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About this module

Module Structure

The Module Overview

This Module has been produced by the Institute of
Adult Education. Al1 Modules produced by the
Institute of Adult Education are stnrctured in the same

way as outlined below.

The module overview gives you a general introduction
to the module. Information contained in the module
overview will help you to determine:

o If the module is suitable for you,
o What you already know',
o What you can expect fiom the module, and
o Horv nruch time you rvill need to invest to

complete the module.

The overview also provides guidance on

o Study skills.
o Where to get help,
o Module assignments and assessments,
o Activity icons, and
o Units.

We strongly recommend that. you read the overview
carefully before starting your study.

The module is broken down into units. Each unit
comprises:

o An introduction to the unit content,

The Module Gontent

1
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,.,ffi About this module

. Unit ot-ttcomes,

. Core content of the unit with a variety of leamirlg

activities.
. A unit reflection,
o Assessments as applicable, and answers to

assessments as aPPlicable.

For those interested in learning more on this subject'

we provide yor-r with a list of additional resources at

the end of this module 4; the resources are books'

nrticlc: ot'ri eb sitc:.

Atier completing thrs \locJr-rle. \\'e \\ou1d apprecrate if
you take a feu' moments to -gir 

e tls yottr f-eedback on

any aspect of this Modute. Yor-rr f.eedback can include

comments on:

. Module content and structure,

o Module reading materials and resources,

o Module assignments,
. Module assessments. and

o Module support (assigned tlrtol's' technical help'

etc. )

Your constructive f-eedback rl'ill help us to ituprove

and enhance this module.

Resources

Your Comments

2
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Module Overview

Welcome to this Module

Dear learner, welcome to Module 4 of Physics subject.
This Module is about Analyzing EfTects and Applications
of Waves in Daily, Lif-e. Physics as among of science
sLrbjects is of very important in our life as we are living in
the century of science and technology and introduction of
science in our daily has transfonned our lives. Physics
govems our everydav lives and is involved in a number of
activities we pertbnl and things we use in our daily life.
We discuss hou,phvsics plays its part in nraking analysis
of eflbcts of rvaves and how Physics plaving its part to
explore the applications of waves in our everyday life
activities.

This Module consists of fbur units: In Unit 1 about
Waves; Unit 2 about Eiectronragnetisrn; Unit 3 abor-rt

Elementary Astronomy and Unit zl explore about
Geophysics.

After completing every unit, make sure that you pose and

do the unit reflection. Make sure yoll keep all activities
and unit ref-lection answers and other difficulties or
interestir,g of yours in your portfolio. This u,ill help you
to check rvhether you have understood the unit or not. At
the same time they prepare you step by step fbr the unit
assignment. They are only important for you and
therefore do not send them to your tutor.

I hope you will enjoy studying this Module.

3



About this module

General Competence

l)
I

Upon completion of this Module, you should be able
to appty concepts of waves, electrornagnetisrn.
elementary astronomy and geophysics in daily 1if-e.

As an adult learnel'. voLlr approach to learnins is clifterent
trom the apploach voLr Lrsed during voLrr scltool dar s.

You choose u hat ),-ou \\ ant to stuclr . har e prof'essional
and/or personal ntotivation tbr dorng so and fit youl study
activities around other prof-essional or domestic
responsibilities.

Essentially, yolr take control of your learning
environment. As a conseqllence, you need to consider
perfbrmance issues related to time lxanagement, goal
setting. stress managemerit. etc. Perhaps 1,ou also need to
acquaint -vor-u'self in are:rs such as essa1, planning. coptng
u.'ith exams and using the u eb as a lcarnins resource.

Your most significant considerations are time and sp(tce

i.e. the tin,e you dedicate to yor-rr leanting and the
environment in which you engage in that learning.

We recommend that, you take time nowbetbre starting
your selt--study by familiarizing yourself with these
issues. There are a number of excellent resources on the
web. A f'ew suggested links are:

http : //u,u,w. hou.-to- stu d),. com/

The "How to study" web site is dedicated to stLrdr skrll,s
resources. You will find links to stud,v prcpararion (a 1i,ir

of nine essentials fbr a good str-rc'l.v placc)" takutg ltr)tes.
strategies for reading text books. Lrsing reltrell.e sollt'ces.
test anxiety.

Study skills

p

4
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Module 4

Need Help?

1 I't'r

http://www.ucc. stdysk/stdvhlo.html

This is the web site of the Virginia Tech, Division of
Student Affairs. You will find links to time scheduling
(including a '.where does time go?" link), a study skill
checklist, basic concentration techniques, control of the
study environment, note taking, how to read essays for
analysis, memory skills ("remembering").

http://www.h owtostudy.org/res ources.php

Another "How to study" r,veb site lvith useful links to
time management, efficient reading,
questioning/listening/observing skills, getting the most
out of doing ("hands-on" learning), memory building, tips
fbr staying motivated, developing a learning plan.

The above links are our suggestions to start you on your
way. At the time of writing the rveb links were active. If-
you want to iook lbr more go to wwrv.google.com and
type "se1f'-study basics", "self-study tips", "self'-study
skills" or similar.

Dear learner, in the course of your study, you may
need help in various issues such as the location and
how to get support from resource centres, clarification
of various issues pertaining to your study materials
(modules) and so on. If this happens, you are advised
to ask for the help from your centre coordinator or
facilitator. You can also visit the website of the
Institute of Adult Education which is www.iae.ac.tz.
And, you can call no +255 22 2150836 and ask for
help.

5
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Module Assessment

About this module

Afier each unit, you are required to attempt onc rrnit
assignment. These are not meant fbr submission ratitcr
fbr ref'lection on what you have learned in the rvhole
module. You are also given tests and assignments for
submissiori by being gLrided by your module
facilitator. You will also sit fbr mock examinations to
accon-rplish your continuous assessment.

6
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Module 4

Getting Around this module

Margin lcons

While working thror"rgh this rnodule you notice the

frequent use of margin tcons. These icons serve to
"signpost" a particular piece of text, a new task or

change in activity. They have been included to help

you find your way around this rnodule.

A complete icon set is shou'n below. We suggest that

yon tamiliarize yoursell u'ith the icons and their

meaning befbre starting 1'our study.

f*
Activ ity

Discussion

0utcomes

Summary

Computer-Based
Learning

Assessment

Group activity

Reading

Termi nology

Assignment

t
Help

Reflection

Time

Note it!

Study skills

*t ft*r l,i p

@-
,.-[v

?

ffi
gi

s ft
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Audio Video Feedback

$
t

Objectives

*
Basic

9st@
to

7

-

U
f-} i=.*l

Case study

&

Tip
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Answers



Unit 1

Analysing Waves

lntroduction

Dear learner. welcome to this first Unit of Module four

which is about Analysis of Waves. ln this Unit, you learn

about introduction to waves, behaviours of waves,

propagation of waves, sound waves, music sound,

electromagnetic spectrum and applications of
electromagnetic waves in daily lif-e. This unit helps _vou to

lunderstand u'ar-s of producins \\ a\,es. tbr erample. b1-

droppine an object (stone) on a still pond ol \\ ater. troving

up and down continuousll,, a fi'ee end of a rope tied to a tree,

turning a toothed u,heel w-hile holding a card against the

moving teeth, connecting an electric bell to the source of
power and holding a steel wire tightly and pluck it between

the bridge and many n-rore with notable applications of
waves in our real lif-e.

il
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Module 4

Learning Outcomes

@
Upon completion of this Unit. yoLr rvill be able to:

. explain the concept of u.ave. tenns applied in wave and

identify types of rval'e:

. explain diff-erent behar iors ol u aves and its application
in daily life;

. describe the propagation of Mechanical and

Electromagnetic r.r'ar e :

. deterrnine the relationship betu'een frequencies, speed

and wave length ol a u ave and determine the refractive
index of a medium:

identify sources of sound waves and erplain the concept

of audibility range;

describe the insight ol hearing, explain the concept of
echo and rer erberation and determine speed of sor-rnd in
air;

explain the concept of a musical sound and identif-v

f-actors affecting loudness. pitch and quality of a musical

sound:

Identify the different musical instruments and explain the

terms stationary \vaves, nodes and antinodes;

determine the frequency of a musical note and

distinguish between the fundamental note and overtones;

explain the concept ofresonance as applied to sound and

construct a simple musical instrument;

explain the concept of electromagnetic spectrum and

identify the main bands of the electromagnetic spectrum;

detect infiared, visible and ultraviolet rays and identify

applications of electrornagnetic waves in daily life and

their imporlance in agriculture and climate.

I
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Unit 1: Analysing Waves

Introduction to Waves

Dear learner, if you drop a stone at the centre of caln-i \\ater'

pond, some disturbance will occur in w'ater. The disturbance

in form of ripples will spread outward in a circular pattern

as seen in Figure 1 .l

Figure 1.1: \\'ater ripples

If you obsen,e closely you riill notice that \\.ater does not
move. Instead, only disturbance is observed. This kind of
disturbance is called awtrye.

A wave is a periodic disturbance thal transJers energ.l:.front

one place to another.

OR
A rvar.e is the progressive disturbance propagated fl'om a

point in a mediurn (matter) on space n ithout the mover-nent
of the points themselves.

For example, you hear sound because a wave (disturbance)
travels from the source to the listener through the
sun'ounding air.

Examples of waves include light, sor-rnd and water waves.

10
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Module 4

EI Important Terminologies Used in Waves

Dear learner, the fbllou,in-o are some com[lon terms used
with waves.

l. Period

This is the time taken fbr the lvarre to repeat itself so as to
rnake one complete cycle. It is represented by the letter T
and the SI unit is second (s).

2. Amplitude

This is the maxirnum displacernent of the wave fiom the
equilibrium position. It is represented by the letter A and
the SI unit is metre (m).

3. Crest und Trough

The crest is the point of r-narintum positive displacement
of- tire u'ar.e Ii'onr the equilibrium position. The trough is
the point of- maximum negative displacernent of the wave
fiom the equilibrium position as seen in Figure 1.2.

Figure 1.2: tr'eatures of a wave

4. Wave length

This is the distance between two successive or adjacent
points such as crest to crest or trough to trough. It is the
distance that the wave travels in one complete cycle. The
wavelength is represented by the Greek letter Lamda
(z). The SI unit of wave length is metre (m). Wave
length is as shown in Figure 1.3.

11
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Unit 1: Analysing Waves

Figure 1.3: Wavelength of a lvave

1. Freqttency

This is the number of oscillations or pulses per unit tirne. It
is represented by the letter f. The period and fiequency of a

\\'a\ e are relatccl b1 the equation I - ] . Sincc tinre is
T

measured in scconcis. the unit ol trerluencr is per second
(.'' ). The SI unit olti'ecl.rencv is hertz (Hz). i.e. t,Y-- =1i

2. Wave velocity

Wave rrelocity is the speed at which the wave moves
through a medium or is the displacen,ent of the \vave per
unit time.

Dear learner. there is the relationship betu'een frequencv.
ve1ocit1, and u-itr elensth ol a s'ar e. This relation is
explair-red belou.

Since the w.avelength is the distance the \\ a\ e tra\-els in one
cycle and the period is the tirne the u,ave takes to complete
one cvcle, velocity v is given by:

/ --)' -,, ( !')-;r Since r= |

T l) I

Now-r-z/

The above tbrmula is called u,ave equation.

Dear learner, let us do the fbllowing examples b_v usir,g the
above fonnula.

Example 1

The graph in Figure 1 .4 shou,s the displacenrent itl a u ave

with time.

12
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Figure 1.4: Displacement of a wave with time

Determine the amplitude, period and frequency of a wave.

Solution;

Data given;

The amplitude of the wave is 0.5m.

The period of the wave (T) : 0.2 seconds.

The frequency (1) : r _l_)r_su.

Example 2

Calculate the velocity of the wave whose wavelength is
1.7x10 2 m and frequency is 2x10raHz

Solution

Data given

Wave length (. z) : 1.7x10-2 m

Frequency (f1 : 2x10ta Hz

Velocity (V) is calculated as follows:

V =.f[=2x1014 Hzxl .7x 10 2 m=3.4x10t) m I s

Example 3

Find the wavelength of sound wave whose frequency is 550
Hz and speed of 330 m/s.

Solution

Data given

Frequency (0: 550 Hz

Speed (v) : 330 m/s

Wave length (z) is obtained from the formula ,:.fa. Make
)- the subject and substitute the values we have:

13
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Unitl:AnalysingWaves

r' -lJ0 rri / r)--:--0.6nt
.f 550 H:

Example 4

The wave length of signals from a radio transmitter ts

1500m and the fi'equency is the 200 KHz. What is the speed

the radio wave travels'/ What is the wavelength of a

transmitter operating at 1000 KHz?

Solution

Data given

War,elength ( u ) : 1500 rl
Frequen*'(f)- 100 KHz:100.000 Hz

Speed (r') is obtained tiotr tire fbrnrula t -./)-.SubstitLrte the

values we have:

y= f)-,1500mx200000 Hz=3.0x 108 m/s

Also given frequency (fl - t000 KHz :10" Hz, w-ave length

(z) is obtained from the formula ,,-.f). Make )- the

subiect and substitute the values we have:

. 1' 3.0 , 10' rir ' ,t'

).- - _- _300,i
.f l}n Hz

Dear learner, I hope you have learned a lot about the
concept of wave. Now. do the following activity.

14
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Module 4

f( Activity 1

1. Water ripples are caused to travel across the surface
of a shallow tank by means of a suitable straight
vibrator. The distance betu.een tu,o sLlccessir-e crests
is 3.0cm and the wave travels 25.2cm in 1.2

seconds. Calculate the wavelength, velocity of
waves and frequency of the vibrator.

2. The distance betrveen successive cr-ests of water
ripples in a lipple tank experiment is 3.2 cm and
their n'ave speed is 26cm/s. Determine the wave
length, fiequency and period of the ripples.

3. A radio station transmits waves at a fi-equency of
95.6 MHz. What is the u,ave lensth of the waves
tranStpitted.., (, =-t. l{},ri7 , .1.

4. A sound wave has a frequency of 16 KHz, what is
the periodic time for the waves?

ii. Mechunical Wuves

A mechanical wave is a disturbance which is transported
through a medium due to particle-to-particle interaction. A
typical example of mechanical wave is a sound wave.

Types of Waves

15
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Dear learner, let us discuss the types of waves. There are
two broad categories of waves, these are: electromagnetic
waves and mechanical waves. Let us explain each of these
types.

i. Electromagnetic Waves

Electromagnetic waves are disturbances made up of electric
and magnetic fields. They do not require a material medium
for energy transfer. They can travel through vacuum.
Example of electromagnetic wave is visible light.



Behaviour of Waves

Unitl;AnalysingWaves

Mechanical waves require a material for energ,v transter..

Mechanical waves can lurther be subdivided into t\\ r)

categories based on the rnotion of the wave relative to rhe

medium particles. These are transver.se and longinrclinctl
waves.

Dear learner, a wave can undergo reflection, refraction,
interference and diffraction which are discr-rssed belou, as

fbllori's.

i. Reflection of \\'ar e

Dear learner. I hope 1ou hare an idc.a ot'the teilrt retlection.
In some moduies of Physics stage I and 21,ou leantt abour
ref-lection. Take some few minutes to review the unit about
light in the said modules of stage I and 2. Likewise, in this
pafi we are going to discuss the reflection of u.ave. It is my
hope that you will enjoy learning this section.

Reflection of waves takes place at the boundary of the
medium throLrgh u,hich it is travelling or at any point rvhere
there is a change ol u ar e I'elocitt,. \l-henevel a \\'ave
reaches a boundarl,thrc-ru-uh uliich it canrrot pass. it ui11 be

reflected.

Common examples include the ref'lection of light, sound and
water waves as shown in Figure 1.4.

il
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Reflection is the bouncing bock oJ' h,aye on hitting the
barriers.
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Module 4

normal
incident ray reflected ray

incident
WAVCS

9riOr reflected
waves

Figure 1.4: Reflection of waves

Larvs of Reflection of Wave

Dear learner, \ re have already discussed the laws of
ref-lection of light in Physics module 1 and 2. Let us now
discuss the same laws but in terms of waves. These laws
of ref-lection of lieht are as fbllori.s:

1. The incrdent rar. the ref-lectecl rar,,and the norrnal at
the point of the incidence all lie on the same plane.

2. The angle which the incident ray makes with the
normal is equal to the angle which the reflected ray
makes to the same normal.

The characteristics of the ref-lection of wave are:

(a) It obeys the laws of reflection.

(b)The wavelength (1,) of the reflected wave is the
same as that of the incident waves,

(c)The frequency (.f) of the reflected waves is rhe same
as that of the incident waves.

(d) Therefbre, the speed (r) of the reflected waves is the
same as that of the incident waves.

The Ripple Tank

The behaviours of waves can be conveniently studied using
a ripple tank. The ripple tank consists of a transparent tray
containing water with a point source of light above it, and a
white screen below the floor of the tank. All the basic
properties of waves, including reflection, refraction,

17
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Unit 1: Analysing Waves

interference and dift-raction, can be demonstrated in a ripple
tank show-n in Figure 1.5.

.i lllumination

Power
Supply

- @-

Shallow tank of water

Oscillating paddle

T
il

Ig-
It
I
Wawe patterns on .l viewing screen or ta[]le

Figure 1.5: ,\ ripple tnnk

Ripples may be generated by a piece of ri'ood that is
suspended above the tank on elastic bands so that it is just
touching the surface. Screwed to rvood is a motor that has an

off centre weight attached to the axle. As the axle rotates the

motor rvobbles, shaking the rvood and generating ripples.

Main Parts of a Ripple Tank

The ripple t:rnk has the follou'ins parts:

i. Shallov,tank of woter

This is the source of u,aves in w'hich an oscillating paddle

-generates 
parallel water waves.

ii. illotor

This is the rotating armatnre (axle) of an electric motor
making the wooden (metal bar) to vibrate on r,vater surface

and generating ripples.

ii i. Oscil lating paddl es

This is the one in which transtbrms mcchaniclii L-lrL-rq\'

generated by motor by ofT centre mass tr) \\ e\ e lrergc
energy in a shallow tank of water.

18
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Module 4

iv. Bulb/filament

Bulb or filament is used to illurninate the water surface to
see the water waves onto the u,hite board or white sheet
below the ripple tank.

'r). Paper sheet

A paper sheet is used to display shadow of the wave patter-n
placed under the tank.

vi. Various obstacles

Various obstacles are placed in the tray to observe
properties of u,,al,es, e.g. diffraction. Examples are like
laying glass, rectangular barrier, curved barrier (concave
and convex barrier) and so on.

vii. Strobosc'ope

This enables the observer to see the rvaves as stationary.

viii. Laying glass

Laying glass is used to vary the depth (tray thickness) of-
water. This allorvs observing waves travelling fiom one
mediun, to another mediunr-

ix. Metal bar

It is screwed to the electric motor and suspended above the
ripple tank vv.ith rubber (elastic) bands and touching the
water surface.

x. Power supply

Power supply is used to run an electric motor.

Applications of Reflection of Waves

Reflection of waves can be applied in the following aspects:

1. Reflection of light waves is used in the design of
mirrors.

2. Reflection of sound waves is used in measuring
distances.

I
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Unit 1: Analysing Waves

3. Sonar (soLrnd navigation and ranging) systems relv on

the reflection of sound waves to assist ship in
navigating, communicating, and detecting other
vessels.

4. Detection of cracks in metals.

ii. Refraction of Waves

Refruction of a wave is the bending of waves at a boundaty
when the wave moves from one medium to another.

The phenontenol-l is erplained b1 the cotlser\ ation ol cnergv
and conservation of momentutl. Duc to change of rtedium.
the phase velocity of the wave is changed but its tiequency
rernains constant. This is most commonly observed when a

wave passes from one medium to another at any angle other
than O0 from the normal as shou,n in Figure 1.6

saldronr by Waves travel s ower in shallower

medlum'1

medium 2
d slance

traveled in

unlt t me at

speed V2

Figure 1.6: Refraction of a wal.e

Snell's Lalv

Refraction is described by Snell's lau, uhich srares rhat "firr
a given pair of media and a war.e riith a sinclr-. fr.equc-ncr-.

tl-re ratio of the sin of the angle olinciclence d ancl the anslr.

il
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of refraction d. is ecluivalent to the ratio of phase vel0citir
in the two media, or equivalently to the opposite ratio of-tlindices of refraction.',

Mothematicalh,;

\'in0, _y, _ry,
Sin 0. t.'2 4:

Where:

l. vr and v2 are velocities of wave in first rnedium anrsecond medium respecti\ ely.

2. ry, and l. zt,' respectively the refiactive indices of tht
wave in first and second medium.

3. 0, and 0. are the angle of incidence and refraction
respectively.

The refractive index (ry) of an optical medium is adimensionless number that describ" t o* light or any otherradiation propagates through that medium.
For more details make refbrence to the Unit about light inthe Physics Module of Stage tn.o.

Applications of Refraction of Waves
Dear learner, we have already discussed about reflection oiwave. Let us discuss how the refraction of wave is appliedin our everyday Iife.

The following are some of the applications of refraction ofWAVCS:

l. Refraction is used in optical instruments such asmicroscopes and telescopes.

2. Refraction is used in the dispersion of white light.
3. In medicine, refraction is applied in correcting eyedefects using lenses.

-

-
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Unit 1: Analysing Waves

Worked Examples on Refraction of Waves

Dear learner, do the following worked examples which u ill
help you to understand well on refraction of waves.

l. Explain why during the day sound from distant sources
is not very clear unlike during the night.

Answer:

During the day sound waves are refiacted uplr,ards from the
hot Earth, while at night, sound wa\,,es are refiacted dou,n
u,ards. hence are much louder.

2. Gire reason u'hv the amplitLrde of the uare does not
chanse as it crosses the boundan'']

Answer:

Because there is no loss of energy theref-ore amplitucle does
not change.

iii. Diffraction of Waves

Dffiuction refbrs tc.t a change in tlirection of waves crs the.y,

pass lhrottglt on openirlg or at.otutd ct bon.ier in lheir pctth.

It is the spreading of r,vaves u.hen the.v pass through a
narro\\,'opening or a sharp edge as sholl,n in Figure 1.7.

flri r))

Irrr]]]]]]]] 
u u l B

Wide gap - small diffraction efFect Narrow gap - large d ffractror eifert

Figure 1.7: DifTraction of x ater u ar es
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A clear diftiaction is obsen.,,i ',.. ; - : - ,.r

the size of the wavelengths ol rhe ,,r . . . _- r

spreads into the geometrical shadou.

Diffiaction of water waves is obserrBrl rrr ,: '.- .i:
\\'aves bend around small boats and are lbund i,-' i : , ' , ..'
water behind them. Ditliaction of sound \\ a\ es r. .. -. r )
observed as we notice sound diftiacting around ..,i't'-r's.
allowing us to hear others who are speaking to Ll,i tl'L,nr

adjacent rooms.

Applications of Diffraction

The fbllou,ing are some of the applications of diffiactions:

a) lt is used in determining the crystal stmctlrre of
materials.

b) It is used in measuring the coefl-rcient of thermal
expansion, crystallite size, and thickness of thin films.

c) We can hear sound fiorl a corner or behind ill !,L.sil.1e

because of the ditfraction of sound.

d) Diffraction is used in holography.

iv. Interference of Waves

Interference is a phenomenon in which tw*o or tilot'€ 1\tt\t,\
sltperpose to .lbrm a resultant wave oJ' greater ot' l,t',t€i'

amplitude.

Interference is also described as the addition or

superposition of two or more waves resulting in a neri ii.,ir.-
pattern.

The principle o/' strperposition states that "the t'e\t!ii.ii,:
displacement al any point is equal to the sturt .i , t

displacements o/'di//brent waves at the point".
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Types of Interl'erence

Interference are of the two types namely; constructir''e

interference and destructive interference. Below is the

discussion of the two types of interference.

i. Constructive InterJbrence

This occurs when a trough meets a trough or a crest

meets crest producing nraximum amplitude. In this case,

two w'aves are vibrating in the same phase/direction.

ii. Destrtrctive Interfbrenc:e

This occurs u,hen a trough meets a crest; the resultirlg

an'iplitude is smaller than the amplitude of the \\ aves.

The r,r.'aves rvith eciual amplitude. cancel each other. Figr-rre

1.8 shou's these trn'o types of interference.

\"*/
/-\

Constructive
interference

Destructive
interference

Figure 1.8: Constructive and destructive interference

Table 1.1 gives examples of the resultant displacement due

to the interference of the two waves of different amplitude.

Table 1.1: Resultant displacements from interference

Amplitude of
wave A

Amplitude of
wave B

Resultant
amplitude

+1 +l +2
T1, 1 +1

1 +1 0

+1 a I

I -1 a
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In constructive interference, \\'e get lines of increased

disturbance. These lines are called antinodal lines. In
destructive interference, we get lines to zero disturbances.

These lines are called nodal lines. In the Figure 1.9 shows

diffracted circle shaped water waves from nro poht sources

e.g. dropping two pebbles near to each other in a pond. The

waves pass through one another and result in both
constructive and destructive interference-

Figure 1.9 Interference of waves

The two waves interfere causing areas of constructir-e and

destructive interference. The lines of marirlrum
displacement occur when all the peaks and troughs line up

with those on another wave.

Application of Interference of Waves

Dear learner, every property of a wave has the applications,
the following are some of the applications of interference of
waves:-

a) Interference is applied in creating holograms.

b) Destructive interference is used in noise reduction
systems such as earphones.

c) Concert halls and auditorium are usually designed in
such a way to reduce the amount of destructive
interference.
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Unit 1: Analysing Waves

Dear learner, the properties of waves can be demonstrated in

the laboratory by using a ripple tank' There are activities

which will help you to famlliattze well with the behaviour

of waves.

Activity 2

Aim: To observe the reflection of u'ater waves in a ripple

tank.

Materials: Ripple tank, barriers of clitferent shapes

(r'vooden block, glass plates and droppers)'

Procedures:

I . Set tip the uaterial as shou'n in the Figr'rre 1' 10'

barrie

Incldent
Ray

Figure 1.10

2. Generate some \\raves r:sing the oscillating paddle of-

the ripple tank' Record 1'or-rr obsen"atiorls'

3. Pick some water into a dropper'

4. Hold the dropper about 2cm above the water surfhce'

5. Let out one drop of water into the middle of the ripple

tank.

6.observehowthewaterwaveswillberef-lectedafter
striking the barrier.

'7. Drau, the incident and the ref-lected wave patterns'

B. Change the angle of the barrier and repeat steps 2 - 7'

Observe any changes in the reflected waves'

9. Replace the rectangular barrier with a cun'ed olle

(concave) as shown in Figure 1' 1 1'

il
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Ray

Figure 1.ll: Concave barrier

10. Repeat steps 2-7 with the concave barrier.

Record all your observations.

Discuss the Following Questions

a) What happened to the incident water \vaves on reachins
the rectangular barrier?

b) Draw a sketch of the incident and reflected waves.

c) Describe the w.ave pattem produced by the incident
water waves on reaching the concave barrier.

Observation from the Activity 2

Straight waves in a ripple tank striking a straight barrier
observe the laws of reflection, that is:-

1. The angle of-incidence is equal to the angle of reflection.

2. The incident direction of progression, the normal and the
reflected direction of progression all lie in the same
plane.

The direction in which a wave is travelling is represented by
an arrow. The arrow is called upon reaching the barrier
placed within the water; the water waves bounce off the
water and head in a different direction shown in Figure 1.12.

27
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Before Reflection After Reflection

Figure 1.12: Rellection of u ater ,rlar.es in plane surl'ace

Upon ref'lcction otf on the parabolic barrier. the u'ater. ri-ar-e

will change direction and head tou,ards a point knoun as the
fbcal point. After passing through the fbcal point, the waves
spread out through the water. This is also the case when
circular water waves strike a straight or curved banier as

shou,n in Figure 1.13.

Incident
Ray

Ray

Unit 1: Analysing Waves

barrier Reflected
v

a-f
Focal
Point

Before Reflection After Reflection

Figure 1.13: Reflection of water waves in concaye surface
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f( Activity 3

Aim: To obsen'e tl-ie refi'action of r,l'ater waves in ripple
tanl<.

N{aterials: Ripple tank and its accessories. metre rule.

Procedures:

1 . Place a thick glass plate in one part of the ripple tank to
rnake it shallor.r.

2. Fill the tank with \vater.

3. Produce some rvater \ /aves r-rsing the vibrator.

4. Measure the distance between successive crests in the

deeper parL (1) ancl shallow part(4 ).

Perform the Following Questions

a) Workout the ratio 1
Ll

b) How is the ratio related to the velocities of water
waves in the deeper part and in the shallow part?

Observation from activity 3

We have observed that, when water waves travel from a

deep part to a shallow part, the r.l,avelength decreases.

However, the frequency of the wave does not change. Since

velocity i, is given by s1 , the velocity of the rn ave decreases

with decrease on wavelength as shown in Figure 1 .14.

Figure 1.14: Change in the wavelength of wave

29
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Tlre ratio 1is also the ratio of velocities of \\,ater uares in
).

the flrst medium (r,) to that in the second medium(r,,).

),vThat is
4rI

The velocity of water waves is high in the deep r,vater than

in shallou, water. Note that, the ratio I is the refiactive
Jtr

index of the second medium relative to the first ntediurn.

The refraction of r,vater waves can be clearly observed if the
bounclart, betu-een the dcep ancl shaliou- r'egions is et arr

angle to the incrclcnt u ar e f-ror.rts as sho\\'lr ir-r Fisure 1.1'-5.

Deep water Shallow water

lncident waves

Figure 1.15: Ref}action ol'rrater xaves
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f( Activity 4

Aim: To investigate the interference of water waves in a

ripple tank.

Materials: Ripple tank. li_eht sollrce.

Procedures:

l. Attach two point sources to the wave generator.

2. Generate some water waves at a constant fi'equency.
Observe the pattern created by waves.

3. Increase the fiequency of the wave generator and
observe what happens to the pattern created by the
waves.

4. Decrease the frequency and again observe what
happens to the pattern of the wave generated.

5. While keeping the fiequency constant, increase the
distance between the two point sources.

6. Record all your observations.

Quiz

Describe the pattern produced by the waves from the two
point sources in each case.

Observation from the Activity 4

From the activity 4, we have observed that; water waves
from the two identical point sources add up in certain
directions (when a crest meets a crest or trough meets a
trough) and counsel out in certain direction (when a crest
meats a trough). When the water waves add up, constructive
interference occurs. The water waves have increased
amplitude along lines of constructive interference.

Destructive interference takes place where water waves
counsel out. Water is quit still along lines of destructive
interference.
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Activity 5

Aim: To investigate the diffiaction of- u'ater u ar es in a

ripple tank.

Materials: Ripple tank, light source, mechanical wave
generator and pencil.

Procedures:

I . Add rn'ater to the ripple tank to a deep of approrimately
lcm.

2. Adjust the legs of the ripple tank to make the depth of
the u'ater as unifbnr as possible.

3. Piace a glass block in the u.atel itcross the tank.

1. Drop a pencil onto the \\atcr. -jLrst a tes. centirletres
behind the glass block. The pencil should be aligned in
a direction tlrat the waves generated tral'el in a

direction perpendicular to the edge of the glass block.

5. Observe the u,aves as they move past the glass block.

6. Put some additional glass blocks in the ripple tank to
create a barrier across the entire tank. Leave an

oper,irTg of about 1cr-n at the centre of the ripple tank.

1 . Generate some straight ri aves usinc the rlecltanical
wave generator.

8. Observe w'hat happens to the \\raves as they lxo\-e past

the barrier.

9. Increase the size of the opening and then repeat at

plocedure 6.

10. Replace the straight wave source with a point source,

then repeat step 6.

11. Record all your observations.
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Quiz

a) Explain what happens to the \vaves on passing

i. The single glass block barrier.

ii. The narrou operrine.

b) What was the effect of increasing rhe size of the opening
on the waves passing throLrgh the opening'7

Observation from the Activity 5

When straight waves are approaching a barrier, the barrier
obstructs the part of the w'ar.e fiont that strikes it. It only
allou,s the part of the u'ave front that strikes it. The wave
fionts that pass the barrier spread into the shadow area of
the barrier.

This spreading out is what is known as diffraction. When
the gap is narrow, the straight wave fronts are converted into
circular wave fronts. These wave fronts appear to be
produced by a ner,r, point source in the gap. They spread out
round the edges of the opening in all directions.

When the gap is w.ide, the w,aves emerge almost straight.
apart from a slight curvature, and spread out at the edges as

shown in Figure 1 .16.

Figure 1.16: Diffraction of water waves

The amount of diffraction is greater when the width of the
opening is the same as the wavelength of the waves.

,,ffi-
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Propagation of Waves

Unit 1: Analysing Waves

Dear learner, in this parl we are going to discuss the rnotion
(propagation) of mechanical waves. As we have discussed

earlier, mechanical waves are of two types; transverse and

longitudinal waves. we shall discuss the propagation of-both
types in details.

a) Propagation of Transverse Waves

In a transverse wave. the parlicle of the medium vibrates in

a direction perpendicular to the direction of movement of
the u,ave.

This rr,eans that the direction of particles mediurn is at light
angles 190") to the clirection of n.rorenrent of the \\a\e as

shou,n in Figure 1.17.

Figure 1.17: A transverse nave

Exan-rples of-transrrerse waves are water \vaves. In water, the

particles of u''atel moves up and down while the u,ave
moves in a horizontal direction. That is why a boat or ship

on the ocean moves up and down while the waves

themselves move towards the shore as shown in Fisure 1.18.
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Figure l.l8: Ship in taves (transverse lvaves)

b) Propagation of Longitudinal Wave

In this type of wave, the particles of the material medium
vibrate in a parallel direction to that of the wave motion.
That is to say, the direction of motion of medir-rm particles i:
the same as the direction of the u'ave itself.

A longitudinal u'ave consists of compression and

raref-actions. In the cor-npression. the pafiicles are packed
c1ose11, tosether u hile in the rarelactiot-t thel are spread out.

Example of longitudinai u,ave is a sound \4,.ave as sholi.n in

Figure 1.19.

Figure 1.19: Longitudinal wayes in sound

Note

Wave ptofrle diagrams of waves travelling longrtudinally and
those travelling transversely appears as shown in Figure 1.20.
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Unit 1: Analysing Waves

ttllt. t

6$1r.:$ \-l
f

,f

Figure 1.20: \\ ar.e trar els longitudinallr and in transr erse

Sound Waves

Dear learner, we have discussed that sound wave is

longitudinal mechanical wave that is produced by vibrating

objects such as turning fbrks, drums and our vocal cords.

Sound originates fiom a vibrating body and the nature of the

vibration determines the type of sound produced. Sound

waves are prodr-rced by almost anything rangin-e fiom
people. animals and plants to machittes.

Musical instruments such as gttitars. r iolir-rs. or-qans.

recorders, flutes, tnarimbas and drums are desiglled to
produce specific types ofsounds.

Audibility Range

Audibility range is the range of frequencies that can be

heard by humans or other animals.

The human audibility range is fiom 20Hz to 20.000 t-lz.

Sound with lieqr-rencies less than20Hz are callecl irtlrtsrtrtic

and sound with frequencies above 20.000 Hz is cal1.'d

uhrasonic
il
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The average hurnan ea1' can distinguish between two
simultaneous sounds if their fi'equencies difl-er by at least 7
Hz. The upper limit of the audibility range decreases with
age throughout a human's life.

The Human Ear

A human ear is the organ responsible for conversion of
sound energy to mechanical energy to nerve impulse that
transfers to the brain for interpretation. It can distinguish
frequency, amplitude and direction.

Dear learner, the human ear consists of three parts. Namelyl
outer ear, middle ear and inner ear as shown in Figure 1 .21.

c_lul-,,,, : t, ,,,.,

Figure 1.21: The human ear

The Outer Ear

The outer ear consists ofearflap and the ear canal. The outer

ear channels sound waves that reach the ear through the ear

canal to the eardrum of the middle ear. In the outer ear, the

sound is still in the form of a pressure wave, with an

alternating pattern of high and low pressure regions.

37
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The Middle Ear

r7r< rrrrcTd€ 6r- rs 
t {ra arr' - r?r?a/c'a'r riy /da-c- c <rrrs a 6 <zr'- rrt

eardrum and three srnall inter connected bones; the hammer.

anvil and stirrup. The Eustachian tube connects the rniddle

ear to the throat. Its purpose is to regulate pressure.

A compression of the incoming sound wave forces the

eardrum in ward and a rarefaction forces the eardrum

outwald. In this rvay, the air drum vibrates at the same

frequency as an incoming sor"rnd \\rave. The movetlents of

the eardrum set the hummer. anvil and stirrup into motion.

Thc three tin bones arnplify the vibration of the incoming

sound \\:a\-e. Because the stirrup is cctt-tt-tccted to thc inner

ear. the vibrations are transtlitted to the fluid of the inner

ear.

The Inner Ear

The inner ear consists of the cochlea, the semi-circular

canals and the auditory nerve. The cochlea and the semi-

circular canals are fllled u ith u'ater-1ike f-luid. The f-lr'rid and

nen,e cells of the semi-circnlar cauals help in maintarrting

the body balance. The inner surface of the cochlea is lined

with hair-like nerve cells that differ in length. The nerve

cells also have different degrees of resilience to the fluid

which passes over them.

As a compressional \\'ave moves from the interface between

the hammer of the middle ear and the oval window of the

inner ear through the cochlea, the small hair - like nervc

cells are set in motion. Each hair-cell has a natttral
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sensitivity to a pafiicular fiecluency of vibration. When th.
frequency of the compresstonal u,ave matches the natura.

fiequency of the nen-e cell. that nerrre cell vibrates u,rtl-.

large amplitude making the cell release an electrical irnpulse
which passes along the aLLditory nerve to the brain.

Echo and Reverberation

Dear leamer. yor-l might have erperienced that when you are

in an empty space or in fiont of a tall building or a hall and

you shout loudly, you will observe that, faint sound

resembling the original sound comes back after some delar
of time. This perception of the reflected sound leads us to
the discussion of echo and reverberation.

Dear learner, sound, Iike any other w.aves can be reflected.
The reflectio, of sound \vave can lead to two effects which
are echo and rer erberation.

Echo

An echo is a reflected sound which is hearcl distinctly from
the original sound.

It occurs when a sound wave is reflected and hence alTives

to the listener after some time delay after the direct sound.

Echo is experienced in remote places, in rooms that are big
and empty, in caves, in buildings and in big forests.

Applications of Echo

The following are some of application of echo.

I. Measuring Distance

39
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By knowing the speed of sor-rnd and nrersurrng thL-

time it takes to hear the echo. and onc- can calculate

the distance of the source.

2. A,[ea,s uring Veloc:iQ

When a wave bounces ofTa moving object, the frequencv

of the sound waves changes. According to the relatrve

velocity of the object, if the object is moving towards

you, the fiequency or pitch ofthe sound gets higher, and

when it is rnoving away, the pitch gets lower.

3. Bats cun./incl llotion.s'

While flf ing arotind at nlsht. the bat sends a sharp click

or chirpin-e sound and then lteat's a processes anr echc'r

from other objects in the area. Bats have large ears that

are very sensitive to sound in certain wavelengths.

Reverberation

When a sound is produced in an enclosed space, multiple

reflectior-rs u'ill occur. Ideal11.. the enclosLrre should l-iar,e

dirnensions of not less than 17rn as shori.n rn FisLrre 1.12.

Figure 1.22: Reverberations

;
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The multiple echoes tend to combine in the listener's ear to

produce a louder, more sustained sound called

reverberation. Reverberations are heard in places

surrounded by cliffs and caves. Cinema halls and large halls

are designed in a way to produce reverberations.

Velocity of Sound in Air

Dear learner, I hope you still remember when u'e learnt that

sound is a mechanical wave. Sound can travel in air (gases),

liquids and in solids; it cannot travel in a vacuum. The speed

of sound in air is approximately 340m/s. Sound travels

faster in solids than in liquids and air.

Dear learner, the velocity of sound in air can be tbund

experirnentally. The activity 5 guides you on how to find the

velocity of sound in air experimentally.

Activity 6

Aim: To determine the speed of sound in air by echo

method.

Materials: Two wooden blocks, stopwatch, measuring

tape and verlical cliff or wall.

Procedures:

1. Measure a distance from a point (A) to the sall.
Record the distance as d. The distance from pornt -\
to the wall should be above 17m, preferabll- abore

100m.

2. Let one student stand at point A and hit the tu cr

wooden blocks together.

3. Another student also standing at point \. .:t..uld
measure the time interval (t) from the time .ri h::lur-Lg
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to the time an echo is heard as shou,n in Figure 1.23

lij. i1ii.:, r!:;jl

fi

d

Figure 1.23

Quiz

Using the relationshrpSpeed-HS. determine the speed

of sound in air (i ).

OLrservation from Activity 6

From the activity 6. we obsen,e that. u,hen the sounci is
produced. it travels distance r/ to tite n.a1l and back to thc
source covering the same distance in time t. the total
distance moved by the sound rvave in air rvill be za (to and
fiom motion).

The speed of sound in this u.ay is given by;

Ji.\tlrt1 t.((J) 2d
I clot ir.r\r).

1 illt('\/ ) t

Substituting values of a andt, we _eet approxirnately 240
mis.
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D:::.:-.,-; -..- - r- -. i1tat'esolved
tbr r.rL. 't1.,..; .-.t- . .: " - .' ,rltt points for
fitture rel-e ralr J i:.

Example 5

Sound travelling to\\ ards a ci;-, - . -, , .,., takes 4.2

seconds for an echo to be heard f'.i;...,,.; ,:,.' ,, eiocity of
sound in air.

Solution

Given that

Distance (d): 700 m

Time (t) :4.2 seconds

Velocity (v) is obtained from the formula l/elociq'(l =4
t

Substitute the values vn e have:

.. / \ 2Ll 2'700trt
l/cloL'th'lt l= 333.-J3 tnl:

t 4.2:

Example 6

A student standing between two vertical walls and 480m

from the nearest wall, shouted. She heard the first echo after
3 seconds and the sound 2 seconds later. Use this

information to calculate:

a) Velocity of sound in air.

b) Distance between the two walls.

Solution

Given

First distance (dr) :480 m

First time (tr) : 35 seconds

Second time (tz) : 35 seconds

a) From the relation Velociry\v) -4
t
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)/ I -l80rriIi'l,,.irr'(r') ' '---::J20rrr 
s' t 3r

.'. r, :320 rz ,/ .l

b) Distance (d) is obtained as fbllow's

d=dt+d:

_320rrisx5s
2

- 800 rrd2

Therefore, d = clt + d:=,180ru+800 m=I280tn

Factors All'ecting the Velocity of Sound in Different
Materials

Dear learner, the velocity of sound u'ave in material can be

aff'ected by various factors. The follorving are the f-actors

inf-luencing the velocity of sound waves:

1. Nature of Nlaterial/Medium

The speed ol sound in air is about 3.10rr"rrs. the speed of-

sound in u'atel is about I500mis and speed of sour-rd in
iron is about 5130 mr's. Thus. sound travels slou'est in
gases, faster in liquid and fastest in solids.

2. Temperature

The speed of soLrnd at OOC is about 3-l2nr,'s, but at 2Or'C.

the speed of sound is about 340 m/s. The speed of sound

in air on a hot day is more than the speed of'sound in a

cold day.

3. Humidity of Air
The speed of sound in air is more in humiditl, air. As thc

humidity of air increases, the velocity of sound increases
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1. Explarrt uhr i a,..:. .,". r 'll11le

place as \\'o\ e pcl::<- : ..' j

2. An electrolttasttciL. .lr - : -\ Ilot

require a medium. Can larii ii-..-.:. -:' : ..,' :'.;' tlli'tt
would support this clairnl

3. How can we distinguish experiment between

longitudinal and transverse waves?

4. If a person places her ear to one end of a long iron
pipeline, she can distinctly hear two sounds when a

workman hammers the other end of the pipeline.

Explain why this happens.

5. Explain why sound travels faster on a rainy day than

on a dry day.

6. Consider a stretched spring, such as a slinky. The

stretched spring can suppcrt longitudinal waves and

transverse waves. How can you produce transverse

waves on the spring? How can you produce

longitudinal waves on the spring?

7. Is it possible for light to be ditAacted when passing

through an open window? Explain.

8. What is the Snell's law about?

9. A woman sees steam coming out from a factor-v

whistle and three seconds later she hears the sound. If
the velocity of sound in air was 360m/s, calculate the

distance from the woman to the factory.

10. Two boys stand zoom apart on one side of a high

vertical cliff at the same perpendicular distance frorrl
it. When one fires a gun, the other hears the sound 0.6

second after the flash and the second sound 0.1-i

second after the second. Calculate:

a) The velocity of sound in air.

b) The perpendicular distance of the boys from the

c1iff.
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Unit 1: Analysing Waves

Dear learner, music is an organised sound which has some
pattern. Music uses certain frequencies or combinations of
frequencies called musical scale to produce sound that ale
pleasing to the human ear.

Noises on other hand, is random and u,ithout stmcture. All
frequencies might occur and their combination is often not
pleasing to the ear.

Properties of Musical Sounds

The musical sounds procluced by clifferent musical
instruments have distinct properties that are used to describe
them. These include loudness, pitch and timbre.

Loudness

Loudness is the intensity of the sound as perceived by the
hurlan ear. It is determined by the number of ar"rditory nerve
fibres activated by the sound wave and number of irlpulses
caried by each fibre. Loudness is determined by the
an-rplitude of sound wave. The larger the amplitude, the
louder the sound.

Pitch

Pitch is a property of sound accorcling to u,hich solrnds can
be oldered on a scale from high to lou,. Pitch is determinecl
by the frequency such that the liigher the frequrency, the
higher tlre pitch of the sound produced.

Timbre

The tirnbre of a sound is also knou,lr as sound quality or
colour. Timbre is a tone quality of sound (chalactcristic)
produced by instrument that describes the differences
amongst sounds of the salne pitch and loudness. For
example, sound procluced by a guitar and trumpet differs
only in tin.rbre.

il
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The timbre depends on fundamental fi'eclLrer.ri\ .1rd r)\ ertone
of sound waves.

Dear learner, I hope you have undelstood uell rlrolit rllrsic
sound and their properties. nou practice tire tbllo*'ing
activity.

Activity 8

l. Draw waveforms which are produced by tu,o notcs of:

a) The same pitch but diff-erent loudness.

blDillerent quality.

2. State three (3) ways in u,hich the rnusical notes may
differ from each other.

3. State the wave properties on which loudness, pitch
and quality of a musical note depends.

Musical Instruments

Dear learner, welcome to another part which is about
musical instruments. Do you know any musical instrument?
How do they differ from each other? If the answer is no!
Don't worry you are going to understand them very well.

A musical instrument is a device constructed or modified for
the purpose of making music. Musical instruments are
divided into three categories based on how they initially
produce sound. These are string, percussion and wind
instruments.

i. String Instruments

They produce sound from stretched shings that are plucked,
struck, rubbed, and bowed. Examples are glitar, violin,
viola, harp, cello, piano and so on as shown in Figure 1.24.
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Violin Viola Guitar

Cello Double
Bass

Harp

ii. Percussion [nstruments

These produce musical sounds by being struck, shaken,

rubbed, and scrapped or by any other action which sets the
object into vibration. This group inch-rdes the drutn,
cymbals, tambourine, marimba, bell. and rylophone and so

on as shown in Figure L25.

d

Figure 1.25: Some examples of percussion instruments

iii. Wind Instruments

They are made up of a pipe or tube in which column of air is
set on vibration by the player blowing into or over a mouth
piece of the end of tube or pipe. Examples of these are

recorders, flutes, trumpets, saxophone, horn, and tuba as

shown in Figure 1.26.
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Figure 1.26: Some examples of wind instruments

Dear learner, I hope you have understood and enjoyed
learning about musical instruments. Now, do the following
activity.

Activity 9

Under your facilitator, make simple musical instruments
of your choice and classi$z each instrument you have
made into its respective category.

Standing or Stationery Waves

Dear learner, in the previous part you learnt about moving
waves (progressive), and now we are going to discuss the
standing (stationery) waves. I hope you are going to
understand it very well. You are welcome and enjoy.

A stationery wave results when two waves which are
travelling in apposite directions and along the same line
within the same medium superpose (adds or subtracts). The
two waves must also have approximately equal amplitude,
same speed and frequency. The superposition of two such
waves results to a point where displacement (amplitude of
vibration) is always zero. These points are called nodes.
Midway between the nodes are points where the maximum
displacements are greater than anywhere else. These points
are called antinodes.

The profile of a stationery wave does not travel. Although
there is energy associated with the wave, energy does not
pass along it.
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Consider two transverse waves A and B with equal
amplitudes, wavelengths and speeds travelling in opposite
direction on a string.

As the waves pass each other, their amplitudes combine. If a

crest of wave A combine with a trough of wave B, the two
amplitudes cancel out and the net displacement of the
medium particles will be zero as shown in Figure 1.25

Figure 1.25: Superposition of waves

If crest of wave A combines with a crest of wave B, the
result is a displacement twice as large as either A or B as

shown in Figure 1.26

Figure 1.26: Production of a stationary wave

As the two waves pass along the string, their amplitudes will
alternate between adding together and cancelling out. The
result is a stationery wave that oscillates back and forth.
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This happens when a \\'ave is rellected ofTa fixed boundary.
At a cerlain point along the strin-t. the tu,o \l'aves always
cancel out proving zero dispiacelnent (nodes) and at other
points they add together to produce a maxirnurn
displacement (antinode).

There will be a node at each end of the string and there may
be additional nodes. Antinodes occur at points haltway
betrveen the tw'o successive nodes as shown in Figure 1.27.

Figure 1.27: A stationary wave

Dear learner, I hope you here understood well about the
standing waves, now practice the following activity 10

Activity l0

1. Explain how a standing wave is formed.

2. State three (3) conditions for a standing wave to
occur.

3. Distinguish between a node and antinode.

Fundamental Note, Harmonic and Overtones

Dear learner let us proceed with fundamental note, harmonic
and overtone, welcome.

Fundamental note is the lowest possible note that a
vibrating string or pipe can produce.
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The fi'equency produced by fundamental note is ca11ed

Jun d am e n t al ./r e quen q,.

A note r.vhose frequency is a whole number(,r) times that ol
the fundamental is called the nth harmonic. The first
hannonic is therefore the fundarnental note. The notes of
higher frequency rvhich are produced with tlie fundamental

note are called ovetlones.

The first overtone is harmonic whose frequency is lon'est

amongst those with fundamental note.

Stationery waves on a string that is llxed at both ends are

restricted to having only cefiain u avelengths. The u ar e

must fit betu een the cnds of the strit-ts s ith a tlocle at each

end.

The fundamentai note of r. ibration occurs u'hen there are

nodes at each end and a single antinode betrveen thern' The

fundamental note is called filst hatmonic.

The overtones of a note are notes of a higher fiequency

which are produced with tlie fundamental note. The llrst
overtone is the harmonic where fiequrency is lor'vest amongst

those rvith tirndamental note. The seconcl overtone is the

next higher harmonic rihich is present. I{ighcr harnlonic

occurs r,vhen there is one addttional tlode as shoull in FigLrre

1.28.

---1

t
:
t

Figure 1.28: Fundamental notes and harnlonics

I-t-
i

r
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The fundamental note consists of half a cycle. If the length
of string is L then wavelength z of fundamental note is
given:

)
L-1

2

:. )"1=2L

The 2"d harmonic consists of one firll cycle and has

wavelength ,2u. =I
The 3'd harmonic consists of one full cycle plus half cycle
giving its w'avelength 2. equals to:

1)

2

.2L
'3

In general, for a string of length, L fixed at both ends. the

u,avelength of ntl'harmonic is given as 
^,=?Ln

Sincer:1s-, the frequency of the nth harmonic (f,) is given

.. /11't,-,

Factors Affecting the Frequency of a Vibrating Wire

Dear learner, welcome to another part which is about factors

affecting the frequency of a vibrating wire. However, before

discussing these factors, let us see the meaning of

sonometer.

The Sonometer

This is an instrument used to studl' propenies trl u'ar es.

especially stationery wa\res. It is r-nade Llf.r tri.l ri ire or string

AS;
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fixed on top of a box. The box increases the loudness of the

sound produced by the wire as shorvn in Figr,rre 1.29.

Pet firiee $tring Fulky

Matrts

Figure 1.29: The sonometer

If the mid-point of the u'ire is ph-rcked, tlie rniddle u'ill fbnr
an antinode rvhile the tu,o'fired ends rvill have nodes'

Dear learner. note that:
1. The fi'equency (f) procluced by a vibrating string

depends on:

a) The length of string (L).
b) The velocity of u,ave (v).

2. The velocity (r') of tvaves on a stretched string
depends on the:

a) Tensiott (T) in the string
b) The linear mass density (p).

Therefore, the fieqr-rericy of the sound produced by a

vibrating wire depends on three f-actors r'vhich are:

l. The tension on u ire

2. The length of the r.vire

3. The mass per unit length of rvire.

Dear learner let us proceed w'ith the following activity 1l

:

il
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*
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f( Activity 11

Aim: To investigate the factors that affects the ti'equencv
of a vibrating wire.
Materials: Slotted weights, a set of different tunrng forks
and sonometer with a steel wire.

Procedures:
1. Set up the sonometer as shown in Figure 1.30.

Trning fork

r},tesses

Figure 1.30: The Sonometer

Note: The weight should be enough to keep the wire
taut.

2. Select a turning fork with lowest frequency and set it
into vibration. Pluck the wire at some time. If the two
sounds are not in unison add or reduce weight until they
are in unison.

3. Record the frequency (0 of the tuning fork and the

distance between the bridges.
4. Sound another tuning fork and adjust the length between

the bridges until the sounds produced are in unison.
5. Repeat the procedure for all the other tuning forks.

Record your results in a table similar to the one shown
in Table 2.1.

6.
Table 2.1: A table of results

Frequency of the
tuning fork (f)

Length of the wire (L) I

L

Quiz

a) Draw the graph of Tagainst lL
b) Determine the gradient of the graph.
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c) From the graph, how does the frequency of a vibrating
wire vary with increase in the length of a wire?

Dear learner, the graph of 7 against ] is a straight line
L

through the origin as shown in Figure 1.31.

Figure 1.31: A nature of graph of .7 against 
I

This rneans that fiequency is inversely 
tpropoaioral 

to the

length of the u,ire i.e. I "!.I
(1)
The fiequency of the u.ire is directly proportional to the

tension (T). From erperiment. it has been obsen ed that the

frequency (f) is directly proportional to the square root o{-

tension 1T) on the wire i.e.

/",ti. ........(2)

The frequency of the sound produced is inversely

proportional to the mass per unit length(l). ff a thicker wire

is used, the frequency decreases. From the experiment it has

been established that fiequency is inversely proporlional to

the square root of the mass per unit length. i.e.

"fta 1-' !,,,
I(3)
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of the three equations, we get:

.tuhere, ; is a constant obtained from

Combination

Tf
2L lt

experiment.

Dear learner, study the following examples

Example 7
The frequency obtained from plucking a string is 400H2
when tension is 2 N, find the:

i. ' Frequency when the tension is increased to 8N.
ii. Tension needed to produce a note of frequency

600H2.

Solution
Given
i. Freqr-rency (fr): 400H2 at tension (Tr):2N

Frequency (f:) at tension (T:) of 8N is calculated from a

formula .1d"lr

That is: 1=
f.

have.
F-E

t, - l, r- -1t)O H- /- 
N 

- x00H,
!4 V2V

ii. Tension (Tz) at frequency (fz) of 600 Hz is calculated

Ao*' {=./1. SuUrtitute the values and solve for T: wef. \j4
have:

l

r,-l Ll . -[ 600H:]' * 2 V-4.5N
\l ) \4ooH:)

Example 8

A string has a length of 75crn and a mass of 8.2g. The
tension in the string is 18N. Find the frequencies oirhe I't
and 3'd harmonics.

l"
\lr

Substitute the values and solve for fz we
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Solution
Data given
Length (L) - 75 cm: 0.75 rn. Mass (m) : 8.2 g: 0.0082 kg
Tension (T) : 18 N
The fiequencies of first harmonic (fr) and third harmonic

m
,t

(1:) are calculated using a fbnnula.f,-$ frr, i =-,/lrrrO
1L !,tt

Therefore ,=ff= l8Nx0.75rz
0.0082 kg

=40.6m1s

Finally l, 
I 

-4tt'(trrt '-l-//-- ancl' )l I 0.75rir

, .t, __l J..bli ' xlH:
2L 2.0.J5nt

Example 9

A string 0.5m long is stretched under a tension of 200N and

its fundamental frequency is 400H2. lf the length of string is

shortened to 0.35n-r and the tension is increased to '100N.

Find the neri' fundamental ti'ecluencl'.

Solution

Given

Length 1Lr) : 0.5m at tension (Tr) of 200N and fi'equencv

(fr) of 400H2

Length (L:) : 0.35m at tension (T:) of 400N

New fundamental fiequency (f:) is obtained fiorn a relation:

-t' , E. Substitute the values and find f) rve have
Lt \4

.f,

f.

I
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.f,
t'I

J t"l

,"

r-
11,

iT
X _400 H:x0.5m

0.35 rr
400 \r

=lt0lt Hz
200 N

x

Forced Vibration and Resonance

Dear learner, I hope you have understood very well about

factors affecting frequency of stretched wire. Now, let us

proceed with another part which is about forced vibration

and resonance.

When the natural (resonant) frequency of a metal vessel is

200H2, and a tuning fork of frequency 256IrJ2 is set up into

vibrations and its stem is placed in contact into the vessel,

then the vessel will be forced to vibrate at a frequency of
256H2. In such a case, the vessel is said to perform the

forced vibration.

Forced vihrutions are vibrations produced in a body as a
result of an external periodic vibration of frequency
dffirentfrom the naturalfrequency of a body.

When the frequency of vibrations of a body is equal to the

frequency of external vibrations, the amplitude of forced

vibrations becomes maximum. This phenomenon is called

resonance

Resonance occurs when a body or system Jreqtrcncv of
.forced vibrations is equal to the natural fi-equena. of a
body.

Dear learner let us proceed with the activity 12
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Activity 12

Aim: To investigate resonance in an air column.

Materials: Graduated cylinder, glass tube, tuning fork,

thermometer and water

Procedures:

1. Filla graduated cylinder with water.

2. Partially insert a glass tube open at both ends.

3. Strike a tuning fork of known frequency and hold it

over the open end of the tube as shown in Figure 1.32.

Figure 1.32: Resonance in a closed tube

4. Raise or lorver the tube in the u'ater to vary the lor-rdness

of the sound produced in the air colutnn.

5. Note the point at which the loudest sound is prodLrced.

6. Determine the length, L at r.vhich the loudest sound is

produced.

7. Measure the roottt tetnperature using a thermometer

After performing the previous procedures attempt the

follorving questions.

a) Determine the u,avelength of the sound produced. t
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Calculate the speed of sound in air using the results

obtained. Use the relatioriship V=331.5 +O.O0f("C).

Water at the bottom of the tube acts as a seal, making the

tube closed at one end. As the tube is raised or lowered, the

volume of the sound produced will change. When the length

of the air column produces anatural frequency of the tuning

fork, resonance will occur. The volume of the sound will be

relatively high.

Resonance in a Closed Pipe

Dear learner, if a tuning fork is sounded at the top of a tube

with one end open and other closed, the air in the tube

resonates (vibrate freely) at a certain length of the tube. The

resonance is observed as a loud produced in the tube when

the proper length is obtained. The first resonance occurs

when air vibrates at its fundamental note or first harmonic as

shown in Figure 1.33.

Figure 1.33: The fundamental note

The fundamental note consists of one - quarter cycle. The

length

r, =!,t,'4
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In practice, the vibrations at an open end of a pipe extend

into the free air, just outside. The actual position of

associated displacernent antinode is a short distance (c)

beyond the end.

This distance is known as end colrection. The etfective

length, L of the closed pipe is therefore L + C and that of

open pipe is

L+2C.

Considering the end correctiotr t, + t'=! )

The second harmonic or flrst o\,el1one is prodr-rcecl u'hcn the

length is increased to length Lr as sho\\'n in Figure 1'34'

F

Figure 1.3i1: Second harmonic (first overtone)

i
The length L.='.1'lneglecting end correction. C) and

+

L -( =1r. lWirh end correction. C)'4

Increasing the length of the tube will give the third

resonance. This is the second ovefione or third harmonic

shown in Figure 1.35.

N
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><x
\

I

tr'igure 1.35: Third harmonic (second orertone)

5The length Z,
,1

2 (neglecting end correction. C) and

L -c =],,r rwlttr end correcrion. Ct
4

Generally for any harmonic (n):

1,, =(2n - 1))" or L,, + C =(zn - t)5"

The frequency of vibrating air is the same as that of the

tuning fork, and wavelength is calculated from the length of
the tube.

Resonance in an Open pipe

Dear leaner, I hope you have understood well about

resonance in a closed pipe, now let us discuss the resonance

in open pipes.

Open pipes have both ends open. An open pipe has

antinodes on both ends. The fundamental note or first
harmonic will be as shown in the Figure 1.36.

AA

Figure 1.36: The fundamental note in an open pipe (first

harmonic)
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The length of tube, Lr is equal to half the wavelength i.e.

). but the tube has two end corrections, therefore

r, +zc =! s.r-)
L

The second harmonic or first overtone is obtained by

increasing the length of tlie tube as in Figure 1.37.

r.. =!'2

1n'-"*
,'" 

-t-

-/t 
--_u

Figure 1.37: Second harmonic (first overtonc)

The length oltube. L: is eqr-ral to riarelength i.e. L.=). but

the tube has tu'.o end colrections, therefbre l. + )-C' = )-

Generally, for any harmonic (n) the length L,, anci

u,avelength are related by the equation:

t. +C:=!l,,2

Dear learner, I hope you have understood the resonance in

open and closed pipes. Now, let us obser-',e the eramples 10:

Example 10

A tuning fork of f}equency 5l2Hz is sounded at the mouth

of a tube closed of one end with a movable piston. It is

found that resonance occlrl's when the column of air is 18cm

long and again u,hen the column is 51cm long. Determine

the velocity of- sound in air.
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Solution

Given

Frequency (D: 512H2

Length (I,) : 1Scm

Length (I.):51cm

Velocity (v) of sound is obtained using the equationr,:.72

But ) is obtained as follows:

For a closed pipe t,=!l,oncl L,=l,t ,h.,4 '4

L.-L, !s,-' s.=t ,t,'4 4 2

Therefore, 1 = 2(L, - t,) = z(s 1 - 1 8) cm = 66 c n = 0.66 nt

Then, r - f^:512 Hz x o.66nt: 338 m / s

Example 11

In a closed pipe, the first resonance is at23cm and second at

73cm. Determine the wavelength of the sound and the end

correction of the pipe.

Solution

For a closed pipe

t,+c=!)"=0.23m+c-1t ...... ..(l)'44

r,+c=]s"=0.i3n+c=1)"..... ...... (2)'44

Solving equation I and2 simultaneously we have:

)"-i n.r and C :O.O2 n-r or 2 crn
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Example 12

A tuning fbrk of frequency 250H2 is r.rsed to procluce

resonance in an open pipe. Given that the velociry ol soLurd

in air is 350m/s, find the length of the tube rvhich gives:

a) The flrst lesonance.

b) The third resonance.

Solution

For an open pipe lengths of resonances are calcr-rlatecl fi'om

the eqtration L =! but ;.-\=ltl)Jl t 
-1 1,,,

a) The first resonance we ltave l, =:=+-0Jnt

b) The third resonance we have r. 3) ' 3't\] trr 
-2.7rtt22

Dear learner, no\v attempt the fbllow'ing Activity 13

n
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Activity 13

1. A pipe closed at one end has a length tri ltrcrll If the

velocity of sound in the air pipe is 3-l[)nl s. Calculate

the frequency ofthe:

a) Fundamental.

b) First ovetlone.

c) Give reason why frequency of fundamental may

change during the day?

2. Explain why the:

i. pitch of the note from sounding organ pipe changes

as the temperature rises.

ii. same note produced by wind and string instruments

has different quality.

fr

Electromagnetic Spectrum

Dear learner, in the previous Unit you learned about two
types of waves (mechanical and electromagnetic) wave. In
this subunit you will learn about electromagnetic wave in
detail.

Electromagnetic waves as you have learned in the previous
part of this unit propagate through space or mater by the

vibration or assimilation of an electric field and a magnetic
field at right angles to one another. The waves travel
perpendicularly to both electric and magnetic fields as seen

in Figure 1.38.

Figure 1.38: Electromagnetic wave

67



Unit 1: Analysing Waves

Electromagnetic waves are produced when electrically
charged particles oscillate or change energy. The greater the
energy changes, the higher the frequency of the resultin-e
wave. In a vacuum, electromagnetic waves propagate at the
speed of light.

Electromagnetic r,vaves include radio u'aves, microuaves,
infrared radiation, visible light, ultraviolet rays, x-rays and
gamma rays.

Dear learner, let us now learn abor-rt properties of
electromagnetic waves as fbllows:

i. They do not require a material medir.rm to trar el

through.

ii. Like \\ a\res, thel' undergo rellection. refraction"
interf-erence and diffiaction.

iii. All electromagnetic w-aves travel at the speed of light
approximately 3 x 108 m/s in vacuum.

iv. They carry no electric charge.

v. They transfer energy from a source to a receiver in the
form of oscillating electric and magnetic flelds.

vi. They obey the wave equatlon(C=72).

Electromagnetic Spectrum

Dear leamer, electronragnetic spectrlur is a continuous band
of all electromagnetic \\iaves arranged in order of increasing
or decreasrng fiequencies or war.elength change. The
electrornagretic spectrlrm can be divided into seven major
regions or band as seen in the Table 1.3.

.

ll

il

il

il

$
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Table 1.3: Electromagnetic !puctru nr

The following observations can bc' nraric fl'or-n the

electromagnetic spectrum:

i. The electromagnetic spectrum is conttnurrr-Ls sLrch that

each band merges into the next and there are ltrr gaps in

the frequencies. The different kinds of radiation

gradually change from one another as their properties

also gradually change.

ii. ln some cases there is an overlap in the range of

wavelengths. This is because sometimes the nante siven

to the wave (radiation) is determined by the source and

not the wavelength (or frequency) for erarrple x-rays

and gamma rays.

Dear learner, I hope you have understood about different

bands of electromagnetic spectrum. Nou. let us learn in

detail one band after another.

Rodio > 0.1

Microwoves 0.1 -1x10'3 3x103-3x10':

fnfra-red 1x10-3-7x10-7

Visible 4x107 - 7 x1o'7 l.a,

Ultro-violet 4x1O'7 - 1x 10 8

X-roys 1x10-B-4x1013

6ommo roys 1x10,10_1xlO16 3x'1ir.:-:,'---
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Unit '1: Analysing Waves

1. Radio Wave

Radio waves have the lonsest \\ ir r.ltnStir rn the

electromagnetic spectrum. Radio \\ a\ es .alt liLnhu.r be

divided in long waves (LW), rnediutr \\tl\es t\1\\ r and

short waves (SW). Shofi waves inclr-rde r en hrsh trequencr
(VHF) and ultra-high frequency (UHF) \\'ales.

Radio waves have frequencies fiorn 300 GHz to as lori as

3KHz and corresponding u,ave lengths ranging fiom I ntnr

to 100 krn.

Radio waves are generated by radio transmitters and

received by radio receivers.

Sources of Dadio Waves

Radio \\ra\ es are produced br':

i. Alternating electric curents tlowing in special

conductors called antennae.

ii. Special circuits called oscillators.

iii. Objects in space such as planets, comets, stars and
galaxies.

Detection of Radio Waves

Radio waves are detected Lrsing specially designed antennae
such as those used in radios and leler isions.

Use of Radio Waves

Deal learner, the fbllou'ing are sonre uses of radio \\'aves:

i. Broadcasting of infbrmation by radio and televisions
channels.

ii. Astronomers use large telescope to collect and study
radio waves from distant stars and galaxies.
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2. Microwaves

Microrvaves have short wavelength of betu,een l0-a m to

about 0.1 m.

Sources of Microwaves

Microwaves are produced by oscillation of charges in

special antennae mounted on dishes. Microu,aves are also

produced in devices called magnetrons.

Detection of Microwaves

Microwaves can be detected using special recerr ers u,hich

convert radio wave energy to sound. Radar u hicir is an

acronym for radio detection and ranging is a technology

which uses radio waves to detect and determine the position

of objects.

Uses of Microwaves

The uses of microwaves include the following:

i. Microwaves are used in cooking. In a microwave oven
microwaves pass through the food and are absorbed by
the food molecules. The absorbed energy causes the
molecules to rapidly vibrate producing heat that heats or
cooks the food.

ii. Radar (radio detection and ranging) system use

microwaves to detect the position, speed and other
characteristics of remote obj ects.

iii. Microwaves are used in long-distance communication
because they are not affected by clouds or other
atmospheric conditions.
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3. Inlia-red Waves

Infra-red radiation has a trequency of between 10r2 Hz and

10ra Hz. Infia-red radiation lies between the visible light and

microwaves in the electromagnetic spectrum. Infia-red

radiations are close to the microwaves and have a heating

eft-ect.

Sources of lnfra-red Waves

Infia-red radiation is produced by the vibration of atoms and

molecules due to their thermal energy. All hot bodies emit

inf'ra-red radiation.

Detection of Inlia-red Waves

Infiared radiation is inrisible to the human cye. We can

sense (1'ar frorn visible light) infiared radiation as heat. If
you hold your hand near an incandescent light bulb you can

feetthe infiared radiation being emitted. The devices used to

detect infiared radiation inch-rde black bulb thermometers,

photographic films, thermistors and photo transistors.

Uses of Infrared Waves

The fbllor,l,ing are some Ltses of rnfi'ared radiation:

i. Infiared radiation is used to cook fbod in conventional

ovens and cookers.

ii. lnfiared \4'aves with wavelengths near the visible light

are used in remote control, nigl'rt vision devices and

fibre-optic telecommun i cation.

iii. They are used in infia-red photography.
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4. Visible Light

Visible Hghr is :i-: :'.,:-:,-,', r',rrge of electromagnetic wave

frequencie: tr,u r'..-'' .. -- : , .-rt:ilirc.

Sources of Visible Light

Visible light is produced br ere,::.,-,:r ,r'"n.itions u,ithin an

atom. Approximately 5090 oi the 1i.1.::r,-rn entitted by the

Sun is visible light. We see objects t,e .rr,,is.. ther either emit

visible light or because they retlecr irsri.le light tiom

another source.

Detection of Visible Light

Visible light is detected using the eyes, photographic fiims

and photocells.

Uses of Visible Light

Visible light has many uses. These include vision,

photography, and photosynthesis by plants.

5. Ultraviolet Light
Ultraviolet light has a shorter wavelength than visible light

Sources of Ultraviolet Light

Ultraviolet radiation is produced by electron transitions in
atoms like those that produce visible light, but more
energetic. Ultraviolet is emitted by very hot objects. The
Sun emits ultraviolet radiation. However, most of the
ulhaviolet radiation is absorbed by the atmosphere's ozone
layer. Electric arcs used for welding also emit ultraviolet
radiation.
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Detection of Ultraviolet Light
The following are some of the devices rvhich can be used to
detect ultraviolet light.

i. Photographic fihns

Because ultraviolet light does not pass through ordinary
glass, the camera must be fltted with qtartz glass lenses.

ii. Fluorescent materials, w'hich absorb ,ltraviolet right and
re-emit it as visible light. Such materials glow on being
struck by ultraviolet light.

Uses of Ultraviolet Light
The following are some of the uses of ultraviolet radiatio,
i. Ultraviolet radiatior-r stimulates the production of

'itamin 
D i, the hurnan skin. vitanri, D is essertial i,

prevention of certain types of cancer ancl rickets.

ii. ultraviolet radiation is also used in treatment of skin
condition such as psoriasrs.

iii. Ultraviolet is used as a germicidal agent in the
sterilisation of food and purification of air and water.

iv. Fluorescent materials absorb ultraviolet radiatio, and re-
emrt it as visible light. In this lr,ay u,hite materials are
seen to glor,r,. Reflective paints are made in this u.a1,..
Some washing powders also contain f-luorescent
substances which glow in Sunlight making the clothes
look brighter.

v. Ultraviolet radiation is used in banks to detect forsed
documents and fake currencies.

vi. ultraviolet radiation is used extensibility in astronomical
observations.

Warning: Prolonged exposure to solar ultraviolet can lead
to damages on the skin, eye and the immune system.
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6. X-ra1's

X-rays are electromagnetic "-.,1"c:.' .:: >lt,.'ti .'\.1\L'lengths

and very high frequencr \-:.i. > ::j l:,1ed ionising
radiation because thev can ai111!- :: '::-.. .lLJ Itttrlecttles rvith
which they interact to lose on. .t .:,,i: elr'cirons. thus
producing ions.

Sources of X-rays

X-rays are produced u'hen elc;:i- :.. .:'.-,t hrtr c been

accelerated to very high relocitlc. :r ., ::r:..t1 titrgct. This
process takes place in an x-rar tLrbe

Detection of X-ra1's

The following are some methods ',,.htiit ;.ut br- ilsed to
detect x-rays.

i. Using a photographic plate.

ii. Using an x-ray film in a cassette.

iii. Using rare Earth element screens.

Uses of X-rays

The following are some uses of x-rays:

i. X-ray photography

When x-rays pass through a body they are better absorbed
by dense tissues such as bone than by surroltnding soft
tissues. A pantograph of the emerging x-rays displays a

shadow ofthe denser tissues.

ii. X-rays are used in the diagnosis and treatment of cancer.

7. Gamma Rays

Gamma rays are the most energetic of the electromagnetic
waves. Like x-rays, they can cause ionisation in matter.

Sources of Gamma Rays

Gamma rays are produced in space by things such as solar
flares, supernovae, neutron stars, black holes and active
galaxies. Nearly all gamma radiation coming from space is
absorbed by the Earth's atmosphere.
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On the E,arth, gamma rays are produced b1' radroactrr e

decay of atoms (natural radioactivity) or nuclear t-ission (irt

atomic bombs and nuclear reactors).

Detection of Gamma Rays

Gamma rays can be detected using photographic tllms.
Geiger - Muller tube or cloud chamber.

Uses of Gamma Rays

Gamma rays are the most penetrating of- all radiations and

have many of the same medical applications as x-rays.

Application of Electromagnetic Wave in Daily Life

Dear icanrer. elcctl'ornagnetic \\a\es are itttportlttt ilt otu'

daily lives as erplained belou:

i. Infla-red is a solrrce of heat u'hich is the f-avoLrrable

condition tbr groil'th of living organisms (plants and

animals).

ii. lnfia-red is used in drying objects.

iii. Visible Iight enables photosynthesis to take place in
plants.

iv. Ultra- violet is one sollrce of vitamin D in human
beings.

v. X-rays are used to control pests aud germs.

vi. Gamma rays are also used in agriculture to obtain
new plant varieties which are disease-resistant and
give more yields.

vii. Gamma rays are used for fbod preservation and

sterilization. Food products are exposed to gamtna
radiation frorn the intense controlled sources to kills
pests, bacterial, insects and parasites.

viii. Gamma rays are used in eradication of insect
and pests. The best techniques fbr the control of
insects and pests is Sterile Insect Techniqr.re (SIT).

$
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Irradiation is used to sterilize mass-reared insects so

that, while they rernain sexually competiti\.e. they
cannot produce offspring. As a result, it enhances
the crop production and preservation of natural
resources.

Dear learner, I hope you have gained a lot in this unit, now
do the lollowing activity

Activity 14

1. Explain briefly how the concept olnare is applied in
each of the following fields:

a) Medicine.

b) Scientific research.

2. A radio waves is a 1ow-frecluenc)' lisht \\'ave.
Explain?

3. Explain why metals shine? Explain

Dear learner, now you have completed this UniV Reflect
on the following questions to strengthen your knowledge
about the Unit.

1. Do you think learning this Did you find this unit
important to you? Give reasons.

2. Are there any applications of leaming this unit in our
real life activities? If yes what are they? Explain
applicability of knowledge gained in this Unit in daily
life.

3. Which part of this Unit have you understand more and
why?

4. Which part in this Unit was more difficult to you and
why?

5. What are your suggestions to improve the content of
this unit?

f(

Unit Reflection

#
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Unit Assignment

Unit 1: Analysing Waves

1 A hospital uses an ultrasonic scanner to locate
turxollrs in a tissue. What is the wavelength of sound
in a tissue in rvliich the speed of sound is 1.7km/s.
The operating frequency of the scanner is 4.2MHz

2. A pendulum makes exactly 40 vibrations in 20

seconds. What is its period?

3. A periodic and repeating disturbance in a lake creates

waves u,hich emanate outwald from its soutce to
produce circular rvave patterns. Il the tiequency of the
source is 2Hz and the wave speed is 5m/s, calculate
the distance betr,r,een adjacent rvave crest.

4. You learnt that light is electromagnetic u'ave that can

tral'e1 through a \-acllLul. Can sound \\'aves travel
through a vacuum?

5. Explain brielly rvhy sound produced in a hall rvith many
people is heard more clearly than rvl,en the hall has fbw'

people.

6. An echo sounder produces a pulse and an echo is
received from the sea - bed atier 0.4 seconds. If the

speed of the souncl in u'ater is 1500tr,'s. calculate the

depth of the sea-bed.

7. lllustrate Ielv plane \vater u'ave ft'outs are ditf]'acted on

passing through a naffow gap.

8. An old worran sitting in a gorge betrveen tu,o largc
cliffs gives a short sharp sound. She hears trvo echoes.

the flrst after 1 second and the next after 1.5 seconds.

The speed of sound is 340m/s, u'hat is the distance
between the trvo cliff's?

9. A girl standing 200rn from the fbot of a high wall claps
her hands and the echo reaches hcr 1.16 seconds.

Calculate the velocity of sound in air using this
observation.

$fttt

78



Module 4

10. During a storm, explain why a flash of light is seen first
before the sound.

I 1. (a) Why a musical note produced by an opel1 pipe is

softer than a note of the same fundamental frequency
produced by closed pipe?

b) A steel wire hangs vertically from fixed point supporting
a weight of 80N to its lou'er enci. The 1en.th olthe u,ire
from flxed point to thc ricrgi,i r> r.-i,rr. g.., en tire density
of steel is 7800kg/m3. Calculate the fundamental
fiequency emitted by the wire when it's plucked, if its
diameter is 0.5 mm.

12. (a) Guitars have strings of varying thickness. u.hich of
the string (thickest, or thinnest) produce the highest
frequency of musical notes'/ Explain.

(b) A violin string has a length of 33cm and linear mass
density of 6 g/m, and has fundarnental ti'equency of
140 Hz. Find the:

i. War.e velocity.

ii. Mass of a string.

iii. Tension in the string.

13. A closed pipe at one end has fundamental frequency of
400H2. calculate the:

a) Frequency ofthe first oveftone.

b) Fundamental frequency of an open pipe of the same
length.

14. Explain why somebody gets Sun burn while in the shade
of a beach umbrella?

15. Explain how electromagnetic wave is produced.

16. Radio wave is also a sound wave. Explain.

17. Explain why glass is transparent to visible light but not
to ultra violet radiation and infrared radiation?
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Unit 2

Applying Electromagnetism

Introduction
Dear learner, welcome to unit 2 of this Module. In the
previous unit yor-r learnt about u,aves. ln that unit you learnt

many concepts including types of u,aves. Can you use the

two types of waves you have learnt'? Well! Can you no\\'

briefly, describe the electromagnetic waves? Very good!

In this Unit, we shall discuss about electromagnetisn"r. This
is a very interesting r,rnit and very applicable in our darl-t"

lif-e. Do you remember in modules of Stage I you learnt

aboLrt Magnetism? Use a f-ew minutes to share rvith your
fiiend about magnetisation method. Hou, tnanv methods of
rnagnetisation are therel Which tlethod involr.-es electric

current? [ hope you hal'e noticed in your cliscrLssion that

there is a relationship betrveen electric cltrrent and

magnetism, since electric current gives rise to tnagnetism.

Electromugnetism i,s the bronch o./' Physics v'hich deal's

v'ith the study of relation,ship behreen mttgnetism and

electric. cttrrent.

In general, we can obtain magnetism ft'orn electric cttrrent

and also we can obtain eiectric current fiorn magnetic fleid.

Electromagnetism can be expressed as the eff'ect produceci

by the interaction of an electric current with a rnagnetic
freld. The interaction can result in a fbrce causing the

conductor carrying the current to move.

In this unit yor-r are going to discltss electromagnetism in

two parts. rvhich are magnetic lleld due to a current carrying
conductor and electromagnetic induction.

il
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Learning Outcomes

Upon completion oI- thi> L r.lt. r trl. \\ tl, 'oe ablc' ttt:

' Explain hou' electilc cLlr'rent 111',r,11..c: rrng1letic

field and identify the pattern r.irhc lliisnetic lleld

Iines around a straight condtLcrrrr:

. Detennine the direction and presence trl a lbrce

on a cuffent - carrying conductor in e ntagnetie

field;

. Determine the direction of force due to tu cr

current carrying conductors placed in a magnetic

field:

. Explain the concept and the laws of

electromagnetic induction;

. Explain the concepts of self and mutual induction

and describe the mode of action of induction coil;

. Describe the mode of action of a.c and d.c

generators and construct simple step-up and step-

down transformers.

Magnetic Fields due to a Current Carrying Conductor
Dear learner, by now, the term magnetic field is familiar to
you. You learnt it in Physics Module 5 of Stage I. Can you
remind us what does it mean by the term magnetic field?
Recall to your physics module 5 of stage I. Again, you have
already learnt that an iron nail can be made a magnet by
wrapping it with an insulated wire and the ends are
connected to the battery. In this experiment, an iron core
acts as the bar magnet temporally where you can trace its

ffi3
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Unit 2: Applying Electromagnetism

polarity (South Pole and North Pole). Consider the Figure
2.t.

t\a.1 I

B5tt€ry *6ll

tr'igure 2.1: N{agnetic fields due to current carrying conductor

From Fig.2.lrve obsen,e that; when an insulated rvire is
rvrapped around the sott iron core and the ends are

connected to the battery, the iron core becomes capable of
picking up small pins. The iron core loses most of its
rnagnetism when the current is switched off-.

Hence, the conductor (wire) has magnetic field only when it
conducts current. lf no current is conducted by the

conductor (u,ire), the conductor (rn'ire) produces no

ma-gnetic fields.

Magnetic field due to cun'ent canying c:ondttctor is the

ntagnetic Jield produced b-,- the condttctor when that

particular conductr:r conducts the electric cttrrent.

The activity 1 is used to demonstrate that an electric current
produces a rnagnetic f-reld.

rl
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Activity 1

Aim: To demonstrate that an electric current produces

magnetic field.
Materials: Battery, switch, rheostat, rvire and magnetic

compass.
Procedures:
1. Set up an electric citclrrt corttposed ol a battery,

srvitch, rheostat and a straight piece ollvire as shown

in Figure 2.2.

:. i

Figure 2.2: A compass on a wire carrr ing current

2. Hold a magnetic compass directly abore rtire AB and

move the wire until it is in line with compass needle.

3. Close the switch to cause an electric currerlt to florl'
from the positive tenninal of the battery to A and on the

B and return to the negative terminal of the battery.

Record your observations.
4. Use the rheostat to increase and then decrease the

cur:rent. Record your observations.
5. Raise the compass above the wire.
6. Open the switch and place the compass below wire AB.

Close the switch. Record your observations.
Reverse the battery and repeat the steps 1-6.

Attempt the following exercise:
a) What happens to the compass needle when the switch
is closed?

b) What happens to the compass needle when the current
is increased and then decreased?
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c) What happens to the deflection of the needle as the
compass gets further from the wire?

Observation from Activity I
We observe that, when the switch is closed, an electric
current flow through the conductor. This causes the
deflection on the compass needle.

The magnetic field around a current carrying conductor can
be shown by means of magnetic field lines as shown in
Figure 2.3

ljli.;. I i:::iiFi,. ::t :ti.ri,:it,: ;:1:,r.

Figure 2.3: Magnetic field patterns around a conductor

Dear learner, magnetic field pattern can also be represented
by a plan view. In the plan view, the conductor is
represented by a circle. A dot in the circle shows that the
current is coming out of the plane while a cross in the circle
shows that the current is moving into the plane as shown in
Figure 2.4.

Figure 2.42 Plan view of magnetic field pattern around a
conductor

$
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The strength ol magnetic fleld depends on the magnitude of
the electric cllrrent. The higher the current the stronger the

magnetic fleld and therefbre the greater the deflection.

The strength of the magnetic fleld decreases as you move

further frorn the conductor. There will be less deflection as

the compass is drawn from the current - carrying conductor.

The Direction of Magnetic Field for a Straight
Conductor

The direction of magnetic field created by the current
flowing in a straight conductor is determined by applying
the following two rules.-

i. The right -hand grip rule.

ii. The Maxwell's cork screw rule.

i. The Right-hand Grip Rule

The right-hand grip rule can be applied to a straight
conductor or a solenoid carrying an electric current.

For the straight conductor:

The right-hand grilt rule stutes that "IJ'yott ttrap yttur right
hand around o straight n*ire v,ith your thttmb pointing in the

direction o./'the electric current, then your.finger.s would be

cttrling in the directiot't o/'the ntagnetit:./ield."

85



Unit 2: Applying Electromagnetism

The rule is as shor,vn in Fisure 2.5.

Figure 2.5: Right-hand grip rule
,-&

ii. The Maxwell's cork screw rule

Maxwell's cork screw rule states that, "If a cork is screwed
in the direction of the circulating current, then its end point
moves in the direction of the magnetic lines offorce"

Consider Figure 2.6

Figure 2.6: Maxwell,s right-hand screw rule

For the solenoid, a solenoid is a long coil containing a large
number of turns of insulated copper wire as shown in Figure
2.7.

86
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Figure 2.7: A solenoid

The direction ol the magnetic field in a soler-roid is
determined by the right-hand grip rule for a solenoid rvhich
states that "when yolr wrap your right hand rvith your
fingers pointing in the direction of the convectional current,
your thumb points in the direction of the North pole." As
shown in Figure 2.8.

l-,.::n ,:a.frt!rl

t- *

L*r reii1

Figure 2.8: Right-hand grip rule for a solenoid

The magnetic field produced by current carrying solenoid is

similar to the magnetic field produced by a bar magnet,

however, unlike a bar magnet, the field lines pass through
the solenoid along its axis as shown rnFrgwe 2.9

{.a;r'**g:e

Figure 2.9: Magnetic field pattern generated by a solenoid

If current carrying solenoid is suspended freely, it comes to
rest pointing North and South like a suspended magnetic
needle. One end of the solenoid acts like North Pole and the

other end as South Pole.

B1
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The strength of the magnetic field produced by a current
carrying solenoid is directly proportional to the number of
tums in the solenoid and the magnitude of the current
flowing thror"rgh the solenoid.

Dear learner, perform the activity 2 which is about the
magnetic freld lines around a straight current-carrying
conductor.

f( Activity 2

Aim: To observe the magnetic field lines around a
straight current-carryring wire.

Materials: Battery, switch, rheostat, wire, cardboard,
iron fillings and magnetic compass.

Procedures:

1. Construct an electric circuit and run wire AB through
a sheet ofcardboard.

2. Close the switch so that current flows

3. Gently shake iron fillings onto the cardboard around the
wire as shown in Figure 2.10.

5*rtc*

:

Figure 2.10: INSERT A TITLE

Observe the pattern formed.

4. Hold a compass at various locations around the wire and
observe whether the patterns are clockwise or
anticlockwise as in Figure 2.11
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&

Figure 2.11

What types of patterns are formed?

Observation from the Activity 2

Dear learner, frorn the activity 2 in Fig.2.11, lr,e observe that
Iron fillin-es seem to fbrm concentric circles around the wire
on the cardboard. These circles represent the rnagnetic tleld
lines. The direction of these lines can be traced by using

Fleming right-hand grip rule or Maxweil's right irand screrv

rule.

Note

Fleming's right hand rule states that, " lf'three finger.s of
the right hand ttre held mutuctll.t' perpendicular to each

other, then the thumb poinls in the direction of motion,

fore .finger (inder .finger) point,s in the directiott tt/' the

.field then the middle finger points in the direc'tictn o/'the
induc'ed c:urrent "

f igure 2.12: Fleming's right hand rule

+
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Force on a Current Carrying Conductor in a Magnetic
Field

Dear learner, a culTent carrying conductor experiences a

force when placed in a magnetic field. If the conductor is
freely suspended in the magnetic field, the force on it causes
it to move.

This can be demonstrated as directed in the activity 3

90
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f( Activity 3

Aim: To investigate Fleming's lefl-hand rr-rle

Materials: U-shaped magnet, two rigid copper rods
(about 2 mm diameter and 2cm long), one piece of rigicl
copper rod(about 5cm long), w'ooden blocl< (1Ocm x
l0cnr x 5cm). three size D-drv cells. su.itch and
connecting r,r,ires.

Procedures:

1. Bend the two copper rods at the end (about 2cm from
the end) to form L-shapes.

2. Fix the copper rods on the wooden block as shown in
Figure 2. 13.

Figure 2.13: Two parallel copper rods carrying
current

Note that:

The trvo rods should be separated by a distance of about
3cm and should also be parallel.

3. Bend the ends of the shorter copper rod. Place the rod
at the ends of the two parallel copper rods.

4. Connect the set-up in a circuit as shown in Figure
2.t4.

I
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Figure 2,11: A free rod on parallel copper rods

5. Close the switch and observe the motion of the free
copper rod.

6. Open the switch and rotate the magnet through 1800
so that the SoLrth Pole is on the upper side.

7 . Close the switch and again observe the motion of fiee
copper rod.

8. Open the switch and return the magnet to its original
orientation.

9. Reverse the direction of current by changing the
orientation of- the batteries.

10. Close the switch and observe what happens to the free
copper rod. Record all your observations.

From the activity 3 describe the movement of the free
copper rod in each case.

Observation from the Activity 3

From the activity 3 we observe that; the direction of
magnetic field is perpendicular to that of the current.

The direction of the fleld is up and down while the direction
of the current is on the orientation of the free rod which is
horizontaL

When the switch is closed, the free rod moves either away
or towards the block. This shows that. the force on the

e,
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conductor (copper rod) is perpendicular to both the magnetic
field and the current.

Dear learner, the fbrce of current carrying condlrctor placed
in magnetic field depends on the following factors:

a) Strength of magnetic field, the more the fleld. the large
the force.

b) Amount of current florving in the conductor. The large
the current, the large the fbrce.

c) Length of a conductor. The longer the conductor, the

larger the fbrce.

d) Sin of the angle (S,ra) between the conductor and the

freld lines passing through it.

Fleming's Left hand Rule

Dear learner, in this part we are going to discr-rss the

direction of lbrce experienced by current can'yitrg a

conductor placed in a magnetic freld. As we have discussed

in the experiment (activity 3), current carrying wire
experiences fbrce when subjected to magnetic fleld. The
directions in which that force acts are given by Fleming's
left hand rule.

This rule is used to deduce the direction of fbrce acting on

cllrrent carrying conductor placed in a magnetic fleld.

Fleming's left hand rule states thefi, ",./'),r,,t, hold the

index.finger, the middle.finger and the thumb of -votrr leJt

hand mutually perpendiculor to ectch other so that the

inder.linger points in the direction of magnetic .field and

the middle finger point\ in the direction o.f'utrent in the

conductor, then the thumb will point in lhe direction o.f'

the fbrce acling r:n the conductor".
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The lalv is as described in Figure 2.15

Figure 2.15: Fleming's left hand rule

Force between two Parallel Current Carrying
Conductors

Consider two parallel current carrying conductors placed in
neighbourhood such that some amount of current flow
through the two conductors.

Each conductor w-ill experience the fbrce depending on the
direction of the cuffents.

Case I
When the currents are moving in the same direction, the
strips ofthe conductors attract each other.

When the currents flow in the same direction, the magnetic
fields between the conductors cancel out, thus reducing the
net field. However, on the outside the magnetic fields add
up, thus increasing the net field.

Therefore, the magnetic field is weaker between the
conductors than on the outside. The resultant force pushes
the conductors toward each other. Consider Figure 2.16 (a)?
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Figure 2.16 (a): Force betleen pnrallel current-carrYing
conductors

Case [I

When the cunents are moving in opposite directions, the

strips of the conductors repel each other as shown in Figure

2.16 (b).(rvhere is tlie said figure'?)

When the currents are in opposite directions, the fields

between the conductors add up, while they cancel out on the

outsi<le. The t-reld betn'een them is stronger than on the

outside. The resultant fbrce is torvards the outside of each

conductor, hence rePulsion.

The direction of the tbrce between trvo parailel conductors

carrying currents can be den-ronstrated in the laboratory as

guided by the activitY'l'

Activity 4

Aim: To deternrine the direction of tbrce producecl by

tu,o parallel current - carrying conductors'

Matcrials: Tu'o insulated coppernvires (5Ocm long)

without kinks. dry cells, a switch, connecting u'ires'

crocodile clips, two blocks of wood (1Ocm x 5cm x 5crn)

and thurnb pins.

Procedures:

1. Secure the wooden blocks on the ber,ch using

adhesive tape. The distance from the end of one

rvooden block to the other should be about 50cm'

fr
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2. Stretclr the copper wires between the wooden blocks
and secure thern in place using thumb pins.

3. Set Lrp the materials as shou,n in the Figure 2.17.

Figure 2.17: lnsert a title

The connecting r,vires are connected to DC and BC and to
the DC source with crocodile clips.

4. Close both switches and observes the behaviour of
conductors AD and BC.

5. Open the switches and reverse the orientation of one
set of the batteries so that the current through
conductors AD and BC is in the same direction.
Observe the behaviours of the two conductors.

Having learned from activity 4, explain the movements of
the two copper wires when the currents are moving in:

a) opposite directions.

b) the same directions.

Observation from the Activity 4

From the activity 4, we observed that; when the currents are
flowing in opposite directions, the conductors repel one
another while when the currents are flowing in the same
directions in the conductors, the conductors attract each
other.

q
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Dear learner, do the following exercise.

Activity 5

1. Describe the enor that results from accidentally using
your left rather than your right hand when

detennining the direction of'a magnetic force.

2. A compass needle is placed near current cal'rying
wire. State your observation fbr the fbllowing cases

and give reason fbr the same in each case.

i. Magnitude of electric current in wire is increased.

ii. The compass needle is displaced ar'vay fiom the

wire.

3. State the rules for finding the direction of the

rnagnetic freld produced around a current cat'ryiug

conductor.

4. Describe the shape of the rr-ragnetic freld lines around

a current carrying straight conductor'

Electromagnetic Induction
Concept of Electromagnetic Induction

Dear leamer, in the previous subunit you have learned that

an electric current flowing through a conductor can produce

magnetic field. The reverse of this also takes place such as a

conductor moving through a magnetic field will have an

electric current produced in it. An electric current will also

be produced in the conductor if it is held stationary while
the magnet is moving near the wire (the magnetic field
changes).

Electromagnetic induction is the production oi an

electromotive .fbrce (e.m..fl w'henever there is a change in

the magnetic.lield (magnetic flul linking a c:onductor.

Or
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Electromagnetic induction is the production of an
electromotive force across the conductoi when it is exposed
to a varying magnetic field. The e.m.f produced is called
induced e.m.f and the resulting current is called induced
current. Whenever there is a relative motion between a
conductor (wire) and magnetic field such that the conductor
cuts the magnetic field lines, there is an induced current.

Dear learner, let us now learn about how the relative motion
between the conductor and magnetic field produces induced
current.

1't Case in Upward Motion

Whenever there is a relative motion between the conductor
and magnetic field, an induced current is produced. This is
because there is a change in the magnetic flux linking a

conductor.

2"d Case in Downward Motion

The current produced by the movement in one direction
reverses u,hen the direction of motion is reversed: hence
current is induced as seen in Figure 2.8.

Figure 2.8: Downward motion-current induced

3'd Case Horizontal Motion

When the motion is such that the conductor is parallel to the

field lines no current is produced as seen in Figure 2.19.

98
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Figure 2.19: Horizontal motions-no current induced

What is demonstrated in Fig. 2.19 happens because the flux
linking the conductor (wire) does not change.

An induced current and induced e.m.f is as a result of'
change of magnetic flux linking the conductor. It is not
important r.r,hat moves the magnet or conductor. so long as

there is change of flux an induced current (or e.m.f) is

produced.

Laws of Electromagnetic Induction

Dear learner, there are two larvs of electromagnetic
induction which are:

a) Lenz's lau'.

b) Faraday's lar,v.

a) Lenz's Larv

This law explains the direction of induced e.m.1.

Lenz's latu states that "the direction of inducecl e.m.f is

such that the resulting induced current .flr.tv,s in strclt

direction thcrt oppose lhe change that catt.se it." OR

"The direction o/-an indttced cttrrent is ulv,ct\,s sttc'h thrtl

it c.tpposes the change cousing it".
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This means that, the current is opposing the movement of
the magnet (by trying to repel it). According to the Lenz's
law, the following were observed:

1. When North Pole approaches to the end of the coil,
the current in the coil flows such that a North Pole is
formed at that end. When the North Pole is moved
away, a South pole is formed as seen inFigwe2.20.

s
}J

Appi€a.&ilg :qottll ?olE 1'l'ithdr*}}4ng Nort} pole

tr'igure 2.20:Lenz,s law first observation

2. When South Pole is pushed towards the coil, a South
pole is formed at the end of the coil, and when the
South Pole is moved away, a North Pole is formed as
seen in Figure2.2I.
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Figure 2.21: Lenz's law second observation

b) Faraday's Law

Faraday's law of electromagnetic induction relate the

magnitude of induced e.m.f and the rate of change of the

magnetic flux linking the conductor. The magnitude of the
I

t
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induced e.m.f and cLlrrent increases with the increase in:

i. Speed of motion of the magnet or coil.

ii. The number of turns on the coil.

iii. The strength of the magnet.

ir,. The cross section area of the conductor.

It should be notecl that, r'vhen one parameter rvas being

changed, others were held constant. We can theretbre

concluded that, the induced e.m.f (E) increases u'ith speed

(r,), strength of magnetic f-ield. number of turns in the coil

and the cross-sectional area (A) of the coil. It can also be

shor,vn that rvinding the coil on a soft - iron core increases

deflection of the galvanonreter. Each of these f-actors causes

a change in the magnetic flr.rx linking the coil. This is the

basis of Faraday's law of electromagnetic indr-iction.

Faruday's taw oJ'electromagnetic induction stutes that

"yt,henever there is a change in the magnetic flux linked

with a circuit an e.m.f. is inclucecl, the strength oJ'v'hich

is pro1tctrtional to the rate rtf t:honge o/- the .flttr linked

v,ilh the ci'ctrit".

Self-induction and N{utual Induction

Dear learner, I hope you have gained a lot, let us tlow' learn

about self-induction and mutual induction.

i. Self-Induction

When the current flolving in a conductor, there is a change

in the magnetic flux linked rvith the conductor itself rvhich
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produces an e.m.t' in the conductor. This phenomenon is

eal led tt,l l- i ttlttt't it tn.

Self-induction is delined as a phenomenon where b1, crn

indtrced e.nt../'(back e.m..f) i,s produced within the sante
conductor wh.en an a.c flows throttgh tlte cc.tnductor.

The induced e.rl.f is called self:induced e.m.f or back e.m.f

because it opposes the e.rn.f of- the supply and its current

flows in opposite direction to that of the original current as

seen in Frgure 2.22.

f r*{d : si-j tltlarJ,:: !!* a:- til
r3il**ar:
g:r a1::+.!. i {ti aii:--l

i:rsB 116 Flse;t .*gr sd;

Frtrt+

Figure 2.22 : Self-induction

ii. Mutual Induction

When two coils are placed near each other, a varying (the
change) current in one coil will induce a current in the other.
This is called mutual induction.

The coil with a changing current is referred to as the
primary coil while that in which eurrent is induced is the
secondary coil as shown in the Figure 2.23.

j$.
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Figure 2.23: Nlutual induction

In tlre Figure 2.24, the current in the primary coil is

increased. This produces an increase magnetic f-lux in

the seconda.y .oil. In response, there is an induced e'rn'f

in the secondary coil producing current that in turn

produces a magnetic field in opposition to the primary

coil as seen in Fig. 2.23.

Figure 2.23: lncreasing current in primary coil opposing current
induced in secondary coil

The e.m.f induced in the secondary coil is proportional to

the rate of change of the current in the primary coil'

Application of Electromagnetic Induction

Dear learner, I hope you have observed that electromagnetic

induction is applicable in real life situations. do you think

the knowleoge or electromagnetic induction is applicable in

our real life situations? If yes good! Now let us learn it here

below.
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Electromagnetic induction is applied in the working of:

1. Induction coil.

2. Production ofeddy current.

3. Electric generator.

4. Transformer.

Now, do the following activity 6

Activity 6

1. State five ways by which the electric motor can be
made to rotate faster.

Dear learner, an induction coil is an electrical device
consisting of two coils; the primary coil and the secondary
coil, wound one over the other on an iron core. It is used tL
produce high voltage alternating current from low direct
current.

The primary coil is made up of tens or hundreds of turns of
thick wire while the secondary coil consists of thousands of
turns of fine wire. The secondary coil is wound on top of the
primary coil as shown inFigure 2.24.

Figure 2.24: An induction coil
I
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2. Explain the term back e.m.f.

Induction Coil
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Mode of Action

An induction coil uses electromagnetic induction to produce

high voltage in its secondary coil' The direct current in the

,rl*"o .Jit i, sr'r'itched on and otf b1 a nlake and break

*"charis-. This pro<luces changes itr curlent and magnetic

fieldu,hicharellecessar-vtbr.electrotrlagnetlcrncluctionto
occur in the secondarY coil'

when the current in primary coil is switched otl. the indurced

magnetism in the iron core attract the sotf iron armature'

The moving arlxature opens a gap betrveen the two contacts

rvhich breats the primary coil cir:cuit. This switches off the

cument.

As the indr-rced magnetism i-ades away, the annature springs

backclosesthecontactsandcompletestlrecircuitagain.
This allou's the current to f'lor'v in the primary coil again and

this cycle of events repeats automatically'

The induced e.m.f is very large. usually in the order of

hundreds of kilovolt (kv), such a high voltage is achieved

because of two things:

1. The secondary coil has a large number of turns

compared to the PrimarY coil'

2. The rapid change in the primary cuffent when switched

onandoffcaus-esarapidchangeinthernagneticfield
through the secondarY coil'

Applications of the Induction Coil

1. An inciuction coil is cotnmonly used in the ignition

system of internal combustion of engines'

2. A smaller version of an induction coil is used to trigger

the flash tubes used in camera and strobe light'

3. It is used in wireless telegraphy'

4. It is used in operating x-ray machines'

5. It is used in investigation of high voltage and conduction

of electricity through gases (electric discharge)'
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Generators

Dear learner, in the previous lesson you learnt that an e.,r.f
is induced in a conductor in a magnetic field wherever there
is a change in the magnetic flux linking the conductor.
According to Lenz's law, this change is always opposed by
a force so that work must be done to generate the e.rn.i.
Now, let us discuss about generators. Do yoll think
electricity can be produced by using batteries only? Let us
discuss together to get facts on this.

The generulor is an electrical device which prodtrces
eIectricit1, using the principIe o.f- electromagnetic inclttction
by cotttirtttotts ntotion o.f'either a coil or a magnet.

It convefts mechanical energy to electrical energy. The
generators can be in two main groups namely:

i. Alternating current generator (alternator) (a.c generator)

ii. Direct current generator (dynamo)

i. A.C Generators (Alternator)

An a.c generator utilizes the law of electromagnetic
induction spinning a coil at a constant rate in a magnetic
field to produce or induce an oscillating e.m.f.

The alternating current generator consists of an armafure
made up of several turns of insulated wire would on a soft
iron core. The armafure revolves freely on an axis between
the poles of a powerful magnet which provides a strong
magnetic field. Two slip rings are connected to the ends oi
the armature and two carbon brushes rest on the slip rings as
shown in Figure 2.25.

[]
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Figure 2.25 A sirnple a'c generator

When the coil is vertical, no cutting of magnetic lines of

force takes place although the number of lines linking the

coils is rnaximum.

The rate of change ol magnetic flr-x is zero and as a result'

no e.m.f is induced in the coil as shorvt-t ir"r Figurre 2'26'

Figure 2.2& Coilvertical no' e'm'f induced

When the armature is parallel to the magnetic tleld' the rate

of change of magnetic flux is maximum and the motion of

the coills p.rp.ndi..tlar to the magnetic fleld hence an e'm'f

is induced along the sides of the coil as shou'n in Figure

2.21.

Figure 2.27 Coilhorizontal: maximum e'm'f induced
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After a 1800 turn, starting from the vertical position, the

sides of the loop interchange and the current in the loop is

reversed. This means that the e.m.f is positive for one half of

the cycle and negative for the other half'

The maximum induced e.m.f is at 900 rotations from the

vertical position and the minimum (maximum negative) is at

2700 roiation. If there is an external circuit, the current

through it would also have a maximum value at 90 as in

Figne2.28.

Figure 2.28: Stages of a'c generator

Minimum at27Oo, the kind of current obtained is called an

alienating current and the corresponding voltage (e'm'f) is

the alternating voltage.

The number of cycles produced per second is called

frequency of the a.c. The alternating current obtained is led

to an exiemal circuit through the slip rings and the carbon

brushes.

ii. D.C Generator (DYnamo)

Dear learner, a d.c generator is made by replacing the slip

rings in the a.c generator with a commutator. Each half of
thJcommutator iing is called a commutator segment and is

insulated from the other half. Each end of the rotating loop

of wire is connected to a commutator segment. Two carbon

brushes connected to the outside circuit rest against the

rotating commutator.

In d.c generator, the commutator rotates with loop of wire

just as the slip rings do with the rotor of afi a'c generator'

I
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Figure 2.29 shows a simple d'c generator

Figure 2'29: A d'c generator

When the loop is rotated in the magtretic field' the induced

e.m.f is still in alternating tbrm' Hon'ever' afler rotation of

1 800 instead of the .o.,.it reversing' the connections to the

external current are reversed so that the current direction in

the erternal circuit remains the same' The outpr-rt of a d'c

generator is shown in Figure 2'30'

Figure 2'30: Output of d'c generator

Dear learner, note that the lorver haif-cycle is not curlt-otf but

it is reversed.

Advantages of A.C Generator

The fbllorving are some advantages of a'c generators ovcr

d.c generators:

1. Commutators are conrplex and costly to coilslrllct. hence

many d.c generators are being replaced by the a'c

generators rvith electronic rectifi ers'

2. Transtbrrners work on a'c only' Transfbrrners help in

conservation of electric power during transmission by

allowing it to be stepped up, then dorvn'
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3. Frequency of a.c generator is very precisely controlled
hence we can have motor u,ith accurate speed. Such
those motors used in electric clocks, tape recorders and
so on.

Dear learner, the magnitude of the e.m.f in generator can be
made large by:

1. Using coil of large number of turns.

2. Winding coil on soft iron core to maximize magnetic
flux.

3. Increasing the speed of rotation of coil.

-+. Using strong magnets fol the strong magnetic fields.

Dear learner, I hope you have understood about generators
Now, do the following activity 7.

Activity 7

1. What structural differences are there between d.c and
a.c -eenerator'/

2. What are the purposes of:

(a) The armature;

(b) Brushes;

(c) Accumulator of a d.c generator.

3. Explain briefly how the magnitude of e.m.f induced in
a.c generator can be improved.

4. List four devices in which the generators are used in
daily life.
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The Transformer

Dear learner, let us proceed with another part of this unit
which is about transformers. Do you know what the use of
transformers is? If no relax! We are going to discuss it very
well. You are welcome.

TrunsJbrmer is a device vlhic:h changes att olternating
vctltage .from one value lo anolher o.l' greoter or smaller
value using mutual induclion.

A transformer is made up of two coils each with a different
number of loops, linked by an iron core so that the magnetic
flux from one passes through to the other. When the flux
generated by one coil changes (as it does continuous in an
a.c power source) the flux passing through the other will
change, inducing a voltage in the second coil.

In a standard transformer, the two coils are usually wrapped
around the same iron core ensuring that the magnetic flux is
the same through both coils. The coil that provides the flux,
that is the coil connected to the a.c power source, is known
as the primary coil. The coil in which the voltage is induced
is known as the secondary coil.

When the number of turns in the secondary coil Q.{s) is
higher than the number of turns, in primary coil Q.{p), the
secondary voltage will be higher than the primary voltage.
This is called a step up transformer. Figure 2.31 shows the
step-up transformer.

lr** **r*t{

Prim*ry

{t*p*t}
usilusit
Sec*ndary

{sutp*t}

Figure 2.31: A step-up transformer
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When the number of turns in the secondary coil is less than
those in the primary coil, the primary voltage is greater than
the secondary voltage.

This is known as a step-down transformer. Figure 2.32
shows the step-down transformer.

Soll lron Core

Friaea.? l.146di$* S*{*fiSq9} wisdies

Figure 2.32: A step-down transformer

The Transformer Equation
Dear leamer, rve have already seen that the e.m.f induced in
a coil depends on the number of turns in the coil. In fact it
can be shorvn that the e.m.f is directly propofiional to the
number of- turns. In transformer all the magnetic flux in the
primary coil links the secondary coil (ideal situation).
The primary p.d (Vp) is connected to the primary coil of
turn (Np) while the secondary pd (Vs) is taken from the
secondary coil of turn (Ns).

Therefore, V, a l{ o and V, a 1/, this means that:

]t{,, 
=Vn1y', V,

Assuming that the loss of power in the transformer is
negligible, the power in the primary coil is equal to the
power in the secondary coil i.e.

I ,Vo = I,V,

Where lrandl" are the primary and secondary currents
respectively.
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Therefore.

This equation shows that, when the voltage in transformer is

stepped up, the current is stepped dorvn and vice versa'

Transformer EfficiencY (')
Dearlearner,transfbrmeref]-rcier-rc1(;)isthelrtitrolpower
in secondary coil (Ps) to poset' in ptirn:itr coiis (Pp)

expressed as Percentage.

E/ficienc1'(e):&x100%
,l

But p=tr

"='"n" 
xloo%

I uvo

Dear learner, I hope you have understood u'ell about

transfbrrner. Now, let us do some examples'

Vr 
-No -1,v, N. io

1{,,
t',.\. [t"000

- t' 240V

Example I
A transfbrmer is used to step dor,vn 240V n'rains supply to

12V for laboratory use. If the primary coii has 600 turns'

determine the number of turns in the secondary coil'

Solution;
Given;
Primaly voltage (VP): 240V

Seconclary voltage (Vs) : l2V
Number of turns in PrimarY (NP): 600

Number of turns in secondary Os) is calcr-rlated tiom a

',\-, r,

N4ake Ns the sr-rbject and substitute the vahies'
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Example 2

A step iip transfbrmer has 10,000 turns in the secondary coil

and i00 turns through the primary coil. An alternating

current of 5.0A f'lorvs in the primary circuit u,hen connected

to a l20V a.c supPlY.

a) Calculate the voltage across the secondary coil'

bj If the transforrner has an efficiency of 90%, what is the

current in the secondarY coil'?

Solution:
Given;
Number of turns in secondary (Ns) : 10,000

Nurlber of turns in primary (Np) : 100

Current in prirnary coil (lP) :5.0A
Voltage in prirnary (VP) - 12V

lafVottage in secondary (Vs) is calculated fiom

transformer equation +=+. Make Vs the subject
lY. /,

and substitute the values, we have:

N, xL, 10000x1211
-t200v

100
V,

1/
P

(b)Cument in secondary coil is calculated frorn the

formula I -P''r"
But power in secondary (Ps) is obtained from the

formula

e :Lx1O0,/"
P,,

P, = I rx I/p =5.0 Ax12.0V =60W

Then,

and power in Pnmary ls

90
P":exPp= x60W -54W

100

Therefore,
P 54TT

" v, 1200v

114

rl

I



Module 4 ffi,

Uses of a Transformer
Dear learner. transformers are used in po\\'er stations to step

up voltage for transmission from the station to the area of

consumption. The stepping up reduces the current so that

losses due to re sistance in the transmitting wires are

re<luced. Transformers are used ir, television sets, radios,

telephones ancl laboratories to obtain a l2 volt supply on

benches. A bell transfbrmer can be used to ring electric

bells. It steps dorvn the 230V a.c mains supply to 4 V'

Dear learner, I hope you have r-rnderstood well abor-rt

transformers. Now, do the fbllowing Activity 8'

Activity 8

1. Figure 2.33 shorvs a coil in a magnetic field' The coil

is rotated in direction show'n by the arrow'

Figure 2.332 A.coil in magnetic field

a) Name the parts labelled X and Y'

b) The terminals P and Q are connected to C'R'O' sketch

the graph of the electromotive force (e'm f) produced

against time.

c) State two factors that affect the magnitude of the

e.m.f.

f(
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d) Erplain the changes that should be made in the a.c

generator to produce a direct current.

2. Does transformer step up (a) Power? (b) Energy'?

What law governs these transformations?

Power Loses in Transformers

Dear learner, fbr ideal transfbrmers, energy conserved and

transtbrmer is 100% efliciency. [n practice, it is impossible;

hence there are power losses rvhich do not allow efticiency

of 100%. The losses of power in transfbrmers may be due to

the following f-actors:

1. Resistance of coils (copper losses).

2. Eddy currents (iron losses).

3. Leakage of'rnagnetic fields (magnetic losses).

.+. Hysteresis energy losses in soft iron (Hysteresis losses)

which is the energy wasted due to magnetizing and

demagnetizing of iron core.

You have come to the end of this unit.

1. What are the interesting things that you have learnt?

2. Where and how can you apply them in your daily

life? and

3. What are the difficult areas you have encountered?

s
I
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Unit Assignment
After completing reading this Unit' do the following

q.r"r,ior-r., and keep your work in your po(folio'

t. What happens to current carrying conductor when

placed in a magnetic tleld?

2. A magnetic compass shows a deflection when placed

near a current - carrying wire' Hou'u'ill the deflection

of the compass get affected if the current in the wire is

increased.]Givereasons.Supportyouranswerwitha

reason.

3. Sketch magnetic lines of a force for current carrying

solenoid.

4. Strength of a magnetic lield of a current carrying

solenoid can be affected by r arious t-actors' E'xplain

them.

5. State two laws that detertnine the directior"r of the

magnetic field for a straight conductor' State them'

6.ACurrentof0'6,4ispassedthror"rghaSteptlp
transtbrmer with primary coil of 200 turns' Current of

0.1A is obtained in secondary coil' Find the:

(i)Number of secondary turns'

(ii) Secondary voltage if primary voltagc is 240\r

mains'

7. Draw the diagram of a simple transfbrtrer and then

explain the principte on which the transtornrer rvorks'

8. Describe briefly the apparatus you uoltld use to

enable the output of a l2V a'c generator to sir!- 3n a'c

suPPtY of 240V'

trn\J
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9. Describe briefly one practical application of' an

induction coil.
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Unit 3

Describing Elementary AstronomY

lntroduction

Learning Outcomes

Dear learner. welcome to Unit 3 of this Module' In

thisUnit, you learn about the universe and all hearenly

bodies which include stars, planets. moons and others' ln

this Unit. you Iearn introductiorl to astt'otlotly" soiar

system, constellations, the Earth and the moon' Tiris $'ill

help yon to understand and knolr' diffbrent things fbund

in the universe ancl their properties' I l-rope you will enjoy

leaming this Unit.

Upon completion of this Unit, yotl u ill be ablc to:

' explain the concept and importance ol astronomy

in evelyday lif'e;

' distinguish between a star and a planet;

' explain the force of gravitation which maintains

celestial orbits;

' explain the concept of constellatioris. identiiy

constellations and their uses in everyday lif-e:

. describe the surface f-eatures and temperatLrre of the

moon and explain the causes of ocean tides'

@
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I ntrod uction to Astronomy
Dear learner, the u,'ord astronomy is derived fiom the
Greek u ord "a,srran" meaning ",star" and nomos meaning
"/art'"s or culhu'es." The literal meaning of the word
aslronom), therefbre is "/au, o./'the stars."

Astrononty is the branch of sc'ience that deals with study

of the origin, evolution, r'ontposition, distance and the

motion o/'all bodies (objects) and scattered motter in the

ttniverse.

The universe is the totality of space and time together
rl'ith matter and energy. People who are involved in
astronom-v are known as astronomers. Astronomers study
the objects that compose the physical universe: stars,
planets. 1loo11. gala-xies and nebulae.

Astronomy is one of tlie oldest fields of science. Early
astronomy involr,ed observing the regular patterns of the
motions of visible celestial objects, especially the Sun,
moon, stars and planets with the naked eye. An example
of astronomv \\'as the study of the changing position of
the Sun along the horizon or the changing appearances of
st:rrs in the course of the year. These were used to
establish a-qricultr-rral and ritual calendars.

lmportance of Astronomy to Man Kind

Astronomy has been an important tool for thousands of
years. The following are some ways in which astronomy
is imporlant:

i. It was the earliest method of measuring tirne. A day
was the duration between Sunrise and Sunset while a

month was derived from phases of- the moon. The
year was derived from the changing position of Sun
rise.

l1 It was used to develop calendars that made it possible
to predict the seasons. The seasons were very
important in agriculture as they detect the planting
time and the harvesting time.
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iii. It was used in both land and sea navigation based on

the knowleag" J if-tt position of the Sr-rn during the

daY and the stars at night'

iv. Today astronomy helps us to understand u'here the

E,arth and the life it sr'rpports ortgtnateci ti'iitr atrd how

it evolved.

v. Astronomv presents a ne\\' tiontier for erplrrt'ititrtr'

The Solar SYstem
The solar s)'stem consists of the Srttt sttrroturded by

planets, cornets una u'"tl'oicls ir-r orbit' Most planets in the

solar systerl hal'e lroolls in orbit around them'

The solar system is made up of the Sun and the celestial

objects bound t" ilf'v gt*i'y' Thttt obiects include the

eight planets and their known moons and billions of small

bodies that incluJe asteroids' colrets' lneleoloids and

int.rptun"t"ry dust as shown in Figure 3 ' 1 '

Figure 3'1: Solar s-Ystem

Dear learner. let us learn about components of solar

system (stars, planets, asteroids' meteoroids' comets' and

interplanetary dust.1' 
'itt 

" 'iutt 
looking at stars and

;1;;;t and tire differences between them'

S*tA& SYSTHM v
\

*
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1. A Star

A star is a large celestial body made up oJ' hot gases
kno:nt ct.s plasma.

Plasma refers to an ionised gas in which a certain
proportion of electrons are free rather than bound to an
atom or molecule.

Stars radiate energy derived from the thermonuclear
reactions in the interior region. The Sun is a large star and
is also the closest star to the Earth at a mean distance of
149.60 million kilometres.

This distance is known as the astronomical unit (AU) and
it is used to measure distances across the solar system (1
AU: 149.60 million km).

Cnra

figure 3.2: Structure ofthe Sun

A giant collection of stars, gas and dust is called a galaxy.
Most stars in the universe are in the galaxies. Nearly all
of the stars visible in the night sky are within our own
galaxy which is called MilW Way galaxy.

2. Planets

A plunet is a celestial body moving in an elliptical orbit
round a star.
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It is a major (large) object rvhich is in orbit arolirlcl a star.

They are held in orbit by the gravitational ptrll olthe Sr-rn.

The planets take different amounts ol tinle to go aroltnd

the Sun. A single orbit is called the planet's rear atld tire

further out a planet is, the longel its 1'ear takes. The obits

of the planets in the solar systetn are altro't circr-tlar r'vith

the Sun near the centre.

There are eight planets rvhich are Mercltrr . \'etlLts. Earth.

Mars, Jupiter, Saturn, Uranus atld \eptLtlle. The

fbllowing are the three defining characteristics of a

planet:

i. It is a celestial body that orbits a star.

ii. lt is massive enough so that its ou tr grar ity catlses

it to assurne a spherical shape.

iii. It has cleared the nei-ehboitrhood objects al'ound

its orbit.

Dear leatler, Pluto resides in an area ol space poptrlated

by numerous other objects. It is no longel considered a

planet. Pluto is nor,v designated a drvarf'p1anet.

A dvnarf planet does not meet the third characteristic such

that has not cleared the neighbourhood arottnd its orbit.

Dear learner, the following are differences betr'veen stars

and planets in Table 3.1

Table 3.1: Diff'erence between Stars and Planets

Stars Planets

Emit their ou,n light Do not emit the ir orvn light

Trvinkle at night Do not twinkle at night

Appear to be moving
tiom East to West

Planets move around the

Sun fi'om West to East

Their temperatures are

ursually very high
Their tempetatures depend

on their distances from the
Sun
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Countless in nurnber They are eight in the solar
system.

Very big in size but they
appear srlall because
they are very f-ar away

Very smalI in size as

compared to stars

Are in gaseous form Are in solid form

3. Asteroids

Asteroids are comprised of rocks and metals and are

smaller than planets. Most of them are found in "asteroid
belt," in orbit around the Sun betu,een Mars and Jupiter.
Asteroids can crash into each other. When they do, they
rnar break apart and their orbit may change as seen in
Figure 3.3.

Figure 3.3: Asteroid

The orbits of some asteroids cross the Earth's orbit. At
various time during the Earth's history, asteroids have hit
the Earth.

When this happened, a tremendous amount of energy was
released, throwing up billions of tonnes of dust. This
huge dust cloud block heat and light from the Sun,
making the Earth very cold.

4. Meteors and Meteorites

Meteors are asteroids which enter the Earth's atmosphere
and burn completely before reaching the Earth's surface.
They are also called shouting stars as seen in Figure 3.4.
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Figure 3.;l: Meteors

Metcorites are r-neteors that sun,ir,e the passage through
the Earth and reach the ground. A meteorite is a piece of
rock or metal that has fallen to the Earth's surface from
outer space as a meteor.

5. Comets
Comets are balls of ice and dust in orbit around the Sun.
The orbits of comets are djfferent fiom those of planets,
they are elliptical. A comet's orbit takes it vely close to
the Sun and then far away again. The time to contplete an
orbit varies. Some comets take a fer,v years, u,hile others
take millions to orbit as seen in F igure 3.5

Figure 3.5: Comets

Comets are often visible fi'om the Earth when they get
close to the Sun, because the Sun's heat vaporises
material frorn their surface. and this vapour fbrrns a tail
which always points away fiom the Sun.
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Satellite

A satellite is anything that orbits a celestial body (star,

planet, and moon).

There are tr,vo types of satellites which are:

i. Natural satellites sucli as the moon is a natural
satellite of the Earth.

ii. Artificial satellites (man-made satellites) for example
communications satellite.

Force that Maintains Celestial Bodies in their Orbits

Dear leamer^ do you knou,' the fbrce that maintains all
celestial bodies in their orbit'? Can you mention the name
of' that force? If you don't know just relax but if you
know relate with the following. Relate your answers rvith
what is discussed below:

The force that maintains celestial bodies in their orbits is
called gravitation .force.

Gravitation force is the attractive Jbrce eristing between

cutv tv'o objects thal have mass.

It pulls objects together and acts on all matter on the
universe, hence it is sometimes referred to as universal
gravitation.

Since gravitational force acts on all matter in the universe
from the largest stars to the smallest atoms, it is often
called so (universal gravitation). Sir Isaac Newton was
the f,rrst person to fully recognise that the force holding an
object to the Earth is the same as the force holding the
moon, the planet and other heavenly bodies in their
orbits. According to Newton's law of universal
gravitation, "every single point mass attracts every other
point mass by a force directed along the line joining the
two masses."

I
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l{ewton's law of universal gravitcrtiott states tltat "any

huo bodies in lhe nniverse attract ettclt r_ttir.,t..,tirlt ct fbrc:e

that is directLy proportional to tlte pi'ttrltti'r o.l' lheir
mosses and inversel- proporliottol to tlr.' stlttttt'e o./'the

d i s tance b eht,een t hem.

That is:

_ G\t,l,t.t--''

Where F : Magnitude of the attractive tbrce betq ectr the
trn o ptlirrt rnasses

G : Universal gravitation constartt

Mr: Mass of the flrst point mass

M: : Mass of the second point ntass

r: Distance between the centres of the two point
111ASSES

Force of Gravity

This is the gravitational lbrce that attracts a body towards
the centre of the Earth. It is the fbrce that holds us on the

ground and causes objects to fall back to the ground atfer
being thrown up in the air.

The further yoLr move away from the centre of the Earth,

the u,eaker the force becctmes. This is why the astronaut
in space can f-loat without falling because the

gravitational fbrce is almost zero in the outer space.

But if astronaut goes in the outer space, he/she needs a

space suit. This special suit is irnportant because it is Lrsed

to:

i. Protect his body fiom low pressure.
ii. Supply astronaut with oxygen to breath;
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l1r

ir.,

Supply water to drink during space walks;
Protect his/her body fiom being injured from
irnpact of small bits of space dust;
Protect the astronaut frorn cold and dangerous
radiations.

v

Now try to do the followi ng activity I to assess vour
understanding

Activity I

1. Write seven properties of moon.
2. Briefly explain how astronomy gave rise to the 12

months of the year.
l. Nanre trvo objects in space r.l,hich are the Earth,s

nc'creSt nei_ghbour.

j _Ho" do the planets stay in orbit around the Sunl
-;. \\-hat rs the hottest planet in our solar system,/.r \\'hy is Pluto not a planet as it used to be?

Constellations

Dear learner,

.4 constellation is, o smoll group o/.very bright stars
tltot .lorttt.s a de.finite shape or pattern when viewecl

./i'om the Earth.

The patterns formed are likened to have familiar objects
gl the Earth e.g. people, animals mythologicuf 

"fru.uJt".r,things and so on as a way of rememtering stars.

The motion of the Earth around the Sun causes positionof constellations to change for an observer of a given
place on the Earth. Some are visible in a particurar periodof the year while 

.others are brightest in a p#i."fu,month. Figure 3.6 shows ,o*J definite .tup", oiconstellations.

I
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Figure 3.6: Some definite shaPes of constel lations

There are about 88 knonn constellations. Sotle eramples

of known constellations are shown in the Figure 3'7'

Figure 3.7: Common constellations

Llses of Constellations

Dear leaner. let us cliscuss the applications of the

constellations in our daitY 1ife.

l. Religious

People in early days thought that the gods lived in the

heavens and that the gods crated the constellations' Many

cultures believed that the positions of stars lvere their

god's way of telling stories. lndeed, the Greek named the

fonstellaiions after their mythological heroes and

legends. For example to the ancient Creeks, Orion was a

griat hunter. He was the son of Neptune (god of the sea)'
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Befbre there were
d e term i n i n g ;;; i::: ;: :': il:ffi. i :Thi ti,,i J3,il,Constellations made the p"U"rrr' 

"f stars easy toremember. The ancjent people knew For example, thatwhen the constellation o.io, ,t;;;;; a be futly visible,winter was coming soon. The constellations allowedfarmers to plan ahead.

3. Navigation

This allowed for ships to travel across the globe. Itallowed the Orr.or:r. 
.g., Americl, the spread ofE uropean cultures and civ ilizati.;; 

-;;;. 
ur",^;t, i ?"orrlNar ig.ation herped traverlers to determine the direction oftheir destinations by locating r;il;;;* constellations.

Dear learner. I hope you have understood aboutconsteilarions, now dothe iottowingl cirity 2:

2. Agriculture

.\ctiyit\. 2

*

The Earth and the Moon

Under the supervision of your facilitator, Form a group offir'e students and draw any five constettu,ior. on a manilapaper.

Dear learner, the Earth and its moon form a unique pair inthe solar system. Consider Fid;J.i."^'

Figure 3.7: The Earth and moon

j.33f,;1.o.1Il:." 'ffi
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The moon of the Earth is the sirth largest in the solar
system. [t has a diarneter of 3476 ktn and mass of 7"35 x
1012 kg. Besides the Earth. the moon is the only other
body in the solar systern upon u,hich human kind walked.
Like the Earth, the moon has an lron core surroundecl by
a rocky mantie and crust. Untike the Earth. no part of the
moon's Iron core is molten so it doesn't have a magnetic
field. Sr,rrface gravity on tire rroo, is about ll6 that on the
Earth. An object weighing 60kg on the Earth would only
weigh l0kg on the moon. The moon revolves in an
anticlockwise directron around the Earth in a, elliptical
orbit. The rnoon orbit is tilted at 5i) reiative to Earth,s
orbit around the Sun.

The distance between the Earth and the moon varies liom
nearest the Ealth (perigee) u,here it is 356,000km to the
furthest from the Earth (apogee) where it is 406,000km.
The average distance is 38.1.000km. It takes the moon
27.3 Eartirs' dav to complete one orbit. a period of time
called llte siclereal monrh. TIre moon also rotates about its
axrs at a rate equal to its rate of revolution. In other
lvords, while the moon is completing one orbit around the
Earth, it also spins. T'he result is that the same side of the
moon is always facing the Earth. The side facing the
Earth is called the near slde while the sicle that faces
away is called the /'ar side.

The spinning of the Earth causes the rnoon to rise and set
each day just like the SLrn. Hou,er.er. because of the rroolr
orbital motion around the Eartlr. it rises about 50 rninr-rtes
a day. As a result, the moon can be seen at different titnes
of the day and night during a month. Temperatures on the
surface of the lroon are on average I 070C during the day
and -530C during the night.

Surface Features of the Moon

131

Module 4

l,



1

ffi- Unit 3: Describing Elementary Astronomy

Do you knorv what contains the surface ol the ntoon'l Let
us discuss together as follows:

There are two primary types of terrain/feattires on the
moon; these are the heavily cratered very cold /ztiru.
highlands and relatively smooth and younger lt[ut-ict.

From the Earth, the moon's surface appears to have bright
and dark regions when viewed with unaided eye. The
bright areas are the lunar highlands that have rranv
creators and are covered with a highly ref-lective ia1,er of
five dusts. The highlands are geologically the oldest parts
of the moon's surface. The dark regions are lor,r. areas
similar to ocean basins on the Eafih. They are fllled u'ith
dark soiidified lava and are fbwer creatures tlran tlte
highlands. Galileo called these areas A,[aria, the ]talian
word for seas, because their dark smooth surtbces
appeared to be large bodies of u,ater as shown in Figure
3.8.

Figure 3.8: Photography of the moon's surface
showing highlands and Maria

The Maria, which makes about 16% of the n-ioon's
surface, are huge impact craters that r.lere later flooded
with molten lava. Most of Maria is covered $ith regolith.
a mixture of fine dusts and rocky debris produced br
meteor impact.

Ocean Tides

Dear leaner, I hope you are competent nou about the
moon. Let us discuss about ocean tides. Har e vou e\.er
visited any lake/ocean shores'l Do volr knou. u'hy
sometimes the level of u,ater rises and talll, Answers to
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these questions will be obtained in the discussion below

about ocean tides

Tides

Tides are periodic rises and .fatls af large l:odies oJ'

water,

tides.

How Tides Occur

Dear learner, let us now discuss about how tides occurs

Tides occutr due to the gravitational attraction of the

rroon causing the oceans to br.rlge out in the direction of
the moon. Another bulge occul's on the opposite side

since the Earth is also being pulled towards the moon

(and away from the water on the far side)' An Ocean level

fluctuates daily as the Sun, moon and the Earth interacts.

As the moon travels around the Earth, and as they travel

together around the Sutt, the combined gravrtatronal

forces cause the world ocean u'ater leveis to rise and fall'

Since the Earth is rotating while this is happening, two

tides occur each day. Refer Figure 3'9'

133

Tides are caused by the gravitational interaction between

the Earth and the moon. The Earth and the moon are

attracted to each other, just like magnets are attracted to

each other. The rloon tries to pull at anything on the

Earth to bring it closer. But the Earth is able to hold onto

everything except water. Since water is always moving'

the Earthiannot hold onto it and the moon is able to pull

at it. This results in the ocean tides. Each day there are

two high tides and tu'o low tides.

The ocean is constantly moving frorn high tide to low

ticle. and then back to high tide. There is a time interval of

about 12 hours and 25 minutes between the two high
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Figure 3.9: Ocean tides

Types of Tides

Dear leamer, there are two main types of tides, which are:

i. Spring tides.

ii. Neap tides.

i. Spring Tides

Spring tides occur during the full moon and the new
Soon: During this time, the Earth, the Sun and moon arein a 

_line. The gravitational forces of the moon and the
Sun both contribute to the tides. There are times the high
tides are very high and the low tides are very low. These
are known as a spring high ticte and a spring lov. tide,respectively. Spring tides are especially sting tides.
Consider Figure 3.10.

Figure 3.10: Spring tides

Proxigean spring tide is a rare unusuaily hi-eh tide. Theproxigean spring tide occurs when the moon is bothunusually close to the Earth (proxigee) and in the neu,
moon phase (when the moon is Uetrieen the Sun and theEarth); it occurs at most every 1.5 years as shou,n inFigure 3.1 1.
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Figure 3.11: A proxigean spring tide

ii. Neap Tides

Dear learner, neap tide occuts uhetl the Sun and the

moon are not aligned, the gral'itatiorlal iorce cancels each

other out and the tides are not YerV high trl r ery ior'v.

These are called neap tides as shouu rn FigLrre 3 12'

Figure 3.12: NeaP tides

The neap tides occur during quarter moon' During this

time, the gravitational tbrces of the mooll and the Sun are

perpendicLrlar to one another (lvitir respect to the Earth)'

ihi, .ur.., the bulges to cancel each other' The result is

srnaller diff-erences between high and lor'v tide and is

known as a neap tide. Neap ticles are especiall-v weak

ticles.
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Dear learner, I hope you have understood very well about
ocean tides. Now, do the following activity 3.

Activity 3

l. (a) Explain two types of tides.

(b) With the aid of diagram, describe how ocean tides
are tbrmed.

2. Is Leo a galaxy or a constellation? Give reason(s) to
your answer.

Dear leamer, make reflection on the follow-ing exercise to
check if you understood the unit.

1. Do you think what yor-r learnt in this unit is impoftant
to r ou'.)

l. \\.hrch part of the Unit did you find most importanr
and why?

3. Did you face any challenges when studying this unit?
Ifyes, how did you solve those challenges?

4. What should be done to improve this unit?

Unit Reflections
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Unit Assignment

U
*

Dear learner, you have completed sturlrine Lnit 3. Nou,,
do the following assignment. N{ak.. surc \ Ou put your
u orl< in your portl'olio.

1 . State tl,e reasons u.hy an astronarlt ir-r space :

a) Needs a special space sr-rit to pre\ ent blood from
boiling.

b) Can float w-ithoLrt tal1ing.

c)Uses smalljets of gas in his,'her mo\jernents instead
of swin, rning like a tlsh in r,r,'ater.

2. Can lrumans breath in space as they can on Earth?
(give reason).

3. Which planets in the solar svstem:

a) Har,e satellites'l

b) ls fhmoLrs fbr its big red spctt on it

c) ls f'amous fbr the beautifiti nngs that surround it.

4. a) Why a day and a year on the moon has the same
length /

b) Why does the rloon change its shapes as the
month progresses?

5. a) Explain why orion is a constellation.

b) Explain the three (3) uses of the constellations.

6. a) What is an ocean tide? Erplain hou. ocean tides
occur?

(b) Give the difl-erences betu,een a spring and a neap
tides.
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Desc ribing Geophysics

lntroduction

Learning Outcomes

Dear leamer, in the previous Unit, you learnt aboutelementary astronomy. In this ,rii,'r", study about the
,U-i::l 

Or, usirg phJ/qics concept. The study focr_rses onlntenol.structure of the Earth ancl its composition as wellas the structure and composition of-atrnosphere.
We also study about things which happen in the Earlh fbrexalnple Earlh q,ak. und rnt.r,,o.l."greenhorrse ellbctand global u arrnirrg.

Dear learner, yoll have realized that this Unit comprises alot o,f geography concepts. The Ur_rit is known asGeophysics

Geophy,szcs zs the branch of.science tltal ts concernedwith the physical, chemical, geo lr,t gi ca l, as tntnont ic o I an clother characterislic properti es c2/' the E arth.

@
Upo, completion of this unit, you will be able to:

' Describe the st
layers of the uun;:t"tt 

and composition of the

. Explain the irnportance of the layers of the Earth;
' Explain the origin_of volcanoes and Earlh quakeand describe the eftbct, of uof.rno.r,

Descrjbe the principle
Earthquake and iOentify
Earthquake hazards;

t of measurement of
precautions against

I

Describe the vertical structure and composition ofthe. atmosphere and .rpfuin ,f. i.p""ance ofvarious layers of the atmosphere; '
Explain the greenhouse effect and identify itssources;
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Explain the occurrence ol _elobal u aming and state
its consequences.

Structure and Composition of the Earth

Deal learner. we have discLrssccl that in Ceophysics lve
study the E,arth's properties b1' Lrsing the knowledge of
Physics. We live on the surface ol the Earth where rve
conduct various activities such trs mutin". agricultural
activities, constructions of roads and construction of
buildings. It is therefbre important to studl, the structure
and composition of'the Ear-th.

Therefbre, when r,ve say structure of the Earth, \\,e ffrean
the layers of the Earlir fiorn the outermost part tou,ards
the Earth's innermost pafi.

The structure of the Earth is composed of three major
zones arranged in concentric mamrer. These are crust,
mantle and the core as sholr,n in Figure 4.

-*:t
ErX

Figure 4.1: Interior structure ofthe Earth

Dear leamer, rve need to discuss each part of'these three;
crust. mantle and core in ternts of its thickness and
composition.

u) The Crust

This is the outer solid layer of the Earth. It is ertremely
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thin (about 5 to l5km) compared to radius of the Earth(about 6371 km).

There are.t\^o types ol.cftlsts. rralnely: continental crllsland oceanic crust.

i. Continental Crust
It is heterogeneous crust with low density about 2 _2.8. tonnes per cubic ;;;. 'fr"r".V_rl. 

It ismainly composed uy g.uniier'u]rj'"r"aimentary
rocks. Land mass and Lountui*^t" located atcontinental crust. It is 30 to ZOf.*tfri.f..

This is basaltic crust with high density about 3 _
1,1 

topes per cubic ..t 
" ii-o'nn"rzmr). Ir is about8km thick.

Both the continental and the oceanic crusts float on thedenser mantle because of their towl, densities. Thecontinental crust floats on the *urti. u, frigt.. elevation,forming the land masses and mountains.

11. Oceanic Crust

&ritifrrr*t*t fre$*t
*****{e era*st

Figure 4.2: Conhnental and oceanic crusts

The boundary between the crust and the mantle is calledMo hor ov iczc discontin 
"irv "i' 

J^iii d nr.

Note

b) The Mantle
The mantle is the zone between the core and the crust.It begins from the mot o ura 

"*t;;il;;;ooroximatety2,e00km below the 
lartf bF;f"*;rl it, bourdury

;J:,#H*arth,s 
core which i. 

"uria ti. cut.ru..g

a

I
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& Note

Gtienberg discontinuiry is the boLtnrlatl betrveen the

mantle and core of-the Earth.

t Ilt..L,s.

Figure 4.3: Shows the structure of mantle.

The rnantle contains about ljoh of the Earth's mass. The
mantle is composed of plastic locks (both in solid and

rnolten states).

The r-rpper- surface of the ntantle has the tct-nperature ol
about 870oC. and this ternperature increases downwards
through the mantle to about 2,2U0"C near the core. This
steady increase of temperature with depth is known as the
geothermal grudient.

Circulation of materials in the mantle is the main
mechanism of heat transfer fi'om the core of the Earth to
the outer regions of the Earth. lt is the main force that
drives the movernent of continents as rvell as volcanism
and Earthquakes.

c) The Core
This is the innermost part of the Earth. It cxtends fron'r the
Gutenberg discontinuity to the E,arth's geontetric centre.

It consists of two distinct regions lr,hich are the outer core
and inner core as show-n in Figr.rre .1.,1.

F
-*i-rd
- s*r&'

fr*SG
f
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Figure 4.4: The outer and inner core of the Earth

i. Outer Core
The outer core is the second largest layer and is
composed of liquid of molten nickel and iron known as

Magma.It is about 2200kr\ thick. The Magma sur:rounds
the inner core and creates the Earth's Magnetic field.

ii. Inner Core

The inner core is the hottest pafi of the Earth. Its surface
temperature is estimated to be approximately 5700K
(about 5430 0C) which is as hot as the surface of the Sun.
lt is made of solid Iron and Nickel that is under so much
pressure thus cannot melt.

lt is 1200km thick (radir.rs) and heavy radioactivities
elements within the core generate the intense heat as they
decay.

Inner core is solid even though its temperature is higher
than the outer cure.

Tectonic Plates

Dear learner, as we have discussed in this parl of the unit
that. the crust continental and oceanic float on mantle, the
Earth's crust cracked into huge pieces called tectonic
plates.

Tectontc plates are the huge pieces of'cracked Earth's
crust and mantle parts which float over semi-molten
rock.
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They are also called lithospheric p1ate. Thel'nove about
very slow speed. The movements ol tectonic plates mean

that some continents are moling i|afi and sotrte are

moving towards each other. This process rs ref'erred as

continental drift.

Continental drift has gorn-u on tbr sonre hundreds of
millions of yeals. Tectonic rro\ enrelrts have split the
continents as the,v eust toclal. Frelrre J.,i shows the
Earth's tectonic piates.

l.;rr!t

irlotrr i.q*ii,

[:.c:or

Itdlqr

fh,'iFrrE

PBE

pld*

Fq:c

Ficle
tnibb.q!1

;;er dc lurq

Fislf
Fl6c

{rafi! olala

Fol{ir piore

il'rl

iidr'6sraoJ6A
*ia!a

Figure 4.5: The Earth's tectonic plate

Tectonic Boundaries

The tectonic boundarv is the line where hvo tec:tortic

plales meet.

There are three main types ol boundaries. namely:
destructive. constructive and conser\ atir e boundaries.

These three boundaries are explained belou':

1. DestructiveBoundorv
This is the one fbund at the edges ol tu.o plates moving
towards each other. lt is also knou'n as convergent
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boundary as shown in Figure 4.6

Figure 4.6: Destructive boundary

2. ConslructiveBoundart,
This is fbrmed at the edges of two plates rnoving away
fiom each other. It is also known as divergent boundary
as shou,,n in Figure 4.7.

Figure 4.7: Constructive boundary

3. ConservativeBoundaries

These are formed when two plates slide past each other
without moving apart or towards each other as shown in
Figure 4.8

Figure 4.8: Conservative boundaries
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lmportance of the Layers of the Earth

fr

Dear learner, think of how the layers of the Earth are
important to us. Share with your fi'iend and then we rvill
discuss together:

(i) They supporl life, due to abundance of Oxygen.
For erample. crlrst supports lit-e to living
organisms u hich uses Orvsen present in it fbr
their sun ir al.

(ii)It is the place ri'here \\'e do our day to duy
activities. For erample. on the Earth tve do our
agricultural activities and mining on the crust.

Activity I
Answer the following questions:

l. Dlar,v a cross section of the Eafih's interior region
and on it show:

(a) The crust

(bt The mantle

(c) The olrter core

(d) The inner core

2. Explain the usefllness of the layers of the Earth.

3. Briefly explain three types of boundaries of tectonic
plate.

4. How can you dilI-erentiate continental drift fiom
tectonic plate?

Earthquakes and Volcanoes
Dear learner, both (volcanoes and Earthcluakc) iire caused
by the movement of molten rock and heat deep inside the
Ear1h. These movements are referred to as srrblerronean
moventent,s. Most Earthcluakes and r olcanic activity
happen near tectonic bor-rndaries.

14s

-ffi-

b



ffi.r Unit 4: Describing Geophysics

The Origin of Volcanoes

Dear learner, volcanoes are places where molten rock
called magma leaks out through a hole or a crack in the
Eafih's crust. Magma originates from the mantle, where
high temperature and pressure cause the rocks to melt.
When alarge pool of magma has formed it rises through
the denser rock layer towards the Earth,s surface.

Magma that has reached the Earth,s surface is called,lava
as seen in Figure 4.8.

Figure 4.8 Volcanic eruptions with lava

Most volcanoes form long constructive and destructive
boundaries between tectonic plates however, a few form
plate boundaries.

Types of Volcanoes

There are two types of volcanoes namely:

i. Fissure volcanoes.
ii. Cenhal volcanoes.

i. Fissure Volcanoes

These occur along the cracks in and between tectonic
plates.

lhey can be many kilometres long. Lava is usually
ejected quietly and continuously forming enormous plains
or plateaus of basaltic volcanic rock as seen in figure 4.9.
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Figure ,1.9: Fissure volcanoes

Centrul l'olcunoes

These have a single vertical main vent through u,hich
magma reaches the Earth's surface. They usually develop
a cone shape that builds up tiorn .,,...rriu. layers of'lava
and ash. The process bv u,hich magma is tbrced fiorr
interior of the Earth tliroLrqh a r.ent in thc Earth crust is
called [r1rlt'ottic,in'as seen in Fteur.e :1.10.

Figure 4.10: Central I olcanoes

Classification of Volcanoes

Dear learner, volcanoes are classitlec'l into tlrree
categories based on their ti'equencr, olerLrption, u,hich
are: active, dormant and ertinct r olcanoes.
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L Active Volcanoes

These are volcanoes that either erupt constantly or haveerupted in recent time; examples of active ,ol.uro".-u."M:u:1 
.Nyiragongo (Congo), Su.rtu 

-tvtu.ia 
(Guatemalj

and Oldoinyo Lengai (Tanzania).

ii. Dormant Volcanoes

These are volcanoes that have been inactive for sometime (a few thousand years) Urt "u, erupt again.Examples of dormant volcanoes are Mount fifi*uriju-(Tanzania) and Mount Fuji (Japan).

iii. Extinct Volcanoes

These volcanoes have not erupted in recorded history.They will_ probably. never erupt. Example of extinctvolcano is Mount Thielsen (USA).

Effects of Volcanoes

Dear learner, volcanoes have negative and positive effectsto human beings, amongst them are:

L Negative Effects

a) Destruction of .property and loss of human life.Eruption occurring closl to human settlements mayspill and destroy lives and property.

b) Environmental pollution. Ash discharged very highinto the stratosphere can haie 
";g";i;;consequences on the ozone layer.

c) Lahars. Ash and mud can mix with rain and meltingsnow forming Lahars. Lahars are mud fl"*; fl;*;;
at very fast.

d) Acidic rain. Gas emissions from volcanoes are anatural conkibutor to acidic rain.

e) Accident. Ash throw into the air by eruptions canpresent a hazard to air craft, especiuffy ;"t "t-.;ftwhere the particles can be melted Uy ,fr" frigi,operating temperature.

,,ffi,-
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b) Tourism. Pror.ide extraordinar\ scenery so beautiful
and naturaI that thev attract tourists to the area,
bringing in sorne ecor-ronric r alue.

c ) Geothermai ener-el'. Places close to volcanic
activities tend to have higher potential for
geothermal energy which can be an adr,.antage to the
tow'ns and cities.

d) Soil formation. Ash and lava breakdow.n become
soil that are rich in nutrients and become good area
lbr crop planting activities.

e) Minerals. Volcanoes also bring valuable nTinerals to
the Earth's surface. The minerals al'e irnportant
economic resources.

Earthquakes
Dear' learner. u elcome to this part on Earth quakes. Have
you ever experienced sr-rdden shaking of the Earth's
surf-ace in your tif'e'? What were the callses of the
shaking'? Did the shaking lead to any destructions to
human lilb and property? Let us discuss in detail about
the earthquake.

Eurthquukes is a sudden shokittg of the Ear.th's sm.fac:e

caused by a release o.f energl Ltccutnul(ttecl vilh or ulong
edges of tectonic plate.

OR
Earlhquakes is a sudclenly r-notior-r,shaking and trembling
that results from the trro\.enlent ol rocks beneath the

Earth's surface.
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ii. Positive Effects of Volcanoes
a) Landscape formation. Volcanoes leacl to tbnnation

of-mountains. islands, plateaus and r ai1c1,'.
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Every year about 10,000 earthquakes happen but most are
so small that they can only be detected by very sensitive
instruments. Earthquakes also occur as a result of
movement of magma at constructive boundaries under
volcanoes and where continental plates collide and push
mountain ranges.

How Earthquakes Occur

Earthquake mostly occur on or near the boundaries
between tectonic plates. However, earthquakes can also
occur far from plate boundaries. Such earthquakes
probably occur as a result of faults formed millions of
years ago.

Most earthquakes occur on or near destructive and
constructive boundaries of tectonic plates. Tectonic plates
grind past each other, rather than slide past each oth"r.
They can become locked together due to friction. For
some time, they don't move and energy building up as
shown in Figure 4.1 1

':-J
T#lMieF+#rlldi&g

p**t @rh *tr€! ietd fi@6@tltU
bs frici*

Figure 4.11: Earthquake build-up

Pressure builds between them until the frictional force
holding the plate together gives away. The plates moves
suddenly releasing pressure (energy) urd then hold
together again. This sudden jerk is what is felt as an
earthquake.

The point within the Earth where an earthquake begins is
calledfocus or hypocentre of the earthquake. Earthquake
rurely occur along constructive plate boundaries.
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The epicentre is a point on the snrface of the Earth
directly above the focus.

The strength of the earthqLrakes (liou much ground is
shaken) depends on types of soil or rock around the
epicentre, depth ti'orn the epicentrc. size and length of-
faults.

The earthquake prodr-rces ribration (\\'a\-es) atrd these
waves caffy energy as they travel outr,r'ards through the
solid Earth materials. The waves due to the earlhquakes
are known as .seismic: vruyes.

Types of Seismic Waves

Dear learner, there are three categories of seismic waves
namely;

i. Primary u'ave (P).

ii. Secortdarr \\ r\ c\ (S ).

iii. SiLrf-ace \\'a\-es as shou n in Frsure .{.12.

1.

Figure 4.I2: Seismic \1 a\es

Prirnary waves (P-u,aves) a1'.' the t'it'st waves
released from hypocentre (i-ocus) i.e. fastest
moving waves. These \\ra\ies ccrxpress and expand
the ground hence cause buildings to contract and
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expand. They can move through liquid and solicl.

Secondary waves (S-waves) are waves that arrive
on the surface after primar-y waves. They are f-elt as
a series of side to side tremors. Figure 4. l3 shows
botli P-waves and S-waves.

1t

1tr.

*l*t* Fxn-m

Figure 4.13: p-waves and S_waves

Surface waves radiates outward from a point on the
Earth's surface directly above the hypocentre. This
point is called the epicentre of thi earthquake.
There are two types of surface wave. Theie are
Rayleigh waves and Love waves. Rayleigh waves
create a rolling movement that makes the land
surface move up and down.

Love waves make the ground shift from side to
side. It is a surface wave that damage the surface
strucfure such as buildings and hydroelectric power
plants. Figure 4.14 shows this kind of wave.
La+*eB

$lca*s&#l6 1****

Figure 4.14: Surface wayes
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Earthquake Scales

Dear learner, the nature of an earthquake is usually

described by measuring two propertiest the magnitude

and intensity.

The magnitude of an earthqnake is a measure of the

energy it releases; it is usuall1' ueasured on Richter scale.

The Richter scale is based on the amplitude of the largest

seismic wave recorded for an Earlhquake. no rnatter what

type was the strongest.

The Richter scale magnitudes are based on a logarithrnic

scale (base 10). This means that fbr every w'hole number

you go up on a Richter scale, the amplitude of the gror-rnd

motion goes Llp ten times. Using Richter scale, an

earthquake of magnitude 7.0 would result in ten times the

level of ground shaking as an eafihquake of rnagnitude

6.0.

The Richter scale can be used to describe earlhquake

which are so srnall that they are expressed in negative

numbers, the scale has 0 upper limit.

The intensity of an earthcluake is a measure of its strength

based on the changes it causes to the land scape. The

interisity of an earthquake is usLrally measured on the

modified Mercalli intensity scale. The scale is

calibrated from I to 12. On this scale. level I is a minor

tremor that causes no damage r't hereas 12 causes total

devastation. Table 4.1 and 4.2 shou, a description of the

Richter scale and 12 levels on the modified Mercalli

intensity scale respectively.
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Table 4.1: Richter scale table

Table 4.2: Mercalli intensity scale

Note that, an earthquake can only have one magnitude.
However, its intensity is reduced as the seismic waves
spread out from the hypocentre, just the same way the
loudness of a sound changes as you move away from the
source.

Richter Magnitude Earthquake ELfects

0-2 Not felt by people
2-3 Felt little by people

3-4 Ceiling lights swing
4-5 Walls crack
5-6 Furriture moves

6 -',7 Some buildings collapse
7 -8 Many buildings destroyed

8-up Total destruction of buildings,
bridges and roads

Number Effect

I Not felt

iI rest, on upper floors, or favourably
places

Felt bypersons at

u. Felt ibrationV like ofpas truck.slng light
IV Vibration like passing ofheavy trucks
V Felt Smaloutdoors. unstable ects orobj displaced upset.

VI. moved. Weak plaster/masonry
cracks

Felt by all. Furniture

VII toDifficult stand. to andDamage masonr:y chimneys.
VIII. Partial collapse ofmasonry. Frame houses moved.
x. Masonrv orseriouslv damaged destroyed.
X andMany buildings bridges destroyed.

XI. bentRails severelPipelinesgreatly v damaged.
xII. Damaged nearly total.
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The Seismograph

Dear learner, welcome to the next pat't on seismograph.

The seismograph is an instrument used to record ground
rnovements caused by earthquakes. The seismograph
lecords both the nTagnitr-rcle ancl the intensity of the
earthquake.

Seisnrograph has tluce tr,pes u hich are: sirnple pendulum
seismograph. inr ertcd penclLrlunr seisrlograph ancl
recording the pendulum motion. The recorcling of the
motion of the pendr:lum can be done throngh Optical
mechanical or electronic methods.

Earthquake Hazards

Dear learner, I hope you have understood very well about
earthquakes measurement instruments, now let us
proceed with the next part on earthquakes hazards.

The fbliou ing are etlbcts (hazalds) of carthcluakes:

1. Landslides

Ezrrthquakes can caltse unstable hilisides, mountain slopes
and cliffs to move dou'nwards, creating landslicles.
2. Snow slopes

Earthquakes can also trigger avalanches on sltow slopes
which can collide with people. houses etc.

3. TSunamis

Tsunamis are the huge water \\'aves causir-tg urater to rise
or fall. When a tsunarni reaches shallou u'ater. it slows
down, its wavelength reduced and its hei_eht g1'o\\ s.

4. Collapsing of Buildings

A strong earthquake can f'latten a r,vhole city. An
example, is the Japanese city of Kobe rvhich was
completely f-lattened by an earthquake rncasuring 7.2 on
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the Richter scale. as shown in the figure 4.15

Figure 4.15: Effect of an earthquake

5. Fire Outbreak
Breaking of gas or oil pipes and collapsing of electricity
lines activate fire outbieak. I -

6. Loss of Life
People in areas where an earthquake has stricken may getburied under buildings and soil or g.t frrrt or even getkilled when items fall on them. 

a

7. Floods

Tsunamis lead to coastal floods since ocean watersuddenly rises above its normal.
8. Backward Rivers

Tilting ground can also make rivers change their course.This can result in the creation of earthquake lakes thatcover huge tracts of previously settled land.

Dear learner, before the earthquake happens, there aresome indications that warn us that the earthquake is aboutto happen.. Berow are some of the earthquake ;;*gsigns:

a) Thermal Indication
Few months before the earthquake, the averagetemperafure of a particular ureu increases. For example,on the day of earthquake occulrence, th" temperature of a

I
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place becomes about 5oC to 90C above the average
normal temperature for that day.

b) Water Indicator

About one or three days befbre an earthcluake, there is:

i. Sudden rise or fall in \\'ater lerels irr rvclls. The rise
can be as high as one meter. The ri e1l \\'ater may turn
muddy.

ii. At times, a fountain appears inside the well;
sometimes a foLrntain may appear in the ground. This
normal happens a feu,hours befbre the quake.

iii. There is also a sudden and rapid increase or decrease

of water f-low in the rivers. This happens about one to
tw'o days before the quake.

c) Seismo Electromagnetic lndicator

Wiren temperatnre rises. results in geomagnetic 1-reld

u.'hich reduces propagation of electroinagnetic \\'aves
(radio, television and telephone). This is a verv reliable
indicator. lt is usuailv recorded about l0 to 20 hours
befbre the quake.

d) Animal Indicator

Betu,een l0 and 20 hours befole the occurrence of an

earthquake, the entire animal kingdom becomes highly
disturbed and restless.

e) Human Indicator

Sensitive patients in hospitals becarne hi-uhl1, disturbecl

betbre an eafihquake. They exhibit a suddcn rise in blood

pressure, heart trouble, heaclache. nrigraine and

respiratory disorders. The number of outpatient in

hospitals increases by tive to se\e11 tirles, some 10 to 20

hours before the quake.
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Precautions to be Taken during an Earthquake

Dear learner, the following are the precautions to be taken

during the earthquake occurrence:

1. If yor_r are indoors during an earthquake, drop,
cover and hold on. Get under a desk. table or
bench. Hold on to one of the legs and cover your
eyes. If there is no table or desk nearby, sit down
against an interior wall.

2. Pick a safe place where things will not fall on you.
3. Wait in your safe place until the shaking stops, then

check to see if you are hurt.
4. Move carefully and watch or_rt fbr things that have

fallen or broken, creating hazarcls. Be ready fbr
additional earlhquakes called aftershocks.

5. Be on the lookout for fires. Fire is the most
common earlhquake-related hazard due to damaged
gas and electrical lines.

6. If you must leave a building after the shaking stops,
use the stairs and not the elevator.

Structure and Ccomposition of the Atmosphere

Dear learner, the Earth is surroundecl above it by a layer

of gases containing numerous small suspended solid and

liquid particles. This layer is called the cttmosphere. The

atmosphere consists largely of a mixture of gases

extending to a height of many kilometres above the Earth.

It has no outer boundary. It just fades into space. The

dense part of atmosphere lies within 30km above the

Eafih's surface.
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Structure of the Atmosphere

The atmosphere is divided into fir,e resic'rns based on its
therrnal characteristics (temperature changes), chemical
composition. movement and densitr'. The tlve regions
are:

l. Troposphere.

2. Stratosphere.

3. Mesosphere.

zl. Thermosphere.

5. Exosphere.

The layers mentioned are shown in Figure 4.16

'1t, .,

Figure 4.16: Lar,ers of the atmosphere

1. Troposphere

This is the region nearest to the Earth. It cxtends to an
altitude of up to 1Okm abol'e the poles and 20km above
the equator. This region is the clensest part of the
atmosphere. It contains most of the att.nosphere's water
vapour. The temperature in this region decreases with
altitude at an average rate of 60C/km.

The troposphere is well mixed. Arr rlolecules can travel
to the top of the troposphere and back doun again in just
a feu,' days. This mixing eltcouraq!-s changing w.eather.
Most weather phenornena occur in the troposphere.
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Clouds and rain are fbrmed w,ithin this region.
The boundary r,vhich separates the troposphere and thestratosphere is called the tropopuurn. At the tropopcruse
the ternperatures stop decreasing w.ith height and become
constant. The tropopatrse has an average neight of I0km.
Dear^learner, do you know troposphere layer is important
to us'/ If yes good the fbllorving aie the importance oftroposphere

i lhe troposphere controls the climate and
ultimately determines the qLrality of the Earth.

ii. The Iayer contains gases which include Oxygen
which is used fbr respiration by anirlals"ind
Car-bon dioxide which is r_rse by plants i;
phorosynthesis.

iii. The Nitrogen found in this layer also provides aninactive environment lbr many chernical
processes to take place. The gases also supportmany important chernical pio..rr., ,r.t',' u,
combustion, weathering and oiidation.

2. Stratosphere

This laye, starts fiom the tropopause and extends to 50knrhigh. It is more stable, ariei anA l"r., d.nr. .;i,il';;
the troposphere. The ternperature slowly increases rvitl-r
altitude_due to the prescnce ol ozone layer which absorbs
ultraviolet rays frorn the Sun.

The ozone layer Iies in the middle of the stratosphere
between 20 and 30km. Ozone (O:) is a triatomic for.m ofOxygen. The stratosphere together with troporpf.,".. i.collectively known as the lower atmosphere. Theboundary which separates the stratosphere from the outer
layer is called stratopause.

Unit 4: Describing Geophysics

Advantages of Stratosphere

The following are the advantages or importance of thisrayer:

i. It absorbs the ultraviolet radiations which are
harmful to both plants and animals from ."u.frirg
the Earth,s surface.
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ii. It prevents large stoms from extending much
beyond the troposphere due its stability.

3. Mesosphere

It starts just above the stratosphere and extends to 85km
high. The temperature of this laver decreases rvith
altitude. The lolvest temperature of the atmosphere occurs
lvithin this region (- 9OoC)

This is the layer where most meteors bum rvhile enteling
the Earth's atmosphere. The boundary which separates
the mesosphere from the thennosphere is called the
mesopause.

4. Thermosphere

This layer is just above the rnesopause and extends up to
690km high. In this layer the temperature increases with
altitude due to Sun's heat. The temperature in this region
can go as high as 1,727uC. and chemical reactions occur
f-aster in this region than on the Earth's surlace. This layer
is also knou'n as the upper atr-r-rosphere.

The lower part of rhe themospliere. fiom 80 to 550krn
above the Earth's surfaces. contains the ionosphere, a

region containing high concentration of charged parlicle
called ions and free electrons.

Importance of Ionosphere

i. The large number of fiee electrons in the ionosphere
allow the propagation of electromagnetic \\.aves.

ii. lt absorbs the dangeroris radiations like x-rays and
extreme ultraviolet ( EUV) radiation.

iii. It plays an important role in communication of radio
waves.

5. Exosphere

This is the outermost region of the atmosphere. In this
region the atmospheric gas pressure is vely low such that
light atorns such as Hydroger-r and Helium may acquire
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sufficient energy to escape the Earth,s gravitational pull.The upper part of the exosphere is calea magnetosphere.
The motion of ions.in this region is ,i.ongfy constrainedby the presence of the Earth,Jmag;;; field. This is rheregion where satellite orbits the Eaih-

*

Activity 2

1. Explain briefly five warning signs of the earthquake.
2. Describe tive negative and iive positive ell_ects ofvolcanic eruption.

3. How do earthquake cause damage?
4. What is the relationship between volcanoes andearlhquake /

5. Will more shocks be felt afier a strong earthquake?
6. Does the rate of earthqurakes increase during the coldweather'., Cir e reasons.

7. Can people cause earthquakes to occur,/

The Greenhouse Effect and GlobalWarming

fear l.eaqer, can you think of the effects of cutting downtrees, bush fire, and the smoke from factories and motorvehicles? In the previous part of ,t i, Uri, you learntabout strucfure and composition of the atmosphere. Wehave discussed in thai part irr"i 
-iL 

atmosphere iscomposed with various gases such as Oxygen, ororr"layers amongst others.

In this Unit, you are going to learn about the greenhouseeffect and global warmin!. Vou *iii l"u* _ury thingssuch as the relationship betwe", 
"rtflrrg 

trees and theincrease in global temperature and how smoke fromindustries, motor vehicles uno uu.n r,." ur""t the Earth,stemperafure. Let us start to discuss about the greenhouse
effect.

Greenhouse Effect

Greenhouse
radiation by

effect is the process in which the
the atmosphere warms the Earth

' emission of
's sur/ace.
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When the heat from the Sun reachcs tlie Earth's surface in
fbnn of sunlight, sorne of it is absorbed by'the Ear1h. The
rest is radiated back to the arurosphere at a longer
wavelength than the incoming stinlight.

Some of these longer u,ar elengths are absorbed by
gleenhouse gases in the atmosphere before they arc lost
into space.

The absorption of this long-wavc radiant cner{ry \\,.anrrs
the atmosphere. The greenhouse gases act like a nrirror,
reflecting back to the Earth some of the heat encrgy
which w.ould otheru.ise be lost to space.

Sources of Greenhouse Effect

The sources of greenhouse effect inclr-rde:

a) Carbon dioxide (CO. )

b) \,{ethane CH+.

c) Chlorofluorocarbons (CFCs).

d) Nitrous oxide (Dinitrogcn oride).

Deal lcarner, let us discuss these four gases as fblloll,s:

a) Carbon dioxide (COz)

Carbon dioxide is the r-nain greenlrouse gas. The gas
contributcs over 500/o of the grcenhousc effect.

The follou,ing are sorne of the soLri'ces olCarbon dioride:

i. Brrrnilrg of r cgetatiorr.

ii. Burning of fossil fuels (coal. or1 ancl natural gas).

b) Methane lCHr)
It is one of the trace gases rn the atmosphere that is
considered to play a rlajor rolc in tlic greenhouse effect.

The main solrrces of Methane are:

i. AgricLrlture activitres. It is rcleased fiom wetlands.
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such as rice flelds and fiom animals, dunss.
ii. Mining of'coal and oil.
iii. Biomass br.rrning.

iv. Anaerobic decomposition of organic waste inlandfills.

Note

GlobalWarming

Methane molecules have a lifetime of 10 years in theatmosphere.

The effect is caused by greenhouse gases. These gases areproduced from nafural and industriaiprocesses.

d) Chlorofluorocarbons(CFCs)

Chlorofluorocarbons are_organic compounds made up ofChlorine, Fluorine and Carlon. fneiource of CFCs inthe atmosphere includes fridges, air conditior".r, ,f.uy,and aerosols. CFCs are extremely effective greenhouse
gases. A CFCs molecule is 10,000iimes more effective intrapping heat than a Carbon dioxide molecule.
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&
c) Nitrous oxide (Dinitrogen oxicle NzO)
This is the thjrd nrost jmportant greenhouse gas fbr theenhanced greenhouse etl-ect atter Cb: una CH..
The sources of N:O include:

i. Combustion of fossil fuels in vehicles and power
stations.

ii. Use of Nitrogenous fertilizers.
iii. Burning of vegetation.

iv. Animal waste.

l
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Global warming is primarily a problem of too mucl.r
Carbon dioxide (CO:) in the atnrosphere u,hich acts as a
blanket, trapping heat and warming the planet (Ear1h).

As we burn fossil fuels like coal, oil and natural gas fbr
energy or cut-down and burn fbrests to create pastures
and plantations, Carbon accur-nulates and overloads our
atmosphere.

Global wurming is the increcr,se ctf- uver.oge lemperalures
near or on the stu'/bce rt' the Earth as ct result of
greenhouse eflbct.

Consequences of Global Warming
Dear learner, global w.arming has the eff-ects on the Ear11.r

as explained below:

i. [ncreases in the tenrperature ofthe oceans.

ii. Rise in sea levels due to melting of land ice. This
u'ill lead to coastal floocling of the coastal land.

iii. Acidiflcation of the oceans. CO: dissolr,es in water
and fbrrs a ri eak Carbonic acid.

ir,. Extreme weather events u,hich include floods.
drought, heat waves, hurricanes and tornadoes.

v. Destroying of agricr-rlture and fisheries. This u,ill be
observed into fbrests, farms and cities whereby
they u,ill f-ace troublesome brought by heat waves,
heavy downpours. rncreased flooding and new
pests.

vi. Melting glaciers, snowrnelt and severe droughts
will cause ffrore drarlatic \\'ater shortases and
increase the risk of u,ildflres.

vii. Extinction (death) of some animal and plant
species. Disruption of habitats such as coral reefs
and Alpine meadows could drir,e many plant and
animal species to extinction.
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Solutions to Minimize Global Warming
Dear learner, we have already discussed the consequences
of global warming. Can you explain the ways on how to
minimize global warming? Share with your friend and
relate your answers from the discussion with the
following solutions:

i. Reduce the use of fossil fuels by using public
transport which will minimize the number of
vehicles in the roads.

Use of fuel - efficient cars

Use of renewable sollrces of energy such as solar
and wind.

Afforestation; Replant trees that would absorb
Carbon dioxide.

1t

iii

IV

Countries to make a policy of minimizing the
emrssion of greenhouse gases. Example Kyoto
protocol

Activity 3

1. What does global warming have to do with rising sea
level?

2. Describe 1.our gases that contribute to global warming.

3. Explain the eff.ects of global warming.

v
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Unit Reflection

# Dear learner, make ref'lection of the Unit b-v atternpting

the following questions :

1. Do you think that you have leamt a cornpetent

content?

2. Do you think that the content in this r-tnil is applicable

to your lifb'? Explain how the content in this Unit is

applicable to your lif-e.

3. What part of this unit challenges you most? Did you

f-ace any challenges in this Unit? If yes, explain how

you solved them.

4. What steps did tolr take to o\,ercome those

challenges'?

5. What part of this unit is mostly interested to you?

Which part of the Unit did you enjoy nTost and w'hy?
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Unit Assignment

Unit 4: Describing Geophysics

Alter. completing studying this unit, do the fblrowingquestions. Make r

D e ar 1 e arn e ; ; iJ'i J;.' iJj #T [.".fi , 
:]. ir"",, f HAtternpt the following exercise and keep your work in theportfolio.

1. How can you diflbrentiate the boundary betu,,een the
mantle and crust fiorl the boundary between the
mantle and the core?

2. Explain how litb would be without the layers of the
Earth.

3. How heat inside the mantle aflects the life on the
surface of the Earth?

4. Explain why the outer core of the Earth is Iiquid while
the inner core is solid even though the temperature is
high.

5. Explain what is seismograph and its mode of action.

6. Explain how volcanoes occur.

7. Explain briefly three precautions that can be taken
against Earthquake hazards.

8. Does the Earlh open up during an Earthquake?
Explain.

9. Where do earthquakes occur?

I0. Can Earthquake be predicted? Explain.

11. Are there ceftain months of the year that are more
seismically active than others? Why?

tI
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Activities Answers
UNIT I

Activitl'l
1. 3 crn , 21 crnis, 7 Hz

2.3.2 cn, t3.125 H2.0.123 seconds

3. 14 rn

4. 6.25x 10 i.i

Activity 6

9. 1080 rn

10 (a) 333.33 m/s (b) 100.3 rr

Activity 12

1. (a) 850 Hz (b) 2550 Hz

12. Does a small earthquzrke indicates that a larger

earthquake is coming?

13. What was the greatest earthquake in the r,vorld

history?

14. How can you explain the global rvarming?

15, Explain the measures that can be taken to control

globalrvarming.

16. Explain hor,v cutting of trees contr-ibute to global

u,arming.
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