wire, the point at which the
reflected beam is seen on the scale is recorded. Next, the large balls are moved close to the small
balls.

Because m; attracts mjand m; attracts m,, a torques is exerted on the rod. It rotates through a
small angle until the restoring torque due to the torsional force in the twisted wire just balances
the gravitational torque. The angular displacement of the rod is determined by noting the new
position of the light spot on the scale. The force necessary to twist the wire by a certain amount
(the so-called torsion constant) is related to the period of oscillation of the system, which can be
measured in a separate experience. In this way Cavendish measured the gravitational force
between known masses separated by a known distance. The value of G obtained from Cavendish
is data is only 1 percent different from the value now accepted.

STEP V.  The teacher explain to the student what gravitational potential energy is; near the
surface of the earth, the gravitational force exerted by the earth on an object is constant because
the distance to the centre of the earth r = Rg+ h is always approximately Rg for h << Rg. The
potential energy of an object near the earth’s surface is mg (r- Rg) = mgh, where we have chosen
U = o at the earth’s surface, r = Re. When we are far from the surface of the earth, we must take
into account the fact that the gravitational force exerted by the earth is not uniform but decreases
as 1\r®. The general definition of potential energy gives.

du=-F.ds (4),

Where F is the force on a particle and ds is a general displacement of the particle. For the radial
gravitational “force F given by

du=- F. ds = - Fdr = - (-GMem/r)dr = +( GMegm/r?) dr —(5)
Integrating both sides of this equation we obtain.
U =-GMem/r + Uy (6)

Where Uo is a constant of integration. Since only charges in potential energy are important, we
can choose the potential energy to be zero at any position. The earth’s surface is a good choice
for many energy day problems, but it is not always a convenient choice. For example, when
considering the potential energy associated with a planet and the sun, there is no reason to want
the potential energy to be zero at the surface of the sun. In fact, it is nearly always more
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Step VI

convenient to choose the gravitational potential energy of a two — object system to be zero when
the separation of the objects is infinite. Thus, Uo = 0 is often a convenient choice. Then

U(r)=-GMm/r, U=o0atr=o (7)
Figure (5) is a plot of U(r) verse r U(r) RE -mgy—mg?t
for this choice of U =0 atr = o for E»>0

an object of mass m and the earth 0 //

of mass Mg, this function begins at  u(r) = - GMgy Ei<0 /
the negative value U = - GMgm \ Rg = - mg R Mem = -mgRE "

RE

at the earth’s surface and increases as r increases,
approaching zero at infinite r.

The term escape velocity was explained to the student by the teacher as:- in the past few decades,
the idea of escaping from the earth’s gravity has changed from fantasy to reality. Space probes
have been sent out to the far reaches of the solar system. Some of these probes are expected to
orbit the sun; others will leave the solar system and drift into outer space. We will see that there
is @ minimum initial speed, called the ESCAPE VELOCITY that is speed required for an object
to escape from the earth.

If we project an object upward from the earth with some initial kinetic energy, the kinetic energy
decreases and the potential energy increases as the object rises. The maximum increase in
potential energy is GMem/Rg as can be seen from figure (6).

Therefore, this is the most that the kinetic energy can decrease. If the initial kinetic energy is
greater than G Mem/Rg, the total energy E will be greater than zero (E; in fig. 6), and the object
will still have some kinetic energy when r is very great (or even when r is infinite). Thus, the
object will escape from the earth if the initial kinetic energy is greater than GMg m/Rg,. Since the
potential energy at the earth’s surface is — GMg m/Rg, the total energy E = K+U must be greater
than or equal to zero for the object to escape. The speed near the earth’s surface corresponding to
zero total energy is called the escaped velocity V. It is found by setting the total energy at the
surface of the earth equal to zero.

E = K+U =0.
Y(mVe?) - GMem/Re = 0

Ve="V (2GMg/Rg) =V (2gRg)  --------- (8)



Using g = 9.81 m/s®and Re = 6.37 x 10°m, we obtain
Ve = [2(9.81m/s%)(6.37 X 10°m)]
=11.2km/s
This is about 6.95 mi/s or 25,000 mi/h.
An object with this speed will just escape the earth.
Summary: - the teacher summaries his lesson by stating the three laws of kepler, that is

- all planets moves in elliptical orbits with the sun at one focus.
- Aline joining any planet to the sun sweeps out equal areas in equal times.
- The square of the period of any planet is proportional to the cube of the semimajor axis of
its orbits.
Also by stating Newton’s law of gravity as there is a force of attractive between each pair of
objects that is proportional to the product of the masses of the objects and inversely proportional
to the square of the distance supporting them.

F = GM;M,/r?
where G is the universal gravitational constant = 6.67 x 10'* N.m? /kg?.
Escape velocity is the speed or velocity required for an object to escape from the earth.

Ve = \/ (zgRE)-

Evaluation: - the teacher evaluates his lesson by asking the students the following question.
(i) state the three laws of kepler.
(11) state the Newton’s law of gravity

Assignment.

i.  Explain briefly how to determine universal gravitation constant G.
ii.  Explain how to determine escape velocity.
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LECTURE METHOD

LESSON 5
School:- Federal College of Education, Kontagora.
Level:- 200 Level.
Course: - Physics 213 (Mechanics and Properties of Matters)

Average: - 17— 21 years.

Method: - Lecture Method.
Topic:- Surface Tension.
Duration: - Two Hours.

Behavioralobjective: By the end of the lesson the students should be able: -

i.  explain surface tension;
ii.  identify angle of contact;
iii.  explain capillary rise;
iv.  determine the pressure difference across a surface film;
v.  solve problems on surface tension.
Entry Behavior: -  The students had some knowledge about surface tension.

Introduction: - The teacher introduce his lesson by explaining the phenomena of surface,
that is to say Surface phenomena indicate that surface of a liquid can be considered to be in a
state of stress such that, for any line lying in or bounding the surface, the material on either side
of the line exerts a pull on the material on the other side.

Presentation: - The teacher presents his lesson as follows.

Step I: - The teacher explains the phenomena of surface as: a liquid flowing slowly
from the tip of a medicine dropper emerges not as a continuous stream but
as a succession of drops. A sewing needle, if placed carefully on a water
surface, makes a small depression in the surface and rests there without
sinking, even though its density may be as much as 10 times that of water,
when a clean glass tube of small bore is dipped into water, the water rises
in the tube, but if the tube is dipped in mercury, the mercury is depressed.
All these phenomena, and many others of a similar nature, are associates
with the existence of a boundary surface between a liquid and some other
substance.
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Step 11 The teacher further explain on how to demonstrate the effect of surface
that is to say, in the fig. 1 below a piece of wire in bent into the shape of a
U and a second piece of wire is used as a slider. When the apparatus is
dipped in a soap solution and removed, the slider (if its weight W1, is not
too great) is quickly pulled up to the top of the U. It may be held in
equilibrium by adding a second weight W,. Surprisingly, the same total
force F = W3 +W, will hold the slider at rest in any position will hold the
slider at rest in any position, regardless of the area of the liquid film,
provided, the film remains at constant temperature. That is, the force does
not increase as the surface is stretched further. That is, very different from
the elastic behavior of a sheet of rubber, for which the force would be
greater as the sheet was stretched.

Although a soap film like that in fig 1 is very thin, its thickness is
still enormous compared with the size of a molecule. Hence it can be
considered as made up chiefly of bulk liquid, bounded by two surface
layers a few molecules thick. When the cross bar in fig. 1 is pulled down
and the area of the film is increased, molecules formerly in the main body
of the liquid more into the surface layers. That is, these layers are not
“stretched” as a rubber sheet would be; move surface is created by
molecules, moving from the bulk liquid.

Step 11 the teacher define surface tension for the students. Let L be the length of
the wire slider. Since the films have two surfaced the total length along
which the surface force act is 21. The surface tension in the film, vy, in
defined as the ratio of the surface force to the length (perpendicular to the
force) along which the force acts. Hence in this case,

y=F21 e 1)

The mks unit of surface tension is the newton per meter (INm™). This unit
is not in common use, the usual unit is the cgs unit, the dyre per centimeter
(1 dyn cm™).

INm™ = 1000 dyn cm™.

Another example is shown in the figure 2 below. A circular wire of circumference | is lifted out
from the body of a liquid . The additional force F needed to balance the surface force 2 y | due to
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the two surface films on each side is measured either by the stretch of a delicate spring or by the
twist of a tension wire. The surface tension is ten given by

2] Fig 2.

In nut shell, surface tension is a force per unit length acting at right- angle to one side of a
line down in the surface. OR it is the surface of a liquid act like skin covering the liquid.
Step IV:- the teacher explain the term angle of contact for the students: - the surface of a
liquid is usually curved where it is in contact with a solid. The particular form that this curvature
takes is determined by the relative strengths of what are called cohesive and adhesive
forces. The cohesive force is the attractive force exerted on a liquid molecule by the neighboring
liquid molecules. The adhesive force is the attractive force exerted on a liquid molecule by the
molecules in the surface of the solid. Consider a liquid in a container with vertical sides. If the
adhesive force is large compared with the cohesive force, the liquid tends to stick to the wall and
so has a concave meniscus figure 3a., on the other hand, if the adhesive force is small compared
with the cohesive force, the liquid surface is pulled away from the wall and the meniscus is
convex fig. 3b.whether the meniscus is concave or convex depends on the liquid concerned and
on the solid with which it is in contact. For example, water has a concave meniscus when in
contact with glass and a convex meniscus when in contact with wax; mercury has a convex
meniscus with (clean) glass.

The angle of contact 0 is defined as the angle between the solid surface and the tangent
plane to the liquid surface at the point where it touches the solid; the angle is measured
through the liquid. It can be seen from Fig. 3 above, that the meniscus is concave when 6
in less than 90° and is convex when 0 is greater than 90°. A liquid is said to “wet” a
surface with which its angle of contact is less than 90°. The angle of contact between
water and clean glass is zero that between mercury and clean glass is 137°. Thus water
“wets” clean glass, mercury does not.

The zero angle of contact between water and clean glass is due to the adhesive
force between water and glass being very much larger than the cohesive force between
the water molecules themselves. This explains why water tends to spread into a thin
continuous film when splashed on a horizontal clean glass surface. Mercury, on the other
hand, forms into little drops; water on the roof of a freshly waxed car behaves in a similar
fashion. The addition of a detergent to a liquid lowers its surface tension and reduces the
contact angle. Water- proofing agents have the opposite effect.
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Step V: The teacher explain to the students how surface tensiony is measured, using a

capillary rise.
Water in a capillary tube rises above the level of the water outside. The effect is known as
capillary rise and is most marked with narrow tubes. The ability of blotting paper to soak
up ink is due to the same effect; the spaces between the fibers act as fine capillary tubes.
A liquid whose angle of contact is greater than 90° suffers capillary depression. Both
capillary rise and capillary depression are caused by surface tension and provide a means
by which the surface tension “y" ”of a liquid may be measured.

Suppose that a capillary tube is held vertically in a liquid which has a concave
meniscus fig. 4 below. Surface tension forces cause the liquid to exert or downward
directed force on the walls of the tube. In accordance with Newton’s third law, the tube
exerts an equal and opposite force on the liqUiid and it rises A the tube. At equilibrium the
weight of the liquid which has been lifted up is equal to the vertical component of the
force exerted by the tube. The mass of the raised liquid is the product of its density p
and its volume mr’h, and therefore its weight is

The length of the liquid surface in contact with the tube is equal to the circumference 2mr of
the tube; and therefore the vertical component of the force exerted by the tube is

2nrycosO --------------- (3)
Therefore at equilibrium
2mrycost = prrihg ----------------- 4)
R v (5)
From which y can be determined.
NOTE.
I. The weight of the small quantity of liquid in the meniscus has seen ignored in deriving
Ean (5)

ii. h and r are normally measured with a travelling microscope. The tube should be broken at
the level of the meniscus in order to measure r.

iii. 0 and p are found from tables or measured in separate experiments.

iv. Equilibrium (5) also holds for capillary depression.

Step VI the teacher further explain for the students, the pressure differences across a
surface films
A soap bubble consists of two spherical surface films very close together, with
liquid between surface tension makes the films tends to contact, but as the bubble
contacts it compresses the inside air, increasing the interior pressure to a point which
prevents further contraction. To obtain a relation between surface tension and this excess
pressure we apply the principles of statics to one- half of the bubbles. As a preliminary,
consider first a small element AA of the surface, shown in fig. (5). Suppose the air
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pressure on the left of this element is P and that on the right is Pa. The force normal to the
element is therefore (P - Pa) AA. The component of this force in the X- direction is

(P-Pa) AAcos®6 - (6)

But AAcos0 is the area projected on a plane perpendicular to the X — axis. The
force in the X- direction is therefore the difference of pressure multipled by the projected
area in the X- direction.

Now consider the half- bubble shown in fig. (6) the other half exerts a force to the left
equal to twice the left equal to twice the surface tension times the perimeter or

F (to the left) = (2y) (27R) --------=--====mmmmmmmmmmm )

Fig.6

Since the half- bubble is in equilibrium.
(P - P) TR? = ATRYy =====nmmmmmmmmmmmeeenmna- (8)
PPy = 2 e (9)

If the surface tension remains constant (this means constant temperature), the pressure
difference is greater for small bubbles than for large ones. If two bubbles are blown at
opposite ends of a pipe, the smaller of the two will force air into the larger, the smaller
one will increase in size.

For a liquid drop, which has only one surface film, the difference between pressure of the
liquid and that of the outside air is half that for a soap bubble.

PPy = 2 e (10)
Step VII the teacher solved an worked example for the students. calculate the excels
pressure
insidea drop of mercury of diameter 4mm at 20°c.
Solution
ymercury = 465 x 10° Nm™, R = 0.002m
P-P, =L

=2(465 x 10°NM 7)/0.002m

= 465 Nm™= 0.005atm

Summary:  The teacher summaries his lesson by defining surface tension as:

The ratio of the surface force to the length perpendicular to the force along which the

force acts. Also angle of contact as the angle between the solid surface and the tangent plane to
the liquid surface at the point where it touches the solid.
Evaluation: The teacher evaluate his lesson by asking the students some questions.

I. Explain briefly the term surface tension
ii. Differentiate between cohesive and adhesive forces.
iii. Define angle of contact
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Assignment:
i Explain how to determine surface tension y using capillary rise
ii. Explain how to determine the pressure difference across a surface film
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LECTURE METHOD

LESSON 6
Name: - DANJUMA ALHAJI BIDA
Matric No: - M.ED/EDUC/3507/2009 — 2010
School: - Federal College of Education, Kontagora
Level: - 200 Level
Course: - PHY213 (MECHANIC AND PROPERTIES OF MATTERII)
Age: - 17-21 years
Method: - Lecture Method
Topic: - Oscillatory and circular motions.
Duration: - TWO (2) HOURS

Behavior objectives: - By the end of the lesson the student be able to: -
Q) define simple harmonic motion;
(i) state conditions for simple harmonic motion, in terms of acceleration;
(iii)  identify graphical representation of sinosodial wave;
(iv)  explain some example of simple harmonic motion such as simple pendulum physical
pendulum;
(V) explain damped oscillations;
(vi)  solve some problems on simple harmonic motion and damped oscillation.
Introduction: - Oscillation occurs when a system is distributed from a position of stable
equilibrium. There are many familiar example such as boats bob up and down,
clock pendulums swing back and forth, and the strings and needs of musical
instrument vibrate. Other, less familiar example are the oscillations of air
molecules in a second wave and the oscillations of electric current in radios and
television sets.
Presentation: - The teachers present his lesson as follows: -
Step I: The teacher explain the term simple harmonic motion as a common and very
important kind of oscillations motion as simple harmonic motion, such as the
motion of an object attached to a spring figure (1) below.

AN

Figure 1.

Motion described by sines and cosines of single frequency is referred to as a
Single Harmonic Motion (SHM) and the associated system is called a Simple
Harmonic Oscillator. In equilibrium, the spring exerts a force — kx, as given by
Hooke’s law:
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Step I1.

Step I11:-

Step 1V:-

Fy = —Kx (1)
Where k is the force constant of the spring, a measure of the springs stiffness.
The minus sign indicates that the force is a restoring force; that is, it is opposite to
the direction of the displacement. Combing equation (1) with Newton’s Second
law, we have

Fy = ma,
d?x
—Kx=m—
dt?
d?x K
or a=—=—-——Xx 2
dt2 m ( )

The acceleration is proportional to the displacement and is oppositely directed.
This is a general characteristic of simple harmonic motion and can be used to
identify systems that will exhibit it.

The teach state the condition for Simple Harmonic Motion in terms of
acceleration as “whenever the acceleration of an object is proportional to its
displacement and is oppositely directed, the object will move with Simple
Harmonic Motion.

Since the acceleration is proportional to the net force, whenever the act force on
an object is proportional to its displacement and is oppositely directed, the object
will move with Simple Harmonic Motion.

the teacher then define some term such an

Period (T):- is the time taken by a displacement object to make a complete
oscillation back and forth about its equilibrium position (unit in second)

Frequency (f) is the number of oscillation per second, which is the reciprocal of
the period.

The unit of frequency is the reciprocal of second (571), which is called a hart 3
(HZ).

Amplitude:- is the maximum displacement from equilibrium.

the teacher teach the students how to drive or obtain the general equation for
wave.

Fig below shows how we can experimentally obtain x versus t for a mass on a

spr.xn% .

X=Acos(Wt+ &) ....... 4)
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Where A, w and § are constant. The maximum displacement from equilibrium is
called the amplitude A. the argument of the consine function, wt + § is called the
phase of the motion, and the constant § is called the phase constant. The phase
constant depends on the choice of t = 0. If we have just one oscillating system, we
can always choose t = 0 such that § = 0. If we have two systems oscillarating
weith the same amplitude and frequency bat different phase, we can choose § =0
for one of them. The equations for the two systems are then

x; = A €0S WLANAX,— 4 coswt+ §)
If the phase difference § is O or an integer times 2m, then x, = x; and the
systems are said to be in phase. If the phase difference & in m or an odd integer
times m, then x X, = — x4 and the systems are said to be out of phase.
We can show that equ (4) is a solution of equ (2) by differentiating x twice respect
to time. The first derivative of x gives the velocity V

dx

v=—= —Aw sin(wt + §) ... .. . ... (5)

Differentiating the velocity with respect to time gives the acceleration:
dv _ ﬁ — 2

= — === -Ww Acos(wt + 6) ...........(6)

Ora= —w?x......(7)

Comparing a = —w? x witha = — (ﬁ) x (equ 2), we see that x = A Cos (wt
. . d?x k , k

+ §) is a solution ofF =a= — (;) xifw= \/; R € <) B

The amplitude A and the phase constant § can be determined from the initial
position x, and the initial velocity v, of the system settingt=0 in x = cos (wt + )
giVGS X0=ACOS8.commmran. (9)-

Similarly, setting

t=0inV= % = —Awsin(wt + §) givesV, = —Awsin§ .... (10)

these equations can be solved for A and & in terms of x, and V, the period T is the
time after which x repeats. Then x (t) =x (t+ T)

ACos(wt+ 8)=ACos[w(t+T)+ 8] =ACos (wt+ 6§+ wT)

The cosine (and sine) function repeats in value when the phase increases by 2,
SO.

2
wT = 2 OI’W:?H.

The constant w is called the angular frequency. It has units of radians per second
and dimensions of inverse time, the same as angular velocity, which is also
designated by w. the frequency is the reciprocal of the period.

f= %: % (11)
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Step V

Since w = \/% the frequency and period of an object on a spring are related to

the force constant k and the mass m by

f= %: L (12)

2\ m
The frequency increases with increasing k (spring stiffness) and decreases with
increasing mass m.
the teacher worked an example for the students that is Q. you are on a boat that is
bobbing up and down. The boat’s vertical displacement of is given by

= (1.2m) C (t+”)
y = (1.2m) Cos [z + £ ).

(a) find the amplitude, angular frequency, phase constant, frequency, and period
of the motion; (b) where is the boatatt=1s? (c) find the velocity and
acceleration at any time t (d) find the initial position, velocity, and acceleration of
the boat.

Solution.
(a) compare the equation for the boat’s vertical displacement with equation (4) y
=A cos (wt + 8) to get A, w and f.

Y = (1.2m) cos (%%).
ie A=1.2m, w :% rad/s, s :g rad.

2. The frequency and period are found from w.
w _ 05rad/s _ 7x0.5

F= W - 057ad)s - 7X95 () 0796HZ.
44

21 2 X=
7

T=1=_L -1265.
f 0.79

(b) set t = 1s to find the boat’s position

y = (1.2m) cos [2—15 (1s) + g] = 0.624m

(c) The velocity and acceleration are obtained from the position by differentiation
with respect to time.

a i 4 (as)
v, = d_3t’ = — (1.2m) sin (%t + %) (d/tZS)
1 s
= — (0.6m/s) sin (g” g)'

(d) sett=oto find y, v, and a,,

t
dvy 1 T d(/ZS)'
ay = W_ —(O.6m/s)cos(£t+ E)T
_dvy (03m2) (tt_l_n)
Y=g T 2 )\t T 6/
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NB:-

Step IV

Step VII :-

is
v, = (1.2m) cosE = 1.04m

vyo: —(0.6m/s) sin%:

0.300m
S .

Ayo= -(0.3m/s?) cosg=—0.2 60m/s?

The frequency and period of simple harmonic motion are independent of the
aptitude.
the teacher, demonstratne to the student on how graphical represent of sin of
social wave in. when the phase constant in § = 0, equations (4),(5)and (6) them
become.

X=Acoswt  13a

V=- WA sinwt __ 13b.

Anda=-w? Asinwt__ 13c.

These functions are plotted on below.

the teacher further explain the example of simple harmonic motion, ie.

Simple pendulum:- consider a particle ( the pendulum bob) that has a mass m and
is suspended from a fixed support by a string of length L. this system in
equilibrium when the bob hangs directly below the support point. A displacement
away from this equilibrium position is conveniently measurement in terms of the
angle @, as shown above.

The free-body diagram for the bob shows the two forces that are acting. (we now
use s for the tension, reserving T for the period).

We now apply Newton’s second law to the tangential component of the motion of
the bob. The tangential acceleration is

_ d*s _ d*(cO) _ d?6
A= 12~ ae _L< /dt2>'

So we have

. daze
- Mgsind = mL = (14).
The general solution of an equation of thin type in complicated however, of the
motion of the pendulum in restricted to angles sufficiently small than sin 6 may
be replaced by 6, the solution is readily obtained.

In thin event, we have .
2 —
40 (15).

a@v_ -9
dt? L

2

. . . d -k
This equation has the same form as equation d—tf = — X,50 we have a case of

S.H.M. involving the angular co-ordinate 6, of Q represent the amplitude of the
angular motion, we can immediately write the solution as 6 (t) = Q sin(wt +
@) __(16)
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Step VIIb

Step VIII.

Where w, = \/% _(@a7).

The period of the motion is

2T L
T = e = 21 \g (18)
that the period of the pendulum depends only on its length and not on the mass of
the bob.
Be certain that you understand the distinction between the angular co-ordination
0(t), which describes the position of the bob and is confirmed to the relatively
narrow range, - Q< 6 < + Q, and the phase angle, Q, which increase without
limit as t increase.
The solution to the pendulum problem contained in equation (16) through (18) is
only approximately; the expression are useful only when the amplitude Q is
sufficiently small.

The physical pendulum:- A Rigid object pivoted about a point other than its
center of mass will oscillate when displace from equilibrium. Such a system is
called aPHYSICAL PENDULUM. Consider a plane figurepivote about a point a
distance D from its center of mass and displaced from equilibrium by the angle @
shown below, the torque about the pivot has a magnitude Mg D @ and tends to

decrease®. Newton’s second law applied to rotation is
d*e
T=1lx= I?
Where o is the angular acceleration, and | is pivot the moment of inertial about

the pivot. Substituting —My D sin @ for the net torque

d?e
_ Dsin=] —
mg D sin e
d?e M p
or i }q sin@..........(19)

Again, the motion is approximately simple Harmonic if the angular displacement
are small, so the approximation sin @ = @ holds. In thin case, we have
d?e MgD
— = — = —W? e (2
e I 1) w (20)

M
Where w? = gD/I. the period or therefore

21 1
T = w o 2 M_gD ............... (21).

The teacher explains about damped oscillations for the students.
Left to itself, a spring or a pendulum eventually stops oscillating because the
mechanical energy is dissipated by frictional forces. Such motion is said damped.
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If damping is small, the system oscillates with amplitude that decreases slowly
with time as in fig below.

Both the amplitude and the energy which is proportional to the square of the
amplitude, decrease by a constant percentage in time interval. This type of
decrease is called exponential decrease. The force extorted on a damped oscillator
can be represented by the empirical expression.
fd=—bv.

Where is a constant. Since the damping force is opposite the direction of motion,
tit dose negative work and courses the mechanical energy of the system to
decrease. The motion of a damped system can be obtained from newt ion’s second
law. For an objective of massm on a spring of force constant k the net force in —kx-

b d2*/9t* are obtain

fx:max.
2%

dx _
-kx - ba—mﬁ _(22)

The exact solution of thin equation can be found using standard method for
solving differential equations. The solution for the case of small damping is

X=Ag e~ /2t cos (wt +8) = A -, cos (wt + 6)
Oe

whereA, is the maximum amplitude, and _ (23)1 =bﬂ _(24) is called the
decsy time or time constant. The frequency w is given by

WS e O w0 1= Lz, 2.

Where w, is the frequency with no damping ( w, = /k/m for a mass on a

spring).For small damping, b/ZmWO « 1 and W' is nearly equal to wo. The

dashed curved in above figure correspond to x = A and x = - A where A is given
by

A= Aoe"(b/Zm)t = Aoe_t/zr (26)
If the damping constant is gradually increased, the angular frequency w’ decrease
until it becomes zero at the critical value

b, = 2mw,

If when b is greater than or equal to b.’ the system does not oscillate. If b = bc,
the system is said to be critically damped; it returns to equilibrium with no
oscillation in the shortest time possible. When b is greater that bc, the system is
over damped. Figure below shws plots of the displacement verses time for a
critical damped and on over damped oscillator,
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The energy of an oscillator is proportional to the square of the amplitude, the
energy of an under damped oscillator (average) over a cycle) also decrease

exponentially with time.

E = 1mW2A= 1mWZ(A —t )2 =F ¢
2 2 0® /21 o€ /T

Where E, = %msz?». We see that the decay tire in the time for the energy to

decrease to e~ times its original value.
A damped oscillator in often described by its Q factor (for quality factor).

Q= wor= =22 . (29)
We can relat Q to the fractional energy loss per cycle. Differentiating equation
(28) given
1
dE = — -E

T oe Tt dt= - Edt.

If the energy loss per period in small we can replace dE by DE, and dt by the
period T. then AE/E in one period is given by

A_E — T 21 2_71'

Z= e (30)

E T W,T Q
2T

OrQ = @Fy

Q is this inversely proportional to the fractional energy loss per cycle.
SUMMARY - the teacher summaries the lesson by defining simple harmonic motion as the

motion described by sins and cosines of a dingle frequency.

Condition for simple harmonic motion in terms of acceleration is whenever the

acceleration of an object is proportional to its displacement and is oppositely

directed, the object with move with simple harmonic motion.

State some examples simple harmonic motion as simple pendulum with the

cycle

pendulum of the motion T = 2n \E. and physical pendulum with the period of

motion T = 2m /m# . damped oscillators an either critical or over damped.
gD

Evolution: the teacher evaluates his lesson by assing the student some question
0] define simple harmonic motion
(i) sketch graphically the representation of wave
(i)  differentiate between critical and over dying
Assignment: -(i) state the condition for SHM in terms of acceleration
(i) explain the following terms
(@ simple pendulum
(b)  Physical pendulum.
(iii) explain the term damped oscillations

157



158



