Teaching Some
Selected Topics of

Based on National Physics Curriculum
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This Web-based Physics Teaching material is int@rnidesupport teachers who
teach physics in the early years of secondary eanca

The material is designed to help teachers to gaietter understanding of

physics, to use it as a reference besides the deksband allow them to
experience for themselves the methods of teachitrgduced and to develop
greater confidence in their teaching of it.

It is also hoped that the material will help teashi& their continuing quest to
develop new approaches to their teaching which willke physics more
interesting and exciting for all their students.

The material contains facts, explanations, andchlest that will help to make the
subject more interesting to student and teachke.alfthis material is designed
for lessons in which the primary emphasis is discing rather than memorizing
and in which teaching is by questioning rather tharelling.

The material deals with the following Units: ve&orpressure, heat and
temperature, wave motion and sound. These conseetselected among the
grade 9 physics textbook by expertise judgementhvhinges on challenges and
difficulties both for students and teachers pertine conceptual reasoning and
understandings. Each content is divided into lesson

Each lesson encompasses three sections:

- The starter activity relates the lesson with stislelaily life and
experience, bringing together the overview of thesen topic in a
coherent, concise and engaging manner

« The main Activity highlights teaching and learningethods and
attempts to make explicitly what students find {eas 'difficult’,
clarify common students’ misconceptions . The teagh
approaches provide proven teaching ideas and giteateesigned
to present the topic in an interesting and engagiagner

« The concluding activity includes the underlying cepts which
need more attention, provide problems and exerdssgned to
develop the key skills and good problem solvingitsab

Such materials have been chosen to address thie&elying and learning
challenges; there will be no attempt to produceompiete resource
material encompassing all the contents of gradey3ips.




The primary goal in producing web-based physicgsuing material
for secondary school teachers can be: to producsfesence that is
more focused and coherent, to provide special atterto concepts
known to cause student difficulties and to supportactive-learning
environment

Aims

« To prompt teachers enthuse young students withetiieyment
and excitement of physics.

« To support the secondary school teachers partlgulaith
concepts known challenging and difficult for stutdeto learn and
for teachers to teach..

The material includes several features designed aid teacher
comprehension. Each unit begins with a list of abgectives that should
be achieved in that chapter. A great deal of quizzeluded in each unit.
These quizzes can serve as a useful self-test ofp@hension. In
addition, there are also end-of-chapter exercises.

It is our hope that using the web-based materklsivengthen teachers’
confidence and stimulate their enthusiasm for bettiegagement in
teaching physics.




By the end of this lesson students will be able to:

Describe the difference between scalars and vectors
Categorize physical quantities as scalars and rg&cto

Starter activity:

Begin the lesson recapping the core points aboysiphl quantities.
Remind students they studied in grades 7 & 8 thasigs is an
experimental science and experiments requires mmasuts, and we
usually use numbers attached to units to descrhm results of
measurements. Any number that is attached to amoppate units used to
describe a physical phenomenon quantitatively iBed¢aa physical
guantity. For example, among physical quantitiest ttescribe you are
your weight and your height.

Any number or set of numbers with appropriate unastached, used for
a quantitative description of a physical phenomenmncalled a physical
guantity.

The simplest kind of physical quantity is one tltain be completely
specified by its magnitude, a single number, togiethith the units in
which it is measured. Such a quantity is calledcalss and examples
include temperature, time and density.

But many other important quantities in physics hawdrection associated
with them and cannot be described by a single nuube a unit.

A vector is a quantity that requires both a magrike and a direction in
space to specify it completely.

We may think of it as an arrow in space. A simptareple is the motion
of an airplane. To describe this motion completelg, must say not only
how fast the plane is moving, but also in what cio;. . A familiar

example is force, which has a magnitude (strengtdasured in Newton
and a direction of application. Giving a complegsctiption of a force




means describing both how hard the force pusheslts on the body and
the direction of the push or pull.

When a physical quantity is described by a singlenlver, we call it a
scalar quantity. In contrast, a vector quantity hath a magnitude (the
"how much" or "how big" part) and a direction irese.

Main Activity:

To have a clear understanding more about vectat$aw they combine,
let us start with the simplest vector quantity pthsement. This involves
two pieces of information —the distance between pemts and also the
direction of one point from the other. Displacemisnsimply a change in
position of a point. (The point may represent aiplar or any body.) In

Fig below we represent the change of position fpmimt Pl to point P 2

by a line from PI to P 2, with an arrowhead at RoZ2represent the
direction of motion. Displacement is a vector gitgnbecause we must
state not only how far the particle moves, but alsehat direction.

Ending position : PZ

Displacement X

Starting position | Pl

Figure 1.1: Vector notation

Analytically, we usually represent a vector quansitich as displacement
by a bold type letter, such @sin Fig. 1.1 or by putting an arrow above
them, the latter being much used in handwrittenkwdteep students
remind them that vector quantities have differerdpprties from scalar
guantities; the arrow is a reminder that vectoryehdalirection. In
handwriting, vector symbols are usually writtenhwétn arrow above them
(see Fig. 1.1). When you write a symbol for a vecabvays write it with
an arrow on top.

A vector may be geometrically represented by amvarwith length
proportional to the magnitude. The direction of #reow indicates the




direction of the vector, the positive sense of io: being indicated by
the point.

If two vectors have the same direction, they aralfg (collinear). If they
have the same magnitude and the same directionatieeequal, no matter
where they are located in space.

Ps

P, P,
A [JA'=4A B=-4
P, /—% Fe

Figurel.2 Displacements

A andA’ are equal because they have the same length and direction. (BatetisenB8
has the same magnitudefadbut opposite direction, that is the negativéof

If two vectors have the same direction, they amalfg. If they have the
same magnitude and the same direction, they aral,eqo matter where
they are located in space. The vedrfrom point B to point R in Fig.
1.2 has the same length and direction as the vActamm Pito P, . These
two displacements are equal, even though theyataitferent points. We
write this asA" = A.

Two vector quantities are equal only when they hatlee same
magnitude and the same direction.

The vectorB in Fig. 1.2, however, is not equal Aobecause its direction

is opposite to that oA. We define the negative of a vector as a vector
having the same magnitude as the original vectdr the opposite
direction. The negative of vector quantityis denoted ash, and we use a
boldface minus sign to emphasize the vector natdréhe quantities.
When two vectorsA and B have opposite directions, whether their
magnitudes are the same or not, we say that tkeegrdar-parallel.

We usually represent the magnitude of a vector tiydoy the same letter
used for the vector, but in light italic type witto arrow on top, rather




than boldface italic with an arrow (which is ressvfor vectors). An
alternative notation is the vector symbol with it bars on both sides:

(Magnitude of A) =A = [A|.

Throughout this material we will represent a vecdiodiagrams as a line
together with an arrowhead. We will make no didtorc between an
arrowhead at the end of the line and one alongjrib&s length.

Concluding Activity:

A scalar is a quantity that is specified completahya single number and a
physical unit of measure. Scalars are quant#pesified with units and
are combined with the usual rules of arithmetic.

When the direction as well as the magnitude of antjty must be quoted
we are dealing with a vector quantity.

To represent a vector quantity diagrammaticallyjna is drawn with
length proportional to the magnitude of the veaaantity and with an
arrow pointing in the same direction as the vectoantity. This allows
geometry to be used to calculate the magnitude ridnawn vector
guantities, since the lengths of all lines in a teecdiagram are
proportional to the magnitudes of the vectors.

Stress the importance of getting in the habit ehgishe arrow symbols
for vectors. If students often omit the vector arfoom the vector symbol
they are more likely to be in confusion and mistake

After recapitulating the key ideas or concepts @estudents with some
carefully designed questions such as:

1. State the use of vectors in dalily life.

2. You may often see F and V, representing the madestwof the
vectors, without boldface or an arrow over theelestt Why?

3. Does it make any difference which of the two vestsradded first
and which second?

4. The output voltage of a battery, the volume of &lépthe clock
time, and the mass of a body all has somethingpmngon. It is
that they are represented by:

A. One number
B. More than one number




Support students in realizing that each is repteseloy only one number-
the battery by 12V,the bottle by 1.5 Liter, the @irby 2:35s and the
weight by 67Kg ,and things described by a numbéeh wiunit are called
scalars

Confirm that they come up the right answer as tppbu travelling
instructions and because it frequently useful scus the magnitude of
the force or velocity without concerning ourselweih its directions to
guestions No 1 and 2 respectively.




add and subtract vectors graphically
Add and subtract vectors geometrically and algehtly

Starter Activity:

Start the lesson informing students that they estors frequently, even if
they may not be familiar with the term.”"Run 3km thaast” or “walk 4m
north, 2m east” are both vector descriptions. Thene vector means
carrier. In Biology a mosquito is a malaria vectior.physics the vector
measures where a thing is carried 3m forward, 4theéaight and 5m up.

Main Activity

Vectors can be added or subtracted. In this lessenshow how to do
these operations graphically. It may be helpfuteasider that these two
vectors represent displacement. A women walks aldisplacement

vectorA and then along displacement vedBorHer initial point is the tail

of A, and she would end up at the point at the erit&f vector .The sum

represent the displacement vector from her initidinal position .

To be more specific about the addition of procesgs: start with two
vectorsA and B, both drawn at the common origin. To add them, we
move the vectoB so it starts at the head Af The sum is a vector that
starts at the tail oA and ends at the headB®f

C=A+B (1.2)
Vector C is then represented by an arrow drawn from tHeofad to the

tip point of B. This procedure, the triangle law of addition, igiss
meaning to Eq. (1.1) and is illustrated in Fig. heBow.




Figurel.3a: adding two vectors by placing those headlto tai

The sumA+ B of vectorsA andB is defined as the vector directed from
the initial point of A to the endpoint oB under the condition thd is
applied at the endpoint &. The rule for addition of vectors, which is
contained in this definition, is called the triamdaw of vector addition
(see Fig. 1.3a.).

Subtraction is handled by defining the negative afector as a vector of
the same magnitude but with reversed directionnThe

A-B=A+(-B) (1.2)

By completing the parallelogram (sketch it), we Hest the sumA + B

can also be found using the parallelogram law aftore addition- If
vectorsA andB are both drawn with their tails at the same paiattorC

is the diagonal of a parallelogram constructed withand B as two
adjacent sides.

C=A+B=B+A. (1.3

Figure 1.3b: adding two vectors by constructing a pargitaln




Common misconceptiorAMagnitudes in vector addition

It's a common error to conclude thaCif= A + B, then the magnitud€
should just equal the magnitudeplus the magnitud8. In general, this
conclusion is wrong; for the vectors shown in Higb, you can see that C
< A + B. The magnitude oA + B depends on the magnitudesfoaindB
and on the angle between A and B). Only in the igpease in which A
and B are parallel is the magnitude®f A + B equal to the sum of the
magnitudes oA andB. By contrast, when the vectors are anti pardiel t
magnitude ofC equals the difference of the magnitudeé&andB. If you
are careful about distinguishing between scalar aactor quantities,
you'll avoid making errors about the magnitude géator sum.

Give strong emphasis to the fact that the additibmectors only makes
physical sense if they are of a like kind, for exdanf they are both forces
acting in three dimensions.

When we need to add more than two vectors, we nstyfind the vector
sum of any two; add this vector ally to the thiathd so on. Figure 1.3c
shows three vector&, B, andC. In Fig 1.13c. We first adé andB to
give a vector sund; we then add vectoiS andD by the same process to
obtain the vector sum R:

R=(A+B)+C=D+C

o
&

R
Z
A B
B

Figure 1.3c: How to add three vectors graphically

To Verify the Parallelogram Law, let students imowp perform the
following experiment

This experiment is carried out by applying threecés to a point and
adjusting them until they are in equilibrium. Whey are in equilibrium,




their sum (as vectors) must be zero. The sum oftayof the vectors

must then be equal and opposite to the third, tkentlae total sum of all
three zero. We use the parallelogram law to firdrésultant of two of the
forces in the experiment, and show that this rastitis equal in

magnitude and opposite in direction to the thinctéo This proves that the
resultant found by the parallelogram law is the safnthe two vectors -

especially when the experiment is repeated sevengls and a similar
result is found each time

As shown in the figure below (Figure: 1.4), theastigation explores the
concept of equilibrium using forces on springs. Toykeep the spring
scales as parallel as possible. Attach three sprimghe loops of string
with the key ring in the middle. Have three peopbech pull a spring,
keeping the ring motionless with all the springsiiine.

\ Foree 2

Ring

[ERRCAIRN Y%{W&%\M&%— ST S ——— -\--.-...«.a-;‘“

Forge 1

// Force 3

String foops
Figure: 1.4 concept of equilibrium

In the calculations, it is essential that the masge converted to weights
in Newton, What can you say about forces when ngths moving?
Notice that when nothing is moving it does not m#@re are no forces
acting. It means things are in equilibrium. In éduium the total (net)
force is zero. What do your observations tell ytwowt the relationship
between the three forces acting on the ring? Letestts draw a diagram
showing the force vectors on the ring as arrowskéviae length of each
arrow proportional to the strength of each foraa. &ample,1 cm per 1N
might be a reasonable length scale.




Concluding Activity:

Provide the class with a quiz and have quick checkee if they have
understood the concepts introduced in the less@tudlents have trouble
with the quiz, let them reread their textbook, #sdir teacher for help, or
discuss the material with a fellow student. A sienphd yet useful and
helpful quiz may look like

Q1. List four quantities that are represented hgtors.

Q2. A ship sails northeast at a speed of 100n¥sdiocity is V. What
direction and speed would a boat with a velocitgtoe—V have?

Q3. A minibus travels from Addis Ababa to Gondarotigh Dessie
town. A bus travels from Addis Ababa to Gondar bkirtg the
route through Bahirdar .Do these two journeys hapal
displacement vectors?

Q4. If the total force acting on an object is zatoes the object has to
be at rest?




Objectives:

Represent vectors by its angle and magnitude.
Interpret a vector expressed by its angle and miadgi

By defining a vector by its angle and magnitudes thagnitude and
direction of the vector are stated separately. & kitometers due north is
an example. “Three kilometers” is the magnitude &ndrth” is the

direction. The magnitude is always stated as atipesvalue. Instead of
using “compass” or map directions, physicists usgles. Rather than
saying “three kilometers north,” a physicist wouiely say “three

kilometers directed at 90 degrees.”

The angle is most conveniently measured by plathiegvector’s starting
point at the origin. The angle is then typicallyasered from the positive
side of the x axis to the vector.

You see a car traveling northwest, with a vectalidating its velocity.
Defining a vector by its angle and magnitude is oray to describe a
vector. This notation states the two quantities ¢initade & direction)
separately. Magnitude is the first part of thisatioin. In this case, it
would be the speed of the car.

After magnitude, we need an angle to tell us whigy to go. This gives
us the direction of the vector, in this case theeadion of the car’s
velocity. In polar notation, the angle is measuredh the positive x axis,
as illustrated by the arc. An angle of 0° pointseclly to the right.

Positive angles are in the counter-clockwise dioect Because the
direction of the car is to the northwest (up anthmleft), the value of the
angle is between 90 and 180 degrees - to be préds@ositive 135°.




For magnitude we use the letter v, since we atanglabout velocity
here. (For other quantities, other variables wolokd appropriate.) For
angle, we use the Greek letter(theta). This is a common symbol for
angles; you will see it often.

The way to write a vector in polar notation is (¥, in parentheses. First
the magnitude (or length) of the vector is writtand then its direction

Let students attempt this question to express acitgl vector in polar
notation.

135°




add or subtract vectors using the component method

State what the components of a vector are, andtbawge them in
calculations.

Identify Using components makes it relatively es&syo various
calculations involving vectors.

Starter Activity:

In the preceding lessons we combined vectors geafj but it is not an
especially good way to find quantitative results.this section we will
introduce a coordinate description of vectors thidit be the basis of an
easier method of for doing vector calculations

We added vectors by using a scale diagram and img ysoperties of
right triangles. Measuring a diagram offers onlyyvémited accuracy,
and calculations with right triangles work only whthe two vectors are
perpendicular. So we need a simple but general odefor adding
vectors. This is called the method of components.

To make the component method easy to understahdjsleapply the
analogy with a dance class, engaged with a prepardab win the
Ethiopian Idol contest.. Ask the class if they haver attended the dance
class so that they may also help you.

If you were a dancer or a cheer leader you woukllyeanderstand the
following choreography: “Take two steps forwardufesteps to the right
and one step back”. Note that these are vectomctgins. If asked how
far forward are after this dance move, you would “eme step”, which is
two steps forward plus one step back Assist stgdentealize that their
progress forward or back is unaffected by stepthéoright or left. You
correctly process left or right and forward or baeparately.

Main Activity:

Frequently what we know, or want to know, aboutaatipular vector is

not its overall magnitude and direction, but howifaxtends horizontally
and vertically. On a graph, we represent the hateadirection as x and
the vertical direction as y. These are called Gatecoordinates. The x




component of a vector indicates its extent in toezontal dimension and
the y component its extent in the vertical dimensio

To define what we mean by the components of a veégtave begin with

a rectangular (Cartesian) coordinate system of #ka&gl.5.). We then
draw the vector with its tail at O, the origin bktcoordinate system. We
can represent any vector lying in the xy-plane hes sum of a vector
parallel to the x-axis and a vector parallel to ykexis. These two vectors
are labelled Aand A" in Fig.; they are called the component vectors of
vector A, and their vector sum is equal to A. Imbyls,

A=A, +A,

Since each component vector lies along a coordipete direction, we
need only a single number to describe each one.nWne component
vector A points in the positive x-direction, we define tinanber A to be
equal to the magnitude ofitAVhen the component vectok Aoints in the
negative x-direction, we define the number & be equal to the negative
of that magnitude (the magnitude of a vector qians itself never
negative). We define the numbey A the same way. The two numbers
Ax and A, are called the components of A. (Fig.1.5)

-~ The components of A
e )|’ E

-
F

Figure: 1.5 Components of a vector




Common misconceptionsComponents are not vectors

The componentsy andA, of a vectorA are not vectors themselves. This
is why we print the symbols for components in ligiatic type with no
arrow on top instead of the boldface italic with arrow, which is
reserved for vectors.

Let students beware of the confusing terminologyaAd A component
vectors, where as,fand A simply components. Make sure that you do
not put arrow symbols over the components.

Concluding activity:

It is often convenient to replace a single vectpitwo component vectors
.For example we may imagine a cupboard on a roatyhkmulled by a
woman using a rope inclined at an angte to the road and exerting a
force F as shown below in the figure

We may resolve the force F into two componentdgiit rangles to each
other, K along the Road andylperpendicular to the road. We see at once
if the law of vector addition is applied,

F=Fx+Fy
ACTIVITY:

a) Two vectorsA andB can be added together using a scale diagram
.Draw lines from the same point O in the correceclions and with the
correct lengths according to the scale chosenafatv heads on the lines
representing the vectors.

b) Complete the parallelogram and draw the diagdnain O.The
diagonal represents the vector sum (Resultant)s; @ vector which has
the same effect & andB acting together




Let the teacher provide students with following gien questions and
confirm their understanding

Q1. Write the vectors labeléd B andC with rectangular coordinates.

Q2.  Write the vectors labelddwith rectangular coordinates

Give students a reading assignment on the apgicati vectors so that
before coming to class, students are required dd related articles on
reference materials as well as corresponding sectiothe textbook.




Describe the composition and resolution of vectmd some of
their practical applications.
Identify the condition of equilibrium.

Starter Activity: Having previously assigned the reading of the airags
homework, initiate the class work by a discussibthe problem. Follow
this with a consideration of force vectors acting’aand 188.Emphasize
the definitions of components, resultant and elraht; then continue by
the discussion and demonstrations listed below.

Main Activity Demonstration to verify the parallelogram law

This experiment is carried out by applying threecés to a point and
adjusting them until they are in equilibrium. Whey are in equilibrium,
their sum (as vectors) must be zero. The sum oftayof the vectors
must then be equal and opposite to the third, tkentlae total sum of all
three zero.

We use the parallelogram law to find the resultznivo of the forces in

the experiment, and show that this resultant isabgqu magnitude and

opposite in direction to the third force. This peswthat the resultant found
by the parallelogram law is the sum of the two vesct especially when
the experiment is repeated several times and dasineisult is found each
time.

Q.M F2 @
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Worked Example:

Find the x-and y-components of vector A =6 unitsveh in the figure
below. Assume that vector a make§ &th the X-axis

First decompose vector A into components paradl¢hé axes. The vector
A=6 units ,38 below the negative x-axis, points to the left @age x-
direction)and down(negative y-direction).So the poments A and A
are both negative.

A, =-Acos 30=-(6 units) cos 3%-5.2 units
A, =-Asin30 =-(6 units) sin 3b=-3 units

Vectors are also useful and helpful in describiagigation. For example,
an aircraft pilot makes use of the displacementorewhen he states his
position, and velocity vectors and laws of vectddiion when deciding

upon the direction to head the aircraft in orderatoive at a given

destination

Note to the teacher on vectors:Vectors as things to be added by
geometrical and analytical means seem clear, usefililhelpful things to
matured and motivated students. The students wtonfieet vectors at an
early stage in physics may find them odd and diffcand almost
impossible to understand. Since the sense of diffic disappears
completely as time goes on, we urge teachers npitetss any discussion
on vectors beyond what seems sensible to theiestadt each age.




Define the term pressure.
Use a wide variety of units for measuring pressure.

Starter Activity:

Elicit students’ idea about pressure. It is a witrely all know and use.
They might have a commonsense idea of what pressuteet students
state the difference between pressure and force. &am also use the
following example as a starter:

It matters which way up a thumb tack (a drawing) i when you sit on
it. In this section we see how the effect of a éodepends on the area over
which it is applied. The effect of sitting on a thio tack is much greater in
figure 2.1a than it is in figure 2.1b.In each cHweforce is the same, but
the area of contact is much smaller in figure 2hba it is in figure 2.1 b.

L
3y

H

thumb \\
-~ _ tack 't\

Figure: 2.1a




[ thumb \J
[ tack

Figure: 2.1b

Relate this example with tractors having wide tyoédarge diameter to
prevent the wheels from sinking far into soft groufhe wide tyres
spread the weight of the tractor over as largeraa as possible.

Main Activity:

Let students in groups try this activity: A flaguare piece of wood of
area 1crhis placed on damp sand and a force of 10 N iseppb the top
of it. This creates an indent (mark in the surfatsomething) in the sand
.Then take another square wooden piece of ared dacmh a force of 10N
is applied. This time, the indent is less deephdf force is increased to
40N; the dents are about the same. That is a fufrd®N spread over an
area of 4 crhhas the same effect as the force of 10N spread beef.

A special name is given to the force acting on anda. It is called the
pressure: Perpendicular contact force divided ey shrface area over
which the force acts.

force
area

Pressure =

P=F/A
P = pressure
F=force

A=surface area

Units: Pascal (Pa), Newton/meter

+6



The Pascal is an Sl unit for pressure; one Paspalle one Newton per
square meter.

A pressure of 1 Pa is a small pressure. It is teght of about 100g
spread over the area of inSometimes a larger unit, N/ éns used.
Because there are 10000%m1nt.

1Pa=1N/nf
1N/c? =10 000Pa

Stress the fact that pressure is a scalar, notctoiveMake a clear
distinction between force and pressure. There iglinection associated
with pressure, but the direction of the force agded with the pressure is
perpendicular to the surface upon which it is @ctinThus it is incorrect
to say, for example, that the pressure at the botiba beaker of water
acts downwards on the bottom of the beaker orpttestsure in a fluid acts
in all directions. It is the force which is assaewith the pressure which
is the vector quantity and acts in a particulaectiion. Thus the water
exerts a downward force on the bottom of the beakea result of the
force of gravity acting on the water; at a partcupoint in a fluid the

forces exerted by the water is the same in allctioes, i.e. the resultant
force is zero.

As an illustration of the distinction between press and force, let

students in groups try this simple activity: comsidhe two blocks in

Figure below. The blocks are identical, but on@dsaon its end and the
other on its side. Assume the two blocks stand amatress, so that you
can observe the amount of distortions producecth Blwcks are of equal
weight and therefore exert the same force on tinse; but the upright
block exerts a greater pressure against the suifabe block were tipped

up so contact is on a single corner, the pressatddabe greater still.

Figure: 2.2: Although the weight of both blocks is tame, the upright block exerts
greater pressure against the table.

Invite students for discussion and elicit theiriargnts on this question:
Suppose you are standing directly behind a youdyg {@ho steps back




and accidentally stamps on your foot with the hmelone shoe. Would
you feel better of the person if that person were:

« A large professional basketball player wearing kaesa
« A small and thin woman wearing high-heeled shoes

Assist and support students in releasing that dpidated shoes
concentrate almost all the weight of the lady ozevery small surface
area, and can exert a pressure large enough taggamn&ause pain.

Concluding Activity: Recapitulating the core points of the lesson gevi
the class with a quiz and have quick check to sdey have understood
the concepts introduced in the lesson. If studéatge trouble with the
quiz, let them reread their textbook, ask theichea for help, or discuss
the material with a fellow student. A simple and weeful and helpful
quiz may look like:

Q1. Stand on a weigh scale and read your weighenAjtou lift one
foot off so you're standing on one foot, does #mding change?
Does a scale read force or pressure?

Q2. You know that a sharp knife cuts well thanu#l &nife. Do you
know why this is so?

Q3.A thumb tack is squeezed between the fingertla@dhumb as shown
in the figure. FigureWhich experience the greater pressure, the thumb or
the finger? Be careful not to hut yourself!

Bl
—s

Confirm students’ understanding by comparing theplies with the
following correct answers:

1. The weigh scale measures force, not pressure acaliisated to
read your weight. That is why your weight on thaleds the same
whether you stand on one foot or both.

2. A sharp knife cuts well than a dull knife becaushas a thinner
cutting area which results in more cutting pressiearea given
force.

+3



Describe how liquids exert pressure.
State the factors on which liquid pressure depend

Starter Activity: Begin this lesson with a revision on previous ¢@sand
students’ common experience in swimming.

A liquid contained in a vessel exerts forces agaims walls of the vessel.
To discuss the interaction between the liquid ahd tvalls, it is
convenient to apply the concept of pressure.

You experience pressure when you swim. If you dieep under the
water, you can feel the water pushing against ydh wore pressure,
more force per square meter of your body. The degpe swim, the
greater the pressure. What causes this pressue8imply the weight of
the fluids directly above you—water plus air—pusghiagainst you. As
you swim deeper, there is more water above yourefbee there's more
pressure. If you swim twice as deep, there is twiee weight of water
above you, so the water's contribution to the presgou feel is doubled.
Because air pressure near the Earth's surface adyneonstant, the
pressure you feel under water depends only on le®p glou are.

Main Activity: Students have a common misconception that liquid
pressure depends on surface area. Remove this nogg@ion using an
investigation experiment approach.

Let students observe water squirting out from aaiaer through holes at
different depths. Students need to make inferermemose a hypothesis
and plan an experiment to verify the hypothesisstHet the teacher show
the demonstration and then assign students to @atythe activity in
groups.

Use a hammer and a nail to make three holes adahee size in the side
of the can .Hold a piece of wood inside the canrelypu are making the
holes. This helps you to make the holes lie inréicad line but at different

distances from the bottom

Fill the can with water, and watch the water flowt of the holes.




Figure: 2.3 Water pressure acts perpendicular to the sidesontainer, and increases
with increasing depth

Demonstrate also the following simple activity towow the direction of
the pressure:

Use a plastic bag without any holes in it. Filwith water and tie up the
opening so that water cannot get out.

Stick a pin through the bag, and gently squeezebtte .The pressure
causes the water to flow out and it comes outghit iangles to the surface
even if the hole is on the top surface of the gt in more holes in
different positions and observe.

Notice that when liquid presses against a surféoere is a net force
directed perpendicular to the surface. Althoughsguee doesn't have a
specific direction, force does.

Concluding Activity:

Provide assistance and guide students to arritheedbllowing concluding
remarks:

The pressure pushes the water out of the holes.widter comes out
fastest from the lowest hole, where the depth dfew#s greatest. This
implies the pressure is greatest where the deptlatdr is greatest. Notice
also that the water comes out of the holes at aglles to the surface of
the can before gravity pulls it downwards. It cievedownward due to
gravity

+<



Derive the equation of the pressure at a deptHiguéal
Calculate the actual /total pressure at a poiatliquid

Starter Activity: We use the concept of forces in equilibrium toivder
the equation for pressure in a liquid. The ligusdaissumed to have a
uniform density , no matter what its depth.

Main Activity: The figure2.3 belowshows a liquid in a containefhe
column of water extends from the surface of thaitigdown to the depth
where the pressure is to be determined. It hashhéigand its bottom
surface has area A. The mass of the liquid in thenen is m.

In a container of liquid, the pressure at any po@sults from the weight

of the liquid above that point and the weight of #atmosphere, assuming
that the container is open to the atmosphere. Tésspre resulting from

the weight of the liquid alone is known as the gaygessure. So the
actual pressure at a particular point in a ligsdequal to the gauge
pressure plus the atmospheric pressure. In praetves though it may not

be explicitly stated, it is the gauge pressure wismormally in question.

A
)

=
\b

Figure: 2.4 pressure at a depth in a liquid

Two forces act on the column. The pressure P oflithed below the
column presses up on its bottom surface with aefétd. Gravity acting
on its mass pulls it down; the magnitude of thiscéois the column’s




weight, mg. We assume that the liquid is static,ws know that the
column is not accelerating in any direction.

Variables:
mass of column m
acceleration of gravity g
pressure on bottom surface P
area of bottom surface A

density of liquid
height of column h

Strategy:

Since the column is not accelerating, the net faci#ng on it must be
zero. This means the forces acting on it must supeto.

Use the definitions of density, weight and volunee rearrange and
simplify the equation that sums the forces to zero.

Physics principles and equations: The pressure themrea A is due to
the weight of the liquid above it.

Newton’s second law
F=ma
The definitions of pressure and weight
P =F/A weight = mg
The definition of density
=m/V
The volume of the column equals the area of ite bases its height

V=Ah




Step-by-step derivation

Since the column of liquid is not accelerating, Navis second law
implies that the upward and downward forces ometegual

1. F=ma=0 Newton’s 2nd law; column not @etcating
PA+(-mg)=0 definitions of pressaral weight

PA =mg rearrange

PA = ( Ah)g definition of density

P= gh gauge pressure

I:)actual:Pgauge"'l:}atm = gh + Rm

It is important to note that only the depth beldw surface of the liquid of
density is involved; the shape of the vessel areddfea of the liquid
surface are not involved in the pressure at aleréfore, the factors on
which pressure in a liquid at rest depends on aresity of the liquid,

acceleration due to gravity, and depth of the tqui

Concluding Activity: A few words on the units of pressure are in order.
We have stated that the units of pressure are NImi&. combination of
units is given a name. It is called the Pascaliabated Pa.

1 Pa = IN/nf

Pressures are often quoted in terms of the nom&lall pressure, the
atmosphere, abbreviated atm and defined such dhathe average, the
pressure of the earth’s atmosphere at sea levklasn. In terms of the
Pascals,

1 atm = 1.013x10 Pa

The big mistake that students make in applying egougd P = B+ gd) is

to ignore the units. They’ll use 1 atm fay &d without converting that to
Pascals; they’'ll add the produagh to it. Of course, if one uses Sl units
for , g, and h, the productgh comes out in N/m2 which is a Pascal
which is definitely not an atmosphere (but rathabout a hundred-
thousandth of an atmosphere). Of course one cdd'taavalue in Pascals
to a value in atmospheres. The way to go is to edrthie value of fPthat
was given to you in units of atmospheres, to Pasaald then add the
product gh (in Sl units) to your result so that your fisalswer comes out
in Pascals.




To confirm whether students distinguish the diffeee between gauge
pressure and absolute pressure; let them solviollbeiing problem in 5
minutes.

What is the gauge pressure inside the bottom ofathie due to the weight
of the water alone? What is the absolute pressockiding atmospheric
pressure, pressing down inside the bottom?




State the Pascal’s principle
Perform an activity to demonstrate Pascal’s priecip

Starter Activity:

Start the lesson with a short summary of the previtesson as-the
hydrostatic pressure in a liquid depends only endiapth and the pressure
at the surface .We see some important implicatafnthis observation.
The equation:

Pactual :Pgauge"'Patm = gh + Pum

Implies that, if the pressure on a liquid is inGe@d, perhaps by fitting a
piston and pressing it down, the pressure at apyhdi@ the liquid will
increase by the same amount. This is the basiasifdPs principle.

Main Activity: An enclosed fluid transmits pressure unchangede keu
see two blocks of differing masses. The same fuigports both masses
in a state of equilibrium. Why? Because the pressigr the same
underneath both masses. The more massive blociserere downward
force than its counterpart, but it exerts it ov@raportionally greater area.
This means the pressure is the same on both sides

Fi

) ,50kg

F

Figure: 2.5 An enclosed fluid transmits pressure unatng

Fluids transmit pressure uniformly in all directsorsince the system is in
equilibrium, the downward pressure exerted on toa fby the small
block equals the upward pressure exerted by the én the large block.
The fluid also exerts pressure on the sides ohytaeaulic system.




Concluding Activity: We can draw a conclusion from the hydrostatic
pressure equation-

P=R+ gd
Where:

P is the absolute pressure,
Po is atmospheric pressure
Py= gdis the gauge pressure, and

If we change the pressurg & the surface toiPthe pressure at depth d
becomes

P=Py+ gd

The change in pressugP = p,— p, is the same at all points in the fluid,

independent of the size or shape of the contaifbi®idea, that a change
in pressure at one point in an incompressible fapgears undiminished
at all points in the fluid, and is call&hscal’s principle.

This is the basis of many hydraulic devices. F@negle, braking systems
of cars; in fork-lift trucks; in tractor systems) car jacks; in lifts, etc.
Essentially a small force applied over a small afea piston can generate
a larger force elsewhere in the system utilizingrger area.

A connected liquid in hydrostatic equilibrium risiesthe same height in
all open regions of the container.

The pressure is the same at all points on a hdakdme through a
connected liquid in hydrostatic equilibrium.

Demonstration: The figure below shows two connectebes .It is
certainly true that the larger volume of the ligindthe wide tube weighs
more than the liquid in the narrow tube. Studenighinthink that this
extra weight would push the liquid in the narrovedihigher than in the
wide tube .But it doesn'’t .If dwere larger than g then according to the
hydrostatic equation, the pressure at the bottotheharrow tube would
be higher than the pressure at the bottom of tlie wibe. This pressure
difference would cause the liquid to flow from thght to the left until the
heights are equal




I
. | o ¢
i =

Figure: 2.6

We suggest that the teacher should give a demdnostraf Pascal's
principle and then ask students to experiment augs to feel the pressure
of a liquid.

You need a small and a large syringe that are goyea plastic or rubber
tube. Remove the pistons from the syringes andifél tube and barrel
with water. Put back the large piston, and pustully into the barrel.
Then insert the small piston into its barrel. Tihistem should now be full
of water.

Press on one of the syringes while holding younthwn the piston of the
other to stop it moving. What do you notice abtet forces?

@1\\‘@&:}96 syringe ater

barrel

piston

Figure: 2.7




Try it also the other way round.

Elaborate to the class that the braking systerhetar is like the syringe
experiment. Of course oil is used instead of wafédre oil is called
hydraulic fluid. A brake cylinder has a large aragpedal cylinder has a
small area. This implies that the force on the érigkmuch larger than the
force needed to press the pedal cylinder.

After this demonstration and thorough discussionpodssure due to
liquids; let students proceed to attempt to give ¢brrect answer to the
following concept test question. Confirm their urslanding and give
support and assistance if there are any confusioambiguity.

Q. Water is slowly poured into the container umiié water level has
risen into the tubes A, B, and C. The water dodasowerflow from

any of the tubes. How do the water depths in theethcolumns
compare to each other?

A. da >dg >dc
B. da <dg<d-
C. dA: dB :Ck
D. da =dg >

Water
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state Archimedes’ principle
describe what is meant by the buoyant force

Starter Activity: start the lesson asking students what will hapieen
objects submerged into the liquid. Let them predict

If you take an object in your hand and let subreeitte object in still

water, and release the object from rest, one @ethihings will happen:
The object will experience an upward acceleratiod laob to the surface,
the object will remain at rest, or the object vakperience a downward
acceleration and sink.

Or you may prefer to listen to their experiencdifimg heavy submerged
objects.

Anyone who has ever lifted a submerged object dwvader is familiar

with buoyancy, the apparent loss of weight experenby objects
submerged in a liquid. For example, lifting a largek off the bottom of a
riverbed is a relatively easy task as long as tlo& 1s below the surface.
When it is lifted above the surface, however, tred required to lift it is

increased considerably. This is because when fttle isosubmerged, the
water exerts an upward force on it that is exagglposite to the direction
of gravity's pull. This upward force is called thaoyant forceand is a

consequence of pressure increasing with depth.

Main activity: What causes buoyancy? Figure 2.8 shows why the
buoyant force acts upward. Forces due to waterspres are exerted
everywhere against the object in a direction petjmenar to its surface—
as shown by the vectors. Force vectors againssithes at equal depths
cancel one another—so there is no horizontal budypace. Force vectors
in the vertical direction, however, don't cancekd3ure is greater against
the bottom of the rock because the bottom is dee€perupward forces
against the bottom are greater than downward foeggsEnst the top,
producing a net force upward—the buoyant force.

As shown in the figure2.8a below; a rock floats water. The water
exerts pressure forces round the rock .The totalebreffect of all these




forces is a force upward on the rock, the up thustyant force. The rock
floats at a depth where the buoyant force balatieeweight.

"% B

Figure 2.8a: Buoyant force on a body immersed in adiqui  Figure 2.8b

The net pressure-times-area force (are on whfolnca acts) on an object
submerged in a fluid is upward because of thetfadt pressure increases
with depth. The upward pressure times-area forcgéhenbottom of an
object is greater than the downward pressure-tianea-force on the top
of the object. The result is a net upward forceaoy object that is either
partly or totally submerged in a fluid. The forsecalled the buoyant force
on the object. The agent of the buoyant forceadltlid.

A piece of iron in water also has pressure foraasd it. There is an
upthrust because the pressure forces under thk ateqyreater than those
on the top. (Figure)But the upthrust is less thenweight of the iron and
the iron sinks. For it to float the density of thiglect must be less than the
density of the liquid.

Figure: 2.9

Emphasize that the buoyant force is always upw&a.why on earth

would the object ever sink? The reason is, of ayuisat after you release
the object, the buoyant force is not the only faceng on the object. The
gravitational force still acts on the object whée bject is submerged.




Recall that the earth’s gravitational field pernesaeverything. The key
guestion is whether the object (released fromireite fluid) sinks, stays
put, or bobs to the surface, is determined by hosvrhagnitude of the
buoyant force compares with that of the gravitadldorce. If the buoyant
force is greater, the net force is upward and thjead bobs toward the
surface. If the buoyant force and the gravitatiofate are equal in
magnitude, the object stays put. And if the gramtaal force is greater,
the object sinks.

You can also demonstrate the Cartesian diver exgat to show the
equilibrium condition for a body immersed in a fluiThe test tube is
placed in a long glass vessel filled with water sdn@pening is covered
with an elastic membrane. The test tube is pailtgdfwith water and its
remaining part contains some air. When the elasgmbrane is pressed
the air pressure above the water in the vessel tageéther with it, the
pressure in the water itself increases. The airtha test tube is
compressed, the volume of the water displaced bydbt tube decreases
and the test tube moves downwards to the bottonerthe pressure on
the membrane is decreased the test tube moves astkwlhe pressure
on the membrane can be regulated so that theutestis made to move in
any upward or downward direction or to occupy artgrimediate position
between the bottom and the membrane.

~——>

Figure 2.10: A Cartesian diver

Concluding Activity: Buoyancy is a familiar phenomenon: A body
immersed in water seems to weigh less than whenint air. When the
body is less dense than the fluid, it floats. Thenhn body usually floats
in water, and a helium-filled balloon floats in.aftrchimedes's principle
states: When a body is completely or partially imsed in a fluid, the
fluid exerts an upward force on the body equah® weight of the fluid
displaced by the body.




Keep reminding students that Archimedes’ princgde also be applied to
gases and cite example as:

When a balloon floats in equilibrium in air, its iyt (including the gas

inside it) must be the same as the weight of tmed&placed by the

balloon. . A fish's flesh is denser than water, gdish can float while

submerged because it has a gas-filled cavity witisitbody. This makes
the fish's average density the same as waters seitweight is the same
as the weight of the water it displaces.
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Use the Archimedes’ principle to solve problems
Develop the problem solving skills.

Example:This piece of wood weighs 43 N, and it displac€980 ni of
water. What is the buoyant force on it?

Figure 2.11: a floating block of wood
First let us find the weight of the displaced water

Then we multiply the density of the displaced wadbgrits volume to
determine its mass, and then gyto determine its weight. This is the
magnitude of the buoyant force, which is direct@d Since the buoyant
force is less than the weight of this chunk of extely dense wood, it will
sink.

m=V

m = (1000 kg/r)(0.0030 )
m= 3.0 kg

mg = (3.0 kg)(9.80 mA = 29 N
F =29 N, directed up

Concluding Activity:

After you make a summary of the lesson, have stsdayme up with the
solution of the following problems on buoyandf/students have trouble
with the problems, motivate them to take more pcacton solving
problems, ask their teacher for assistance andagoel or discuss the
material with a fellow student.




1) What is the buoyant force acting on a stone hasaingass of 3 Kg
and submerged in water if the density of the stisng.4X 10
Kg/m>?

2) An ice cube floats in a glass filled with water. &¥will be the
change in the level of water after the ice has edélt




Identify gases exert pressure
Show the strength of atmospheric pressure with some
demonstrations

Starter Activity: Let us have a peek on gases, measure pressutes an
speculate about the mechanism of gas pressurestéddé&nts what makes

air press on things, or how air press on things, l@ave the question
unanswered until further study of air pressure. Rdrstudents that gases
do press on things strongly and do move easily.

Let students perform the following simple activishut your mouth and
puff off your cheeks and feel your cheeks with ydmgers .Feel the

lightly compressed air in your chest driving outolgh your mouth and
nose when you breathe out .Or they might have heardon dioxide

bursting out from a bottle of soda water. Gasesmake a considerable
pressure on anything that holds them.

Main Activity: Let the teacher demonstrate these experimentbdw s
that the atmosphere exerts a pressure.

1. Fill a glass to the brim with water .Slide a caxetiothe top so that
there are no air bubbles in the glass. Turn thesglgside-down,
using your finger to keep the card pressed agaimst glass
Figure). Then takes your finger away. The liquigsioot fall out.
The pressure of the atmosphere is large enougbdp the card in
place.

I

Figure 2.12:




2. You need a rubber sucker as shown in the figure2AI&t the
sucker, and press it against a hard, flat, polishethce. Pressing
the sucker pushes out the air between the suckkthensurface.
The air now presses mainly on the outside of tlokesu Attach a
string to the sucker if possible. Use a spring h@ato measure the
force to pull the sucker from the wall. If you meeesthe area of
the sucker, you will be able to work out a valug fihe
atmospheric pressure.

&

sucker

H

e
e
Figure 2:13: A rubber sucker

3. Put some water in a can and heat it as stronglypassible
(Figure2.14).Keep it boiling quickly for a few mites so that the
steam pushes out most of the air inside. Take dliece of heat
away and cork the can firmly. Let the can cool iAsools, the
steam inside turn back into liquid. Air cannot geb the can and
there is less air inside than before, the air pmesmside is less
than the air pressure outside. The can will coapsder the
atmospheric pressure as the steam inside conderndes.
condensation can be speeded up by pouring coldr watr the
can.




cork

o

heat

Figure 2.14: collapsing can

4. A hardboiled, peeled, egg can be forced into a inditle by the
force from atmospheric pressure. Burn a bundle agfep in the
bottle. When the flame is established stronglyckiyi place the
egg in the bottle’s mouth. It helps to moisten ¢gg first. As the
air inside is heated it expands, forcing air oouad the egg. Then
as the air cools inside, the pressure drops irthigldottle, and the
egg is pushed inside by the greater air pressursdeu The egg
can be removed by turning the bottle upside dowrnthsoegg
blocks the neck. Then close your lips around thitldd® mouth
and blow into it, creating enough pressure to falmeegg out. It
pops out surprisingly quickly, so be ready to catchote: Avoid
any explanation you may have seen in books whigblwes the
flame “using up oxygen” in the bottle, for such peeses have
negligible effect on the pressure in the bottle.

Note to the teacher:If students wish to try the third activity as antm
experiment; they should be warned that most cyiiadircans withstand
atmospheric pressure, so that a rectangular candshe used.

Concluding Activity: Provide the class with a quiz and have quick check
to see if they have understood the concepts intediun the lesson. If
students have trouble with the quiz, let them rrereeir textbook, ask
their teacher for help, or discuss the materiahvétfellow student. A
simple and yet useful and helpful quiz may loolkelik

Explain in terms of pressure, how you are ablertokdMango juice by
using a straw?-




Acquaint themselves with pressure gauges andfilngtions
Measure gas pressure using a manometer

Starter Activity: Begin the lesson introducing what is meant by a
manometer. Aropen-tube manometer, a device for measuring the gauge
pressure of a gas confined in a vessel. The vésaetontains the gas is
connected to a U-shaped tube partially filled witercury and open to the
atmosphere at its far end. This apparatus allowsipists to accurately
determine the gauge pressure of the gas.

Main Activity: Discuss thoroughly how it operates and functiomgisi
fine illustrations.. This is a device called an febe manometer. For a
given pressure in the spherical vessel, the heifgtite column of mercury
on the right rises or falls until, with the help aimospheric pressure, it
balances the vessel pressure. The total pressartedon the right is the
pressure exerted by the column of extra mercunys fie pressure of the
atmosphere on top of it. This total pressure baartbe pressure inside
the vessel

Pél[l'ﬂ

Mercury
Figure 2.15: A manometer

In this illustration you see the quantities asseciavith a manometer. The
equation states that the presskraside the vessel equals the atmospheric
pressurePam plus the pressuregh exerted by the extra mercury on the
right. The pressure inside the vessel is #iesolute pressure.The
pressure exerted by the extra mercury on the rigtitegauge pressure.

If the pressure of the gas in the vessel falls wedtmospheric pressure,




then the mercury column on the right will be shottean the one on the
left, h will be negative, and the equation will still hold

Group the students in the class and let them ddadll@ving activity to
measure the pressure of the gas supply.

1. You need a U-tube (manometer) with sides 30cm Idhg. U-tube
manometer can be made of transparent plastic, eg:¢ara board.
Attach a rubber tube to one side .Half fill the mareter with
water (colored with dyes) and hold it so that tises are vertical.

2. Connect it to the gas supply, possibly to your rhouising the
rubber tube and the difference in levels in the onagters is
measured.

3. Let students measure their lung pressure by blowingthis
manometer

For the sake of hygiene, each student should $itown rubber
tubing to the manometer.

R =

Figure 2.16: A U-tube manometer

Note that water can be used in manometers, but ot much use for
large pressures. Since water is not a very dewsgdlilike mercury, h
becomes very big. Mercury is a good liquid to usegreater pressures.

Concluding Activity: This activity is intended to extend the students’
experience of pressure and in particular to giveoojnities to measure
and compare pressures. Stress the point that #esyme difference is
proportional to the depth of a fluid to measure nown pressures. Ask
students about the pressure in the automobile taeck their
understanding. If the do not give the correct amsgrevide them with
immediate correction as-The pressure we measutteeimutomobile tyre
is gauge pressure. When the tyre is completely tha&t gauge pressure is




zero. The absolute pressure P is obtained fromgthege pressure by
adding atmospheric pressure to it.

P=Pyauget Patm




State what is meant by a barometer
Describe how a barometer measures atmosphericupeess

Starter Activity: Start the lesson asking this question —“Well, & #ar
does press on everything, could we use the U-tuime raercury to
measure the atmospheric pressure?”

If students do not know what to suggest, point that the U-tube
pressure-gauges had two pressures, one on eagclh&ideng pressure on
one side and the atmosphere on the other side-aggdian the moment
that the atmosphere is with us and does pressimgsth

Main Activity:

Instruments used for measuring the pressure oatimesphere are called
barometers You can make a simple barometer using a thicksgtabe
longer than 76 cm closed at one end as illustratdelgure .It has to be
filled with mercury, so you must wear gloves, asreugy is poisonous.
Fill the tube with mercury, holding it over theréyou can pour mercury
using the funnel) until it is nearly full at theepend. Tap it gently to get
rid of air bubbles, and add more mercury it is ctatgly full. Close that
end with a finger so that there is no air in theetand air cannot enter it..
Hold a finger on the top and invert into the trou@o not remove the
finger until the end of the tube is below the scefaThe mercury level
falls to the height “h”.No air has entered the tudned so the space above
the mercury in the closed tube is a good vacuunid He tube in a clamp
and measure the height. The height h therefore unemshe atmospheric
pressure. Now you have a barometer which measur@®spheric
pressure in cm /mm of mercury.
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Figure2.17: A mercury barometer

The barometer is calibrated in millimeters. Thegheh of the column of
mercury is typically about 760 mm at sea level.dg¥inition, the pressure
exerted by 760 mm of mercury, also called 760 tequals one standard
atmosphere of pressure.
In practice, pressure is often measured in milleretof mercury
(mmHg),a unit called theorr. The various units of pressure are related as
follows:

1 atm=760mmHg=760torr=1.01X10Pa

Other units commonly used on weather maps arbahand themillibar ,
which are defined as

1 bar=1000millibar=10°Pa
Concluding Activity
A barometer works by having the pressure of a colwha fluid, often
mercury, balance the pressure of the atmospherdeatsurface of a

reservoir

Provide students with appropriate questions to kltleeir understanding
as:

1. The figure below shows a simple mercury barometer.

) What occupies the space labelled X? and




i) Copy the diagram and show on it the distance whaztid
be measured to find the atmospheric pressure.

180
— scale calibrated
PR E from 0 cm to 80 cm
X—1 [
- clamp
glass tube -
mercury —
reservoir -
0

!

2. The average (gauge) pressure in the aorta is about
100mmHg.Convert this average blood pressure toaPasc

6+



Define the term temperature
Distinguish between the terms temperature and heat

Starter Activity: Open the discussion by pointing out that everybisdy
familiar with idea of temperature. Elicit studenbgickground knowledge
about temperature. You hear the word used every @ihgn use the
following analogies to make learning easy: Mass isneasure of the
amount of substance in a system. Velocity is a oreasf how fast a
system moves .Acceleration is a measure of howfstity is changing.
But just what is a temperature a measure of ?

Temperature is an indication of the hotness of sbimg. We can tell by
touching an object whether it is hot or cold. Hoee\this is a subjective
judgment, and is not very reliable. Let us use rapte experiment to
demonstrate this. Take three basins of water, dadting the same
quantity of liquid, but one containing hot water,sacond containing
lukewarm water, and the third one cold water. Plaige hand in the hot
water, and the other in the cold water. Leave tliema few seconds.
Now, put both hands together into the basin ofWween water, and notice
that both hands give different messages. The Haatdcame from the hot
water now feels cold, whereas the hand taken otiietcold water feels
warm.

We cannot rely on our skin as an accurate way @soneng temperature.
The physiological sensations registered by receptorour skin depend
largely on their immediate past experience, asettperiment illustrates.
So, we need thermometers with suitably definedescé&br the reliable
measurement of temperature.

Rub two sticks together and you will notice that temperature of each
increases. You did work on the sticks and theirperature increased.
Doing work is transferring energy. So you transfdrenergy to the sticks
and their temperature increased. This means thainemease in the
temperature of a system is an indication of anease in the internal
energy (or thermal energy) of the system.




Another way of increasing the temperature of a péisticks is to bring
them into contact with something hotter than thekstare. When you do
that, the temperature of the sticks gradually iases—you don’t have to
do any work on them. Again, the increase in thepenature of either
stick indicates an increase in the internal en@fgthat stick. Where did
that energy come from? It must have come from thigeh object. You
may also notice that the hotter object’'s tempeeatiecreased when you
brought it into contact with the sticks. The desee@ temperature of the
hotter object is an indication that the amount rdgeiinal energy in the
hotter object decreased. You brought the hottezaibp contact with the
sticks and energy was automatically transferrechftbe hotter object to
the sticks. The energy transfer in this case ierrefl to as the flow of
heat. Heat is energy that is transferred from dehaibject to a cooler
object when you bring the two objects in contadhveach other. Heat is
not something that a system has but rather enéagyig transferred or is
being transferred. Once it gets to the system ttwit is transferred we
call it internal energy. The idea is to distinguisétween what is being
done to a system, “Work is done on the system art#at is caused to
flow into it”, with how the system changes as autesf what was done to
it, “The internal energy of the system increases.”

The fact that an increase in the temperature afgect is an indication of

energy transferred to that object might suggest dhgtime you transfer

energy to an object its temperature increasesttsiis not the case. Try
putting a hot spoon in a glass of ice water. (Heeeconsider a case for
which there is enough ice so that not all of treenmelts.) The spoon gets
as cold as the ice water and some of the ice nimitsthe temperature of
the ice water remains the same (0 °C).The coolintpe spoon indicates
that energy was transferred from it, and sincesjp@on was in contact
with the ice water the energy must have been tearest to the ice water.
Indeed the ice does undergo an observable chaoges ef it melts. The

presence of more liquid water and less ice is alication that there is

more energy in the ice water. Again there has lzeé&mansfer of energy

from the spoon to the ice water. This transfemissatomatic flow of heat

that takes place when the two systems are bromghtcontact with one

another. Evidently, heat flow does not always resula temperature

increase




Concluding Activity: After recapping the core ideas of the lesson, let
students attempt to solve the following questiamsh&t you can confirm
their level of understandings.

1. An object has a high temperature when:

A. The molecules of the object get hot

B. The molecules of the object move at high speed.
C. The molecules move at low speeds

D. The molecules are at rest

2. Suggest two reasons why the human body is nottabseidevice
to measure temperature.
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Show how thermometers are calibrated and how Fhabren
readings are converted to Celsius readings, amiwacsa

Starter Activity: Initiate the class by pointing out that wheneveuy
measure something, you are really just compariag sbmething with an
arbitrarily-established standard. For instance, wly@u measure the
length of a table with a meter stick, you are conmgathe length of the
table with the standard meter. In the case of teatpee, a standard, now
called the “degree Celsius” was established aevigli At 1 atmosphere of
pressure, the temperature at which water freezesdefined to be 0 °C
and the temperature at which water boils was définde 100 °C. Then a
substance with a temperature-dependent measutaacteristic, such as
the length of a column of liquid mercury, was ugedinterpolate and
extrapolate the temperature range. (Mark the positif the end of the
column of mercury on the tube containing that mgrauhen it is at the
temperature of freezing water and again when #tithe temperature of
boiling water. Divide the interval between the twarks into a hundred
parts. Use the same length of each of those pargxtend the scale in
both directions and call it a temperature sca\éajerials whose property
significantly and noticeably changes, when heated raferred to have
temperature —dependent measurable characterigingsproperty which
varies continuously as a substance gets hotterbeansed to measure
temperature. But to devise an effective methodro¥iding a temperature
scale some fixed reference points must be agreed.sOch temperature-
dependent property is the length of a mercury calgontained in a glass
envelope.

Main Activity: Suppose you have a mercury thermometer without any
degree marks on its stem. To use it to measuranpetature on the
Celsius scale, you need to have these two tempesatealled fixed
points.

To measure an unknown temperature, we first plaeebtlb in melting
ice, and measure the length of the mercury colu@ail this reading b
The bulb should then be placed in the steam froitngowvater and the
length measured again. Call thigpd.We mark these points on the graph,
and draw a straight line between them. Once we Inaasked the fixed
points on the stem, we can divide the interval eetwthe two marks into
100 equal lengths. Each length can also be added ee 0 °C mark and




above the 100°C mark to measure temperature outsede pointsThis
provides the basis of the ‘mercury —in-glass’ terapee scale.

We can now find an unknown temperature T°C by m&agl. and using
the graph.Concluding Activity: Liquid-in-glass thermometers have the
advantage that they can be used to read the tetapedirectly. Once the
fixed points have been marked on the stem, theespatween them can
be divided into 100 equal lengths and numberedc#vefind an unknown
temperature by seeing how long the lengths when the bulb of the
thermometer is at the unknown temperature.

Have students practice using thermometers as agnasnt. You may
want to review this topic by posing some questi¢gtave some students
in one group use a thermometer to measure the tatope outside during
different hours, such as the morning, afternoom late afternoon. Ask
them how the does the temperatures change? Whyhelp think it
changed? Then have another group use thermometemseasure the
temperature of a cup of water. Add ice cubes analsoe the temperature
again
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Convert Celsius readings to Kelvin and Fahrenlegitimgs.
Derive the expressions used for conversion.

Starter Activity: in this lesson you see thermometers representieg th
temperature scales. You may be most familiar with €elsius scale, but
the Fahrenheit and Kelvin scales are also usechénstiences. This
demands a need to switch from one temperature scaaother. As the
thermometers show, temperature values are diffeseneéach scale. For
example, an average indoor room temperature is €&ffeds on the
Fahrenheit scale, which equals 20 degrees Celsi283015 Kelvin.

Main Activity: The temperature at which water freezes is 0° an th
Celsius scale. The comparable temperatures arensbiovthe other scales.
There are 100 degrees between the freezing anddpibints of water on
the Celsius scale, and 100 kelvins between freeamd) boiling on the
Kelvin scale. This means the units of these twdescare equal. Since the
Celsius and Kelvin scales have the same numbemité between the
freezing and boiling points of water, it takes juste step to convert
between the two systems, as shown in the first@mion formula below.

Since the Celsius and Kelvin systems differ onlytheir zero points,
converting between the two scales is a matter dftiad or subtraction.
To convert from degrees Celsius to Kelvin, you 2d8.15 degrees. To
convert from Kelvin to degrees Celsius, you sulttiae same value.

Tk =Tc+273.15
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Tk Tc Te

37315 K 100°C 212°F Water boils
—[|273.15 K o°C 32°F Water freezes
Kelvin Celsius Fahrenheit

Figure 3.1 temperature scales

The following equation helps you to convert frongoees Fahrenheit to
degrees Celsius.

Tc = (5/9) (Tr ——32)
Te- (9/5) TC+32
Te- Tc + 273.16

Where

Tk=Kelvin temperature
Tc=Celsius temperature
Te = Fahrenheit temperature

Another important concept shown in the illustratienabsolute zeroAt
this temperature, molecules (in essence) ceasengioReaching this
temperature is not theoretically possible, but terajures quite close to
this are being achieved. Absolute zero is 0 K, 2#3:15°C.

Concluding Activity: Confirm students understanding by providing the
class with a quiz and have quick check to seeey thave understood the
conversions introduced in the lesson. If studergehtrouble with the
conversion, let them reread their textbook, do npweetice on conversion
problems ; ask their teacher for assistance andagae , or discuss the
material with a fellow student. A simple and yeefus and helpful quiz
may look like:

1. The temperature of a glass of water increases 2@%C to 30° C
What isAT ?
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10K

273K
293K
300K

OCOw>»

2. Aniron rod is heated from 66.0°F to 280°F. Expréssincrease
in temperature in Celsius.

Convert each of the following temperatures to tithdated scale:

100 K to the Celsius scale;

100K to the Fahrenheit scale;

72°F to the Celsius scale; and
-273.15°C to the Fahrenheit scale.

oCoOw>»




Identify heat as a form of energy
State commonly used units of heat
Identify heat and work are equivalent terms

Starter Activity: Initiate the lesson asking students to state some
differences between heat and temperature, anditiiem them that we
will discuss experiments that led us to the abandort of the caloric
theory of heat and its replacement by an energgrpn¢tation of it. Ask
them whether they have heard of 18th century dsisrthought-that heat
was an invisible, fluid substance called calorioot.

If they are unfamiliar with this idea, you may tiso start this lesson
with the introduction of the caloric theory. In thaloric theory heat was
thought as a substance with fluid-like propertlegou place a hot object
and a cold object together, they evolve toward amnmon final
temperature. Commonsense suggests that “sometfhavgs from the hot
object to the cold until equilibrium is achievedhig “heat fluid” was
called caloric and every object contained caldfitis theory was proven
wrong by Benjamin Thomson. He believed that, ifocal existed, any
object being heated or cooled should change masiseasaloric flowed
into it or out of it. He designed experiments tasttéhis idea and his
findings showed the mass of an object did not ceangny way when it
was heated. He concluded that caloric did not exist heat was not a
fluid.

Main Activity: Careful experiments conducted by Joule found that w
can raise the temperature of a beaker of watemioyentirely different
means:

1. Heating it with a flame
2. Doing work on it a rapidly spinning paddle wheel
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Figus.2 Joule’s experiment

The final state of the water is exactly the sambath cases. This implies
thatheat and work are basically equivalent to each athie other words,
heat is not a substance. Instéaat is the energy that is transferred from
a hotter object to a colder object as a consequentetemperature
difference between them.

Physicists daot say an object has heat. Heat refers solely tdloke of
energy due to temperature differences. Heat treswgfermal energy that
is internal to objects, related to the random motbthe atoms making up
the objects.

Heat is like work: It changes the energy of an obge system. It does not
make sense to sdyow much work a system has™nor does it make

sense to sathow much heat the system hasJust as work is done by a
system or on a system, heat as thermal energyntana system or leave
a system. Having said that heat is measured irgowe will backtrack a

little in order to explain some other commonly us@ds.

Historically, before the connection between heatl avork had been
recognized, a unit for measuring heat, the caluaie been defined as :

1 calorie=1 cal=the quantity of heat needed to chge the temperature
of 1g of water by 1°C

Once Joule established that heat is energy, pparm@nt that the calorie is
really a unit of energy. In today’s Sl unit the gersion is

1 cal=4.186J

The calorie you may be familiar with in relationftod in biology lesson;
is not the same as the heat calorie, abbreviatedi@aa capital C, is




1 food calorie= 1Cal=1000cal=4186J

The calories you see labeled on the back of foatguges — —is actually a
kilocalorie Food calories measure how much hedt lvalreleased when
an object is burned

Concluding Activity: After recapping the core points of the lesson you
may want to emphasize that it is especially impurteot to associate an
observed temperature increase with heat. Of colnsating a system is
one way of changing the temperature of the syskemJoule showed it is
not the only way, since you can also change th&esys temperature by
dong work on the system.

Give also emphasis to significance of pointing that matter does not
contain heat. Matter contains molecular kinetic energy aus$sibly
potential energynot heat. Heat isenergy in transit from a body of higher
temperature to one of lower temperature. Once feeanesl, the energy
ceases to be heat. As an analogy, work is alsagnertransit. A body
does notcontain work. It does work or has work done on it.)You may
wish to test students understanding by posing guelstions:

1. Which one of the following processes involves heat?
A. The brakes in your bike get hot when you stop.

B. A steel block is held over a candle flame.
C. You push a block across a frictionless surface
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Explain why solids, liquids and gases are expandin

Starter Activity : You can start the lesson asking students “whppéas
to materials when their temperature changes?’ Rosge questions to
elicit students’ experience-Have you ever realideat telephone wires
become longer and sag more on a hot summer daythkgrdo on a cold
winter day? Have you ever noticed that steel rdiddsly produce a
cracking sound on hot days? Have you experiencadifttone part of a
piece of glass is heated or cooled more rapidly thdjacent parts, the
resulting expansion or contraction may break ttasgl especially if the
glass is thick? Then state that in this lesson &g about expansion, its
effects and the uses we can make of it.

Main Activity: Precede the lesson stating that when an objeciriabs
heat energy, various changes in the physical ptiegeof the object may
occur. To name some the temperature of the objagtriee, accompanied
by an expansion or contraction of the object, erdabject may liquefy or
vaporize during which the temperature remains eorst

Heating things causes’ expansion due to the inergathe energy of the
particles in the substances .The expansion of saBdsmall and not
usually great enough to be measured with a rulat the teacher
demonstrate this simple activity to illustrate exgian of a metal rod.

1. You need a metal rod, a needle, and a drinkingvstrao weights,
two wooden blocks, a microscope slide and a soofcéeat.
Arrange the apparatus as in the figure.




Straw

Meedle

microscope slide /i wood

wood block

Figure 3.3: expansion of a metal rod

2. One end of the rod is held fixed by a large weglth as a brick.
The other end rests on the needle on the microssla®eso that it
can roll the needle when it expands. The needbeished through
a straw which acts as a pointer. A smaller weightung on the
rod to keep the rod pressed against the needle.

3. Heat the rod strongly .As the rod expands, its &ee rolls on the
needle. The straw shows the angle that the neeaetdrned
through.

We can show the expansion of metal solids in otvegyrs. Divide
the class into smaller groups and assign them toy caut the
following hands-on activities:

I.  The bar and gauge experiment-In this experimentbtre
fits the gauge at room temperature. But when theida
heated, it expands and it is then too big fit tlfeuge.
Notice that it fits the gauge again when it hasapatied.

[I. The ball and ring experiment-a metal ball just pass
through a metal ring at room temperature. Wherbtlkeis
heated, it will not pass through. Ask students wiegipens
‘if instead of the ball being heated, the ring®led?’Lead
those to the correct answer by pointing out that ring
shrinks, and the ball will not pass through it Lttie ring
has warmed up again.




Figure 3.4: ball and ring

Common misconception Students usually believe that when the metal
surrounding a hole is heated then the hole willsgeall when it actually
should increase in size. This is a good demonetrdtecause it highlights
the misconceptions students develop. They likditaktthat the hole gets
smaller. Students find this demonstration very tuklgf a metal plate
containing a hole is heated then the whole plateexpand including the
hole.

Imagine a circle drawn on the plate with no hole.

Concluding Activity: Recapitulate the key points in concise and clear
statements as:

Most solids, like metals expand equally in all dtrens as they are heated.
In the ball and ring experiment, the ball has agergradius and thus a
bigger volume. Any expansion of the ring would teguthe hole having
a bigger radius, and thus a bigger area. Howevédegstudents by
stressing the point that not all solids expand Bygua all directions
Finally check students understanding by posingdhewing questions:

Q1. A steel block is heated so that the lengthacheside increases 1%.
What happens to its mass?

A. It increase by 1 %
B. It increase by 3 %
C. It does not change

Q2. Explain why a thick glass vessel often crack ifceld in very hot
water.
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Demonstrate liquids also expand when heated
Demonstrate gases expand when heated

Starter Activity: Begin this lesson revising what they learnt in the
previous lesson about expansion of solids. Remindests that when
solids are heated, its particles gain energy andils@te with greater
speeds; their average distance of separation betateens increases and
this leads to an overall increase in size. We aéé the expansion of
liquids and gases in this lesson.

Main Activity: Since students are not familiar with the kineticlecalar
theory of gasest is appropriate to support this lesson with experita to
illustrate the basic ideas behind

Activity on expansion of liquids
1. You need a flask with a bung and delivery tube lagws

figure3.15 Fill the flask with water .Make sure tthlaere is no
air in the flask and that there is some water entttbing.

iqud‘< '| flask ‘

Figure 3.5: expansion of a liquid

2. Make two holes in a sheet of paper and slip it dliertube as
shown. Mark the level of the water.




3. Gently warm the flask and note what happens towh&er
level.
4. Try using a different liquid in the flask such asdsene.

The water level rises as you warm the flask, shgwilmat the liquid is
expanding. The amount of expansion increases asvdber gets hotter.
You can take it as a large model of a thermométeugh water would
not be used as a thermometric substance in a tinesteo.

Keep reminding students that the flask is also edpesy as you warm it. It
can therefore hold more liquid. Notice that theavad¢vel dropped as you
started warming the flask. The heat first warmsftask and it expands.
Because it can hold more liquid, the liquid leval the tube drops.
However, as the heat reaches the water and betlaeisgater expands
more than the glass, the liquid level soon risdge &ctual expansion of
the liquid is more than it appears to be.

Activity on expansion of gasedJse the flask used above, but without any
water in it. Hold the flask between your handstsat the end of the tube
just dips below the surface of water in a beaksrst@own in the figure
.The warmth of your hands causes the air to expand,it bubbles out
through the water.

In this experiment, the volume of the gas incredmEsmuse of the rise in
temperature.

You can also try the following simple activity: Talan empty bottle of
course; the bottle is not really empty for it ileli with air. Attach a
balloon to its neck. Now heat some water in a essea heater or stove.
When the water starts boiling, gently place thetlbanh boiling water.
Look at the balloon. It is inflated. Why is the loan inflated? The reason
is that the air in the balloon expands when itsprature rises. Take the
bottle out of the boiling water and allow it to ¢o@vhen the air in the
bottle is cooled, the balloon is deflated and qs&s. The air has
contracted on cooling.

Or you can proceed as follows: When the air expaémels air cools. There
is a demonstration for you all to try right thereyaur seats. Are you
ready? Let everyone have a hand. Put your hanttenh of your mouth

and with your mouth open the air does not exparv Nring your mouth

down really tight so the air expands as it comewrdoNow feel the

temperature of the air.




Thermal Expansion of Water

Heating does not always lead to expansion. Watethe temperature
range from 0C to 4°C, decreases in volume with increasing teatpee.

Above 4°C, water expands when heated. Hence waterits greatest
density at 4°C. Water also expands when it freemdsch is why ice

humps up in the middle of the compartments in an dabe tray. By
contrast, most materials contract when they freeze.

This abnormal behavior of water has an importafeéceéfon plant and
animal life in lakes. A lake cools from the surfat®wvn; above 4°C, the
cooled water at the surface flows to the bottomahbee of its greater
density. But when the surface temperature dropswbd°C, the water
near the surface is less dense than the warmer watew. Hence the
downward flow ceases, and the water near the suriains colder than
that at the bottom. As the surface freezes, thdlozgs because it is less
dense than water. The water at the bottom remainsGuntil nearly the
entire lake is frozen. If water behaved like masbstances, contracting
continuously on cooling and freezing, lakes woutsefe from the bottom
up. Circulation due to density differences wouldntomuously carry
warmer water to the surface for efficient cooliagd lakes would freeze
solid much more easily. This would destroy all pland animal life that
cannot withstand freezing. If water did not havis gpecial property, the
evolution of life would have taken a very differeaurse.

Concluding Activity: After you make a concise, clear concluding remark
on the lesson, you can provide them with ample tiuesand problems to
check their understanding.

1. Why do soft drinks cans burst when left in a redragor too long?
Assist students to arrive at the correct answegibyig them a tip on
the abnormal expansion of water.
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Describe the pros and cons of consequences of sixjarf
materials.

Cite examples of the advantages and disadvantafetheo
consequences

Starter Activity: Ask the students to cite examples of the usefuloéss
expansion and contractiohlave them also citeases in which there are
disadvantages. Some examples of the advantagesthemmenometers,

expansion and contraction of gases in refrigeraty, Examples of the
latter are: in railroad rails, the laying of sidékgin bridges, in the

construction of buildings

Main Activity: To open a glass container with a very tight lidu yoight
hold the glass container under hot tap water. Wtien temperature
increases, the metal lid and the glass containtrdgand.

The expansion of materials due to a temperaturagsh&@an be useful
sometimes, as the jar-opening example demonsti&tesetimes, it poses
challenging engineering problems. For example, whedear waste is
stored in a rock mass, heat can flow from the wasthe rock, raising the
rock’s temperature and causing it to expand andkcréhis could allow

the dangerous waste to leak out. Knowing the epadetof expansion can
help engineers design storage intended to prevaaokiag.

Good engineering practice takes expansion into wadcd-or instance,
bridges are built with expansion joints, which hasem for expansion as
the temperature increases. Gaps must be left betwee lengths of
railway tracks to allow for the expansion of theedtrails in the hot
season.

Metal tyres can be securely fixed round wheels l®ams of expansion.
The tyre is made a little smaller than the wheeicWlit is to fit. It is then

heated so that it expands enough to be slipped tbhetavheel when it is
hot. As it cools, it contracts and grips the whegtly.

Concluding Activity: You can conclude this lesson by emphasizing the
point that the expansion of materials is often #&amce. If a solid or
liquid is prevented from expanding, very large &wcare exerted. The




effects of expansion must be remembered when desigsh made. Pose
the questions below to confirm student’s conceptualerstandings.

1. Consider electricity cables that have been put efvéen their poles
on a day when the air is quite hot. Why do youkttime cables have
been left slack?

2. Explain why an inflexible screw lid on a jar cartesf be unscrewed
after being warmed in hot water.

3. A metal disc with a hole in it is heated until tinen expands some
percent. The diameter of the hole will

A

A. Not change
B. Increase.
C. Decreases.

Nut is very tight on a screw. Which of the followins most likely to free
it?

4. Cooling it.
A. Heating it.

B. Either
C. Neither
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Describe the linear expansion of materials.
Determine the change in length during expansion.

Starter Activity: Start the lesson providing students with a review
guestions to enable them remind the key ideas @areston of solids.
Elicit their responses and gear it towards applyiregprevious knowledge
to today’s lesson. Then proceed the lesson poirduighe fact that most
objects expand with increased temperature; how rthep expand varies
by material. In this lesson, we discuss how muaty texpand in one
dimension, along a line. Their expansion is meakagea fraction of their
initial length.

Main Activity:
When heated, the rod expands. Here, we concerdraiés increase in

length. We call this linear expansion, the chamglemgth measured along
one dimension.

| Lo i
H
AL
AT
heating

Figure 3.16: Linear expansion of a rod

Consider two rods made of the same material bulifbérent lengths.
When the rods expand, the length of the expansigraportional to the
initial length Lo of the rod. These rods are made from the same iaater
but one is twice as long as the other. Their teatpee increases by the
same amount, but the longer rod increases in lehgite as much.
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However, the two rods expand the sapexcentage of their original
length,Loand the ratio of their lengths remains the same.

Imagine also the bimetallic strip made up of twifedlent materials. Their

temperatures increase with heat by the same ambunthey expand by
different amounts, making the strip curl. A constealled the coefficient

of linear expansion specifies how much a given netexpands with a

change in temperature. The Greek letter(alpha) represents the
coefficient of linear expansion of the material.

The amount that an object’s length changes wheis teated is the
product of its initial length, the coefficient ohéar expansion for the
material of the object and the change in tempegatitris important to
remember that this equation calculatesd¢hangein length, not the new
length.

Lo = original length
= coefficient of linear expansion
T = change in temperature

Coefficients of linear expansion for materials d@sed on Celsius or
Kelvin temperatures. The change in either scaldhessame, since their
units are equal. As far as the length goes, any afniength will work
since the equation expresses a proportional charigagth.

Materials Coefficient of linealr
expansion at 28C

Steel 1.17X 10

Iron 1.18X 10°

Copper 1.65X 10

Silver 1.89X10°

Aluminum 2.31X 10

Magnesium | 2.48X 10

Lead 2.89X 10

Worked example:

The copper rod is heated from 20°C to 100°C. Whilltits increase in
length be?




You are asked to measure the change in length wWeetemperature of
the rod increases. We start with the equation iftgar expansion. The
change in temperature is 80 C°.

L=Lo T

T =100°C - 20°C = 80 C°
L = (0.5 m)(1.65x1T 1/C°)(80 C°)
L =6.6x10*m

In the second step we substitute the values fagtherthe coefficient of
linear expansion for copper, and the change in éeatpre. The
calculation shows that the change in length istleas a millimeter.

Concluding Activity: : Confirm students understanding by providing the
class with a quiz and have quick check to seeeiy thave understood the
concepts introduced in the lesson. If students hawable with the
expansion equation, let them reread their textb@okmpt them to do
more practice on problem solving ; ask their teadbe assistance and
guidance on topics of difficulties , or discuss tnaterial with a fellow
student. A simple and yet useful and helpful quayrook like:

1) A hot water running through a pipe causes the teatpee of a
lead pipe, which is now considered hazardous;doease from 20
°C to 40 C. If the pipe is initially 4m in length, calcutathe
change in the length of the pipe.

2) A metal rod is 2.67m long at 23. When its temperature is
increased to 168C, the length of the rod is 2.68m.What is the
metal’s coefficient of expansion?




Describe the volume expansion of materials.
Compute the change in volume using the equation.

Starter Activity : It is appropriate to begin this lesson summingwiyat
students have learnt about linear expansion. Yoy poae some question
just to let them recall the basic concepts of tlevipus lesson.

Main Activity:

The volume of most materials, including liquidscrieases as their
temperature increases. For example, the volumehef water in an
automobile radiator increases as the engine gdterhdlost radiators
have an overflow tank to capture excess coolantnwhexpands to a
volume greater than the radiator's capacity.

Every substance has a coefficient of volume expantiat determines the
relative expansion in volume for that substanceaagiven temperature
increase. The Greek letter(gamma) represents that coefficient. The
radiator metal and the coolant have very differemefficients, which is
why the fluid overflows the radiator.

Just as with linear thermal expansion, the expansio volume is
proportional to the initial dimensions, in this eathe volume of the
material.

You see the equation for volume expansion. The ggan volume is
equal to the initial volume times the coefficierftv@lume expansion
times thechangein temperature, measured in Kelvin or degreesi@els

V=Voy T
Where,

Vo = original volume

y = coefficient of volume expansion
T = change in temperature

Coefficient calibrated for K or °C
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Notice that for a solid, the coefficient of voluragpansion is about three
times the coefficient of linear expansion, becatise solid expands
linearly in three dimensions.

V 3

Where

y = coefficient of volume expansion
= coefficient of linear expansion

Worked Example:

The temperature of 2 L of water increases from L@CQo 30° C. How
much does its volume increase?

You need to use the coefficient of volume expansibmater, which is
shown

V=Voy T

T=30°C - 10°C =20 C°
V = (2 L) (2.07x10" 1/C°)(20 C°)
V =0.0083 L

In the first step, we write the equation for volumgansion. We calculate
the change in temperature, and then enter the vdbreinitial volume,
coefficient of volume expansion, and the changeteimperature. The
volume increases by 0.0083 liters, which equalsibalf a tablespoon.

Concluding Activity:

Check students’ understanding by providing the sclagth numerical

problems, so that they can solve it in group discus and have quick
check to see if they have understood the conceptsduced in the lesson.
If students have trouble with the expansion equatwompt to do more
practice on solving problems, let them reread thextbook, ask their
teacher for help, or discuss the material withllaiestudent.

1. A ball made of lead has a volume of 100%ah 20.5°C.What is the
change in volume; in chwhen its temperature changes 243




2. A solid copper ball of radius 1.5 cm increase imgerature from 35
C to 106°C. What is the change in its volume in &m

3. The density of mercury atC is 13.6Kg/m.What is its density at 100
°C, in kg/nt?
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Describe what is meant by specific heat

Apply the law of heat exchange in the solution a@blgpems
involving

Explain some consequences of the high specific dfeaater.

Starter Activity: Initiate the classes by asking some review queston
the relationship between heat and work which leaddiscussion of
measuring heat. Direct their answers to the pdiat, tto be scientific in
the study of heat, we must be able to measure uhatiy of heat given
off or absorbed by a given mass of a substance wh®gooled or heated
through a given change in temperature and that sstaredard must be
used for this measurement. Or you may begin theofesproviding
common experiences in daily life as:

If you touch a hot stove, energy enters your haedabse the stove is
warmer than your hand. When you touch a pieceefaa the other hand,
energy passes out of your hand and into the catgerThe direction of

spontaneous energy transfer is always from a wartherg to a

neighboring cooler thing. The energy transferredmfrone thing to

another because of a temperature difference bettheethings is called
heat

Main Activity:

How much heat flows depends not only on the tentperadifference
between substances but on the amount of materiaethsFor example, a
barrelful of hot water will transfer more heat t@@oler substance than a
cupful of water at the same temperature. This sabse; there is more
internal energy in the larger amount of water.

Different substances have different capacitiesstoring internal energy.
In other words, different materials absorb or re¢eanergy in different
ways. For example, if you wait a short while befeeting a piece of hot
roast beef and pieces of mashed potatoes, botillinit the same
temperature, you'll find that the meat has cooldtl more than the
potatoes. Similarly, If we heat a beaker with wairra stove, we might
find that it requires 15 minutes to raise it frooom temperature to its
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boiling temperature. But if we put an equal masdroh on the same
flame, we would find that it would rise through tsame temperature
range in only about 2 minutes. This implies différenaterials require
different amounts of heat to raise the temperatdire given mass of the
material by a specified number of degrees.

Specific heat is a property of a material. It i€anstant that tells how
much the temperature of a mass of the materialgdgawhen a particular
amount of heat is transferred.

Each matter has its own characteristics to absorlealh It is the
distinguishing property of matters.

A material's specific heat is determined by how mbeat is required to
increase the temperature of one kilogram of theerratby one Kelvin. A

material with a greater specific heat requires ntweat per kilogram to
increase its temperature a given amount than otie aviesser specific
heat. In spite of its name, specific heat is notaamount of heat, but a
constant relating heat, mass, and temperature ehang

Q=cmT

Where
Q = heat
¢ = specific heat (J/kg-K)
m = mass
T = temperature change in C° or K

This is an equation that uses specific heat. Tla¢ thensferred to or from
an object equals the product of its material’s djgelseat, the mass of the
object and the change in temperature. Specific iseaeasured in joules
per kilogram Kelvin.

We can think of specific heat as thermal inertiac&l that inertia is a

term used in mechanics to signify the resistana@nasbject to a change in
its state of motion. Specific heat is like a thermartia, since it signifies

the resistance of a substance to a change in tatoper
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Substances Specific heat(J/Kg.K

Lead 129
Silver 235
Copper 385
Iron 449

Carbon 709
Aluminum | 897

Explain the point that the specific heat of wateconsiderably larger than
that of the other substances. Its high specifid hegans that for a given
qguantity of heat energy absorbed by water, its inseemperature will be
comparatively small. Thus water, because of its large specific heat, is
used in many types of heat exchanger. Large baofiesater such as
lakes, seas or oceans tend to moderate variatiotesrperature nearby
since they can absorb or release large amountiseoitl energy while
undergoing only very small changes in temperatline specific heat of
water is five times that of the earth or sand, tredwater takes longer to
heat up than the land. Hence we can say that e $pecific heat of
water affects the climate near the sea and lakgsla

Other familiar example is the use of water in tbhelimg system of a car.
It removes much of the heat energy that would etlser cause damage to
the engine.

Because so much of our body is composed of watemuscles do not
overheat. If we engage in exercise or strenuousipalywork, the body
temperature does not rise excessively becauseedidtly’s high specific
heat.

Concluding Activity: Confirm students understanding by providing the
class with a quiz and have quick check to seeeiy thave understood the
concepts introduced in the lesson. If students tiauele with the quiz,
let them re-read their textbook, ask their teadbethelp, or discuss the
material with a fellow student. A simple and yeefus and helpful quiz
may look like:

1. Which has a higher specific heat capacity, watevaod?

2. Suppose you apply a flame to 1 L of water for gagertime and
its temperature rises by 2°C. If you apply the sdiame for the
same time to 2 L of water, by how much will its {enature rise?




3. An iron thumbtack and a big iron bolt are removeahf a hot
oven. They are red hot and have the same temperafdinen
dropped into identical containers of water of eqiehperature,
which one raises the water temperature more?

4. Imagine you have 1 kg each of iron, glass, and metd that all
three samples are at 10 °C.Rank the samples fromeslkoto
highest temperature after 100J of energy is aduled¢h sample.




Define phase change, heat of fusion and heat afnzgiion
Identify phase change occurs at constant temperatur
Describe the effect of pressure on boiling poinivater

Starter Activity: Initiate this lesson by pointing out that the reaih our
environment exists in three common phases (orstdtee, for example, is
the solid phase of #. Add energy, and you add motion to the rigid
molecular structure, which breaks down to forgOHn the liquid phase,
water. Add more energy, and the liquid changebeayaseous phase.

Then in this lesson we see why a kettle of water lwa boiled for hours
without changing its temperature and that the sutsummer can shine for
hours on a large ice without changing either tmepirature of the ice or
the temperature of the water that drips from it.

Main Activity: In everydaylanguage, the three phases of matter are
called ice, water, and steam. That is, the termewamplies the liquid
phase, ice the solid phase and steam the gas phase.

When ice which is at a temperature belois allowed to warm up
slowly, its temperature rises to’G and then stays at that value while the
ice melts. When all the ice has melted, the tempezawill rise above 0
°C.The temperature at which the solid-to -liquid e occurs is called
the melting point. That is, it takes energy to liberate the water muales
from the crystal structure of the ice and allownthi® move freely at the
same temperature through the liquid. This occursthes ice melts,
changing phase from a solid to a liquid. Phase gbsirbetween solid,
liquid and gas do not change an object’s tempezatut they do require
heat transferPhase changes a transformation between solid and liquid,
liquid and gas, or solid and gashe phase of matter depends on its
temperature and the pressure that is exerted Ghénges of phase almost
always require a transfer of energy.

If we cool a pure liquid, it changes to a solidre same temperature as its
melting point. This is called theeezing point. Impure solids and mixture
melt over a range of temperatures; they do not leadefinite melting
point .A very good example of this behavior is wax.
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When energy is supplied to water, its temperatigesrand, if the rate of
supply of energy large enough, the water boils. f#meperature remains
constant as the water boils. This temperature athwihquids changes to
gas by boiling is referred to asiling point.

Elaborate also that the boiling point depends enattmospheric pressure.
When water boils, bubbles of steam are formed éliduid and rise to
surface. The pressure of the vapor in the bubldethide a little greater
than the external pressure for the bubble to eRishormal atmospheric
pressure, this happens at 100Bubbles in the liquid can form only when
the pressure of the vapor within the bubbles istgemough to resist the
pressure of the surrounding liquid. Unless the vap@ssure is great
enough, the surrounding pressure will collapselambles that may form.
At temperatures below the boiling point, the vapogssure in bubbles is
not great enough, so bubbles do not form untiloiéng point is reached
If the pressure is lower than the normal, bubblas form at some
temperature below 180, so that the water boils at a lower temperature.
Water boils at temperatures well below 3D0at the top of high
mountains, and cooking food becomes a problenheltémperature of the
boiling water is too low, food will not cook at alt is important to note
that it is the high temperature of the water thawks the food, not the
boiling process itself.

As water is changed into steam, the energy thaswpply does not cause
a rise of temperature. It supplies the energy reecggo enable molecules
to escape from the liquid, and do work againstdsrioiding them together
as a liquid. This latent heat is known as the labeat of vaporization.
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Figure 3.17: phase changes

To change a mass m of a material to a differentsphat the same
temperature (such as liquid to solid or liquid tapwur) requires the
addition or subtraction of a quantity of heat. Ermount of heat is equal
to the product of m and L, the heat of fusion, v&ation, or sublimation.

Q=+mL

Where

Q=quantity of heat absorbed or released
m= mass of the body

L= latent of heat

Latent heat is energy used for loosening or breplonds between
molecules and not for raising temperature. Theeewao forms, viz. latent
heat of fusionlLg, and latent heat of vaporizatidn.

Common misconception: There is a tendency to believe that any time
heat is flowing into ice, the ice is meltingOT SO. When heat is flowing
into ice, the ice will be melting only if the ice already at the melting
temperature. When heat is flowing into the ice tsabelow the melting
temperature, the temperature of the ice is incngasi

Concluding Activity: After you make a short, concise , summary or
concluding remarks which highlight the underlyirancepts of the lesson
make sure students’ conceptual understanding byiging such kind of
concept test questions ;




Why does the temperature of an ice cube remai@8@when it is
absorbing heat and melting?

. Why might you become chilled as water evaporatas fyour skin

after a swim?

Does a pail of water in a cold room at twarm or cool the air
around it as it freezes?

For each of the following processes: Does the teatpee
increase, decrease, or not change?

A. You hit a nail with a hammer

B. You compress the air in a bicycle pump by pushiogrd on
the handle very rapidly

C. A flame turns water into steam

Confirm that their answers agree with the followaglanations:

1.

3.

The temperature remains constant because the ersdgd
increase the potential energy of the particles wemdg the ice
crystals bond.

The molecules with highest kinetic energy evapo(kaving the
skin) so that the water molecules left behind havewer kinetic
energy, hence a lower temperature. In additionnthéenergy is
absorbed from the skin during the phase change.

It warms the air because freezing releases enkegy,of fusion.
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Explain the process of boiling.
Identify that boiling is a cooling process.
Distinguish between evaporation and boiling.

Starter Activity: Start this lesson asking students’ experience dinigo
water. .You may wish to ask them questions suchHase you ever
observed that when water is coming to boil it stad murmur? Why?
Elicit their reply and continue with your detailegplanation.

Main Activity : Let us heat a glass vessel with cold water oarady and
watch the process. The bottom and the walls ofgllags will soon be
covered with small bubbles. These bubbles contaiaral water vapour.
Observing a bubble at a constant temperature isphat it retains its
volume. This means that the internal pressureerbtibble is balanced by
the external pressure on its surface. Since thélbulpntains air whose
amount should be considered, this equilibriumablet

When some bubbles rise to the surface, their volsmeduced .Why does
this occur? Notice that these bubbles contain wedg@our and a small
amount of air. When a bubble arrives colder up@gel of water, a
considerable amount of water vapour condensesthendubble contracts.
This alternating increase and decrease in the wluwh bubbles is
accompanied by a noise: water coming to the bailtstto ‘murmur’.
Ultimately, the entire mass of water is heatedthd stage, the volume of
rising bubble does not decrease any longer, andubéles burst at the
surface ejecting steam to the surrounding space.rirmuring is now
changes to a loud bubbling sound, and the wataidgsto boil.
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Figure3.18: boiling is a cooling process

Under the right conditions, evaporation can tale@lbeneath the surface
of a liquid, forming bubbles of vapor that are bedyo the surface where
they escape. This change of phase throughout @l ligqther than only at
the surface is calleloiling.

Evaporation is a cooling process. So is boilingfiist reflection, this may
seem surprising perhaps because we usually assobmting with
heating. But heating water is one thing; boilingaother. When 100°C
water at atmospheric pressure is boiling, its taw@ipee remains constant.
That means it cools as fast as it warms. If cooltidgn't take place,
continued input of energy to a pot of boiling wateould result in a
continued increase in temperature. The reason ssym@ cooker reaches
higher temperatures is because it prevents noroikhdp, which in effect
prevents cooling.

Concluding activity: After you recapitulate the underlying concepts of
the lesson, provide these conceptual questionondirm whether they
meet the lesson objectives or not. Use the feeddackthe better
improvement of the lesson.

1) Why is a steam burn more damaging than a burn fiborting
water of the same temperature?

2) Distinguish between evaporation and boiling.

3) Why is the boiling point of water lower at highialtie?

4) s it the boiling of water, or higher temperatufevater, that cooks
food faster in a pressure cooker?
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Describe the mechanisms of heat transfer
Differentiate between thermal energy, temperatame heat

Starter Activity: Commence this lesson by mentioning the point that
when the temperature drops outside, you put on yonter clothes. By
wearing heavier, thicker clothing you are prevemtyour body from
losing too much heat. Keeping thins cool by keefiagt out is often just
as important as keeping heat in. You can cite el@map. when you are
out in the sun, you may wear a hat to keep youd leeal. Or you prefer

to use a heavy mug to keep your hot drink warm dorthan a thin —
walled china cup does. In this lesson we see thehamsms of heat
transfer and how to control of heat transfer.

Main Activity: Proceed with your exposition of heat transfer lasagine
grabbing the steel handle bars of your bicycleraftbas been sitting out
in the sun on a hot summer day. Now imagine pickipa piece of wood
that is about the same size as the handle barthahtas also been sitting
out in the sun. Which do you think would feel hotteAsk students to
suggest reasons. The handle bars are hot becatise wfetals ability to
transfer the heat to all parts of it.

Or you may elaborate it as-for example, if you hofte end of a long
metal bar and insert the other end into a flamey wall find that the
temperature of the metal in your hand soon incieaBee energy reaches
your hand by means of conduction. You can undedstha process of
conduction by examining what is happening to therasicopic particles
in the metal. Initially, before the rod is insertédto the flame, the
microscopic particles are vibrating about theiriigium position. As the
flame heats the rod, the particles near the flamgirbto vibrate with
greater and greater amplitudes. These particléarin collide with their
neighbours and transfer some of their energy irctigsions. Slowly, the
amplitudes of vibrations of metal atoms and elewrtarther and farther
from the flame increase until, eventually, thosethe metal near your
hand are affected. This vibration is detected by imrease in the
temperature of the metal and of your potentiallyned hand. The transfer
of heat by the collision of particles in the solgl called conduction.
Conduction is the direct flow of thermal energyhweitit a net motion of
the materials involved.
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How well a solid object conducts heat depends enbibnding within its
atomic or molecular structure. Solids made of attmas have one or more
outer electrons conduct heat (and electricity) wiletals have loosely
bound outer electrons, which are free to carry gyndoy collisions
throughout the metal. They are excellent conduaibteat and electricity
for this reason. Silver is the best, copper is nantl, among the common
metals, aluminum and then iron are next in ordeoolWwood, straw,
paper, cork, and Styrofoam, on the other hand,pa@ conductors of
heat. The outer electrons in the atoms of theseemalt are tightly
attached. Poor conductors are calleslators.

A cooking pan is a good example of an applicatiboomduction. The pan
itself is usually made of metal (a good conductw)that the heat is
rapidly applied to all contents to cook them evedpwever, we do not
want the handle to be too hot. The handle shouldnbde of a poor
conductor, such as wood or plastic.

Let students in groups conduct activity on rateheat conduction. Four
students, each holding a rod of a different sulegtain a flame, will

demonstrate the difference in conductivity of h@aatheir object from the
flame. Use about the same sized rods of iron, alumj glass, and copper

Concluding Activity: Check students’ understanding of heat transfer by
providing concept tests which will lead to a bettederstanding of the
concept.

A room has one wall made of concrete, one wall na@d®pper, and one
wall made of steel. All of the walls are the sanee sand at the same
temperature of 20°C. Which wall feels coldest te tiouch? (i) the
concrete wall; (ii) the copper wall; (ill) the staeall; (iv) all three walls
feel equally cold to the touch.

Check that their line of reasoning agrees withftllewing: Answer: (ii)
when you touch one of the walls, heat flows fromiryband to the lower-
temperature wall. The more rapidly heat flows frpour hand, the colder
you will feel. Recall that the rate of heat flow gsoportional to the
thermal conductivity. Note also that, copper hasach higher thermal
conductivity (385.0W/m'K) than steel (50.2W/m'K) @oncrete (0.8 W/m.
K), and so the copper wall feels the coldest tadeh.
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Describe what convection is meant by
State activities to illustrate convection as mewdras of heat
transfer.

Starter Activity: Commence this lesson by reviewing the previousoles

as: You have learned how heat transfer takes jpheselids by conduction

.But not all matter is solid. Liquid and gases jin@ses of matter in which
the particles flow from place to place. They arbechfluids, and they are

poor heat conductors. Pose this question to trss cléf liquids and gases
do not conduct heat as well as solids do, how teas transfer take place
in fluids? Let students write their predictionstbeir notebook.

Main Activity: You may wish to proceed with your exposition atofes
—Imagine about soup. How does the soup in a pth@stove become hot
enough to boil? To warm the soup more quickly, gam stir it with a
spoon or a stick. As you stir a pot of soup ondtove with a spoon, you
can feel the spoon become hot; heat being traesféry conduction along
the spoon. As soup is heating, some parts of &r tiee heat source, will
be hotter than other parts. By stirring, you arging higher -temperature
soup with lower -temperature soup. This also ocawatwrally; because
particles in liquids and gases can flow and movst gach other. This
movement is called convectioBonvectionis the transfer of heat by mass
motion of a fluid from one region of space to amotHt isheat transfer
through a gas or liquid caused by movement of lthid.fConvection takes
place only in fluids. It cannot take place in sslias the atoms/molecules
are fixed in their positions relative to each other

You can also conduct the following hands-on aggsito investigate how
heat transfer by convection occurs in liquids aases.

Convection in liquids:

1) Place a large glass beaker full of water on a dripo that one side
overlaps the edge as shown in the figure. Do netaipiece of
gauze .Put food colouring or a crystal of potasspgrmanganate
into the beaker at that edge.




beaker

potassium
permanganaite
cryslal

_hEEﬂ

Figure 3.19: convection in liquids

2) Heat gently just under the potassium permangangtdat The

potassium permanganate solution shows convectioerduin the
water.

Convection in gases:

1) Using a chimney box similar to the one shown in figeire, a
candle in the holder under one of the chimneys.
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Figure 3.20: convection box

2) Hold a piece of smouldering cardboard (smoke papeer the
other tube. The smoke is drawn into the tube bycihevection
current, and it emerges from the tube over theleand




3) If you try to do a similar experiment using onedutwith the other
blocked by a cork, no convection current occurse tandle may
burn less strongly and go out for lack of ventdati

Concluding Activity: You can recap this lesson by stressing on
convection currents and noting the point that cetiga in liquids and in
gases is very similar.
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Discuss radiation as means of energy transfer
Cite examples of bodies that emit electromagnetidation

Starter Activity: You can begin this lesson by reviewing the presiou
lesson as-you have learned that heat transfer hydumbion and
convection depends on the motion of particles aimdeiction the particles,
move back and forth, colliding with each other. 3éeollisions transfer
energy from one particle to the next, but the pkesi themselves do not
move very far. In convection, the particles moveotigh a fluid,
transferring energy as they collide with other jodgs. You know that the
sun is the main source of Earth’s energy. The spateeen the Earth and
the sun contains almost no particles, so heatfeaby either of these two
methods, conduction and convection, is impossidleen pose the
guestion ‘how is the sun’s energy transferred eoEarth?’

Everyone has felt the warmth of the sun's radiatind the intense heat
from a glowing coal in a fireplace. Most of the h&am these very hot

bodies reaches you not by conduction or convegctidhe intervening air

but by radiation.

Main Activity: The third means of energy transfer that we shatiu#s is
radiation. All objects radiate energy continuously in thernio of
electrometric waves (see the next chapter) produmgedhe thermal
vibrations of the molecules. Mention that if yowag® your hand near a
red-hot heating element and feel your hand warnyop,are experiencing
thermal radiation: the transfer of energy by elatiagnetic waves. You
correctly think of objects like the heating elemast radiating heat; in
fact, every object with a temperature above absateto radiates energy.
You are familiar with electromagnetic radiation time form of orange
glow from an electric stove burner, or the coibaioaster. Radiation does
not require particles to transfer energy. Energndferred by radiation is
referred to as radiant heat.

You can allow students in group try out this simab#ivity which enables
them to discover some of the properties of radisedt. Let them hold
their hands briefly near the incandescent lights®and record what they
feel. Then let them hold their hands near the #soent light source and
record their feeling. Finally pose this questionl¢éad them to group
discussion: which light source produce more radieait?




You can also give the class a project work to discathe emitting
radiation as:

1. You need a copper plate polished on one side alhdlduk on the
other, and a strong source of heats (several Bulnsarers).Heat
the plate strongly until it is very hot.

2. Remove the burners, and turn the plate, holdidgy ithe clamp,
until its sides are vertical.

3. Carefully use the back of your hand or your cheeklétect the
radiation sent out by each side of the plate.

Precede the discussion to draw the conclusionattatll black surface is
gives out or emits much more radiation than a pelissurface at the same
temperature. The best emitter is a dull black serfasilvery polished
surface is the worst.

Let students also try the following hands-on attivio investigate
absorbing radiation-

1. You need two aluminium plates about 10 cm square €hould
be polished on its front surface, and the othentpdi dull black,
and an electric fire.

2. At the centre of the back of each plate, melttkelivax and stick a
small bearing in it before the wax hardens.

3. Place each plate in turn in front of an electnie fvith the polished
or black surface facing the fire.

4. Notice how long it takes for each ball bearingdb 6ff its plate.

Provide students guidance and support to arrive edncluding remark

that the dull black surface takes in or absorb ggnenuch more quickly

than the silvery surface. All surfaces absorb enéug the best absorber
of radiation is a dull black surface; it absorddsoéthe radiation falling on

it if it is a truly black .The worst is a silveryolished or white surface,
which is a good reflector of radiation. Stress ploént that good emitters
are good absorbers, and poor emitters’ are poarbés.

Concluding Activity:  After recapping the core points of the lesson
confirm students’ conceptual understanding positg tfollowing
conceptual questions.

1) What is the difference between the transfer of gneby
conduction and convection?




2) How does the transfer of energy by conduction aoilvection
differ from radiation?
3) What does it mean for a substance to be a gooductordof heat?

Check that their answer agree with the followingrslexplanations or not.

1. In conduction energy is transferred from partidearticles; while
in convection energy is transferred by currentiuias.

2. Radiation transfers energy by electromagnetic wavesdoes not
require matter.

3. It means that heat travels more rapidly througb@dgconductor.

Note for the teacher: Heat transfer by radiation is important in some
practical applications, for example in a thermaskl the flask is a double-
walled glass vessel which has been evacuated amlddseThe air is
pumped out of the spaces between the walls; timsreltes nearly all heat
transfer by conduction and convection. The silveatmg on the walls
reflects most of the radiation from the contentskbento the container,
and the wall itself is a very poor emitter. Thugaguum bottle can keep
coffee or tea hot for several hours. The thermaskfis often used to keep
liquids very cold; store very cold liquefied gases.
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Describe what a wave is
State the characteristics of waves
Perform activities to demonstrate the propertiewafes

Starter Activity: Introduce this chapter using water waves as a htode
help conceptualize wave properties. A ripple tarduld be most helpful
in demonstrating the properties and behavior oewataves. One of the
most difficult concepts for students to grasp inesl the motion of the
wave. Many students will think the water travelsrg the wave front.
Raise questions like —have you ever watched wavaspond/lake? Some
students may recall their experience at the beach.

Energy can be sent from one place to another bysnefwaves. In every
case, the waves travel from a source to a detectareceiver. Waves are
of many types. Sound, light and radio are commaagres of waves.

Sound waves can be received by the ears or by @phicne, light waves

by the eyes a camera, and radio waves by an astalhed to a radio
receiver. You shall also consider waves which yau see: first waves on
strings, and then waves or ripples on water.

Main Activity: A wave is a disturbance that repeats itself alhjsoalong
the path that it follows. Thmediumof a wave is the substance through or
along which the wave moves. For instance, the nmeditiwater waves is
the water; the medium of sound waves is the air.aAwave passes
through a medium, the atoms that make up the medibenparticles of
the medium) are displaced from their equilibriumsigon. This is a

disturbance of the medium. Therefore, we can define wave as an

organized motion of the particles of the medium, in contrasth the
random molecular motion of thermal energy. We can distis two
types of waves.




1. Mechanical Waves

Mechanical waves can travel only within a matenadium, such as air
or water. The ones you are very familiar with arsev waves and sound
waves. It also includes waves on a stretched stsegmic waves (i.e.
shock waves produced either artificially from exgums used by
geologists in explorations or naturally occurringedo earthquakes).

2. Electromagnetic Waves

These include visible light, radio waves, microngvenfrared waves,
light, ultraviolet rays, X-rays, and gamma rays ethare a self-sustaining
oscillations of the electromagnetic field. Electemgnetic waves require
no material medium and can travel through a vacuum.

While ocean waves were always known to man, aswgisle radiation,
many parts of the electromagnetic spectrum weralisabvered until the
latter years of the 19th century and the beginointpe 20th century.

It is worth mentioning the point that a medium tgh or along which a
wave passes must be elastic. Because a restorcgydbsome sort brings
the medium back to equilibrium after it has beespldiced or disturbed.
As a wave passes through a medium, the atoms thie¢ op the medium
(or particles of the medium) are displaced fromildgiium. We call this a

disturbance of the medium. Disturbance is the keydwn wave motion.

The water ripples are disturbances of the watefases as the pulse
traveling down the stretched string is a disturleanblote that the
disturbance of a wave is an organized motion ofigas in the medium,

when compared, with the random molecular motiothefmal energy.

A wave disturbance is produced by a source. Thecsoof the wave can
be a stone thrown into water, a hand plucking atated string, or an
oscillating loudspeaker cone pushing on the aircémwrreated, the
disturbance travels outward through the mediurheitave speed v.

Lead the class to grasp the key point that as terdance propagates
through the medium, a wave does transfer energly thai medium as
whole doe not move. Stress the fact that wave feaesiergy, but it does
not transfer any material outward from the source.

You can do the following activity to make a wavdgau
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Concluding Activity: After recapping the core points of the lesson,
confirm students’ conceptual understanding posifge tfollowing
conceptual questions:

1. How is the motion of a wave pulse different frone timotion of a
moving object such as a car? (Hint: What is thavesan the case
of a wave?)

2. What happens to the wave pulse when it hits theefat of the
string? Does the pulse stay on the same side dcfttimg or flip to
the other side? Use the word ‘reflect’ in your aesw




Identify the two distinct types of wave motion
Distinguish between transverse and longitudinalegav
Do activities to demonstrate these wave motions

Starter Activity: Begin the lesson reviewing the previous lessonasid
students a leading question that enable them tdl ribat, the particles of
a string vibrate up and down but do not move indhection of a pulse
traveling along the string.

Main Activity: We can classify two distinct types of wave motion
transverse and longitudinal by the relationshipveein their direction of
travel, and the direction of the motion of the mdes in the medium.

1. A transverse wave pulsds sent along the spring by moving your
hand to the right or left at right angles to theirgp and then back to
the original position. The pulse travels alonggpeng and is reflected
at the fixed end. To produce waves, the sourcadeaibrate .You can
notice that the waves are close together if it atds swiftly; if it
vibrates slowly, the waves are further apart.

Direction of the wave

Mov;:fment —

the hand

H |

Figure 4.1: Transverse pulse on the slinky

Although the wave moves to the right, the partidiest make up the
medium move up and down. An individual particletioé Slinky and its
movement is shown with the vertically directed aso The direction of
the wave ierpendicular to the motion of the particles of the medium.
This type of wave is calledteansverse wave
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2. Now visualize that instead of shaking the Slinky anpd down, you
pulls the Slinky to the left and then pushes ithe right, as shown in
the fig</ure below. This causes the spring to betcted and then
compressed. In this activity, the movement of tpeng is in the
direction in which the pulse is traveling.léngitudinal pulse is sent
along the spring by a quick push forward followgdapull back of
the hand in line with the Slinky. Again, the pulse seen to be
reflected at the fixed end. The pulse travels wilik same speed
whether it is a short pulse or a long pulse.

Direction of the wave
e

— 000000000000XIOOOO0

Rarefaction Compression

Fixed end

Figure 4.2: Longitudinal pulse on a slinky

3. To produce a transverse wave train the hand is chatea constant
rate, left then right, at right angles to the Syinkhe longer the Slinky
the better as the crests and troughs can be seasilitrg continuously
down the spring. When the wave is reflected atftked end the
reflected wave interferes with the incident waveking the progress
of the wave difficult to discern.

Repeated Direction of the wave
hand —
movement

f

Fixed end

Figure 4.3:Continuous transver se waves on the Sinky

4. You can produce a longitudinal wavetrain by pushiogr hand back
and forth at a constant rate in line with the Sfinik you move the end
of the spring to and fro, it produces a bunchingha turns of the
spring calledCompressions (regions of high coil density) which
moves along the spring; followed by the bunchinghef spring where




the turns are further apart than usual catl@factions (regions of
low coil density) can be seen continuously tramegllalong the spring
until the wave motion reaches the fixed end. Tlascalled a
longitudinal wave .Each part of the medium osakatvith the same
frequency as the source (your hand, in this case).

Direction of the wave

Repeated —
hand Compression
movement P
— 0000 0§ v 00000007 0 0 U 1OOOOCO
e
Rarefaction Rarefaction

Fixed end

Figure 4.4Continuous longitudinal waves on the Slinky

You will see the pulse traveling to the right. Teheection in which the

pulse travels is indicated by the arrow. This isvteolongitudinal pulse is
created in the spring. Notice that the coils vieraaick and forth in the
direction in which the pulse travels. A longitudineave is generated by
producing continuous pulses in the spring. This lsardone by attaching
the free end of the spring to a vibrating tuningfo

As the end oscillates, a regular succession of cesspns and
rarefactions travels outwards. In this case, theaeleagth of the wave is
the distance from the centre of one compressidhdaenter of the next,
or from the centre of one rarefaction to the ceateéhe next.

You can also use a line of students to demons&dtngitudinal wave.
The student should suddenly push the student mt fstbas soon as he or
she feels the push from the student behind.

Concluding Activity: You can conclude this lesson stressing the point
that in both transverse and longitudinal waves,picles do move, but
there is no net motion of the particles. A particleves up and down, or
back and forth, but it returns to its initial pasit. It oscillates like a mass
attached to a spring.

Confirm students’ Understandings of types of wawiom, by providing
concept tests that will lead to a better understanadf the concept.




. Give an example of a wave, from your own experiegoe know
is a transverse wave. What observation or evid&ikseyou this is
a transverse wave?

. Give an example of a wave, from your own experiego@ know
is a longitudinal wave. What observation or evigetells you this
is a longitudinal wave?

. Students are lined up at a flag ceremony starttielstudent at the
back pushes the student in front of him, and sherim pushes the
student in front of her, and so on, will they ceeattransverse or
longitudinal wave in the line? Explain.

. When sports viewers do "the wave," are they makingansverse
or longitudinal wave? Explain.




State the terms used to describe a periodic wave.
Describe how a wave travels through a medium
Distinguish between a pulse and a wave train

Starter Activity: The proper understanding of waves is essential to
investigate communications, whether by speechpraditelevision; how
we see; how we hear; how musical instruments wdokv is it that waves
are so important and yet so uncommon in our dajakp-experiences?
Then we shall see what set of properties are ctaiaed by the wave
motion

Main Activity: We say that the water and the string are disturded
waves travel through them. The disturbances cadiffierent sizes and
can be different distances apart. In this lessoa,fecus on waves in
which the particles are vibrating in simple harncommotion. This

vibration will be caused by something (in this casehand) moving or
vibrating in simple harmonic motion. The resulthe type of sinusoidal
wave you see to the right.

Figure 4.5: A sinusoidal wave

Here, the hand jerks the string up and then dowesting a disturbance
that travels along the string. This single distud®is called avave pulse.
When the handshakes the string in a repeating dpdamwn motion, it
creates a continuous wave that travels along tivegstf the hand moves
up and down in simple harmonic motion, the resuthesinusoidal wave
you see here.




These waves are periodic because they are gendmat@dource (a hand
in this case) whose motion is periodic. Thus a quieci wave is a
continuous and regular disturbance which travela medium due to the
periodic oscillatory motion of the particles of timedium.

The vertical arrows indicate the displacement ef glrticles of the string
as the wave travels on it. Notice at points marketie displacement has a
maximum positive value. These points are caltegsts. On the other
hand, at points marked D, the displacement has @nman negative
value. These points are calliedughs.

Thus, the crest of a transverse wave traveling medium is the point
where the displacement has a maximum positive vahaethe trough is a
point where the displacement has a maximum negeadlee.

The maximum displacement of a particle occurs edtsrand troughs. The
distance between the equilibrium or rest positibrihe particle and its
maximum displacement is themplitude of the wave. Another way to
define amplitude is the height of a peak. The atm of a wave is
always a positive value, so you can consider itahsolute value of the
greatest displacement.

Figure 4.6:

Thewavelengthis the distance between two nearest identicalivatgnt
points in any wave. Usually, it is easiest to meaghis distance between
two adjacent crests or troughs.
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Figure 4.7:

Wavelengthis the distance between two successive crestoogihs (in
the case of a transverse wave) or between two ssiveecompressions or
rarefactions (in the case of a longitudinal wavas lusually represented
by A and is measured in meters in the Sl system.

It is clear that a crest is produced every timerymand moves up. Thus
the time interval between two successive crestg¢oighs) is equal to the
time period of your hand. Hence wavelength may alsalefined as the
distance travelled by the wave in one time peribgarticle vibrations.

Notice that the shape and size of a wave is destridy its wavelength
and amplitude.
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| Wavelength A
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Figure 4.8

We can also say that the wavelength is the distancevhich the
disturbance at one instant of time repeats itself.

The period of a wave T is the time taken by anyigarof the medium to
complete on full oscillation or vibration. It is geessed in seconds. The
period of a wave is the same as that of the viligasiource that produces
the wave.
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Figure 4.9:

The frequency of a wave is the number of osciltegidone by any particle
of the medium in one second .It is usually dendigdhe letterv and is
expressed in hertz(Hz).The frequency of a wavéisausly equal to that
of the vibrating source that produces the wave.

Concluding Activity: You can conclude this lesson by summing up the
terms used to describe a periodic wave, whichrdjsish one wave from
another. These are: Amplitude, period, wavelenapi, frequency.

Check students’ Understandings of characteristicgaves, by providing
guestions that will lead to a better understandiintipe concept.

1. Determine the amplitude of the wave by looking la¢ graph
below.
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2. Measure the distance between two adjacent peaks.

y(m)
0.30
0.20
0.10
0
-0.10

g -0.20
_l._% -0.30

x(m) 0 020 040 060 080 1.00 120

3. In a transverse wave, a crest and the next trouglbem apart.
What is the wavelength of the wave?

4. A wave is traveling through a particular mediumeMmave source
is then modified so that it now emits waves atghbr frequency.
Then the wavelength, ,

A. Increases
B. decreases
C. stay the same




Describe how the speed of wave is determined
Explain the speed of wave in different medium

Starter Activity: Initiate this lesson reminding students that the
disturbance of a wave moves away from the sourbé implies waves
have speedAsk students to name different types of waves winave
different speeds. Let them compare the speed 30@00 m/s for light of
light and 343 m/s for sound in air. Which one mofaster?

In this lesson we will have a look on the wave speed with which the
disturbance travels in a medium. In the case of a transverse wave, it is the
speed with which the crests or troughs travel. In the case of a longitudinal
wave, the speed with which the compressions or rarefactions travel is the
wave speed

Main Activity: How fast a wave moves through a medium is knowitsas
wave speedThe wave speed, the constant speed with which tnew
propagates, can be expressed in terms of wavelemgthfrequency we
have just discussed

Let us derive the relationship between wave speedelength and
frequency. If a wave travels a distarsde a timet, its speed is given by:

Wave speed=distance traveled/ time takamn
v=5t

By definition, the distance travelled by a waveaiiime period T is its
wave lengthl , thatisif  t=T and s4

Then VAT
But 1/Tv
Wherev is the frequency?

Hence: vy A

i.e.  Wave speed=frequency wavelength




Notice that this relation, called wave equation|deotrue for both
transverse and longitudinal waves

The relationv=r A can be easily understood using the analogy of the
speed with which you walk, the number of steps take in 1s and the
length of each step.

Let v=10 the number of steps you take in 1s, thatvisb Hz is the
frequency of your steps. Let =100cm length of each step. Then you
walk with a speed vz A =10X100=1000cris. Similarly if wave source
emits 10 waves per second, that is, its frequemayiOHz and each
wavelength is 100cm long, the wave must be tragekith a speed of v=

Vv A =10X100=1000cm/s.

Note: The wave velocity is the speed and directigth which the wave
pattern is traveling. It is not the speed with whibe particles making up
the string are traveling in their up and down meotidhe direction part is
clear-cut the wave propagates along the lengtthefstring, away from
the source (something oscillating) of the wave.

Worked Example:

Suppose the wavelength of visible light is 6%1fh. And the light
completes 5 cycles in 10 second. Calculate the light's wave speed in
m/s.

First compute the frequency of the light:
v =5 cycles/13* second=5X1# cycles /second=5X16Hz
Then apply the wave equation: w1

V= (6X107) (5X10* Hz) =
V=3X10°® m/s

Note: Light from a point source can also be represengedvaves. Of
course you cannot see the crests and troughs sé tiwaves with your
eyes because the wavelength is so short (and thedspf light is so
large).Since the waves move outward from the pacotrce in all
directions (in three dimensions), they are spheneaves rather than
circular ones (like the water waves in two dimensjo




Concluding Activity: After showing the derivation of the wave equation,
let students apply the equation in solving bothlitateve and quantitative
problems. Confirm students’ understandings of apglywave equation,
by providing concept tests that will lead to a éetinderstanding of the
concept.

1. A wave has a wave speed of 240m/s and a waveleonfith
3m.Calculate:

A. The frequency
B. The period of the wave

2. A girl produces surface water waves on a calm akeocking a boat.
It is found that the boat performs 12 oscillations20 seconds and
also that a given waves crest reaches the shorea®@my in 4 seconds,
Find:

A. The frequency
B. The speed, and
C. The wavelength of the waves.

3. A water strider (an insect walking on water) restsa surface of a
quite lake. A stone thrown into the lake createiaes of sinusoidal
ripples that pass through the location where thdestsits, so that it
rises and falls. The distance between its highest@vest locations is
0.008 m. What is the amplitude of the wave?

A. 0.003m
B. 0.004m
C. 0.002m
D. 0.008m




Explain the common properties of waves
Define the term reflection
State the laws of reflection

Starter Activity: Start the lesson citing common experience in dégy
such as: When you look at yourself in a mirror, yoe seeing a reflection
of yourself. When you look at the Moon at nightuyare seeing sunlight
reflecting off that distant body. Ask studentshiéy have experienced the
broken appearance of a spoon placed in a glassatdrwthe sparkling
effect of we see on the street ahead of us onyaharday; the deceptive
shallowness of a body of water.

We will use the concepts of waves to explain aktheffects.

Main Activity : In this lesson we discuss some common propedies
waves. These are:

» Reflection
* Refraction
» Diffraction
* Interference

Now let us consider how a traveling wave is affdctden it encounters a
change in the medium. For example, imagine a puseling on a string
that is rigidly attached to a support at one entdeWthe pulse reaches the
support, a severe change in the medium occursisttia¢ string ends. The
result of this change is that the pulse undergefsction-that is the pulse
moves back along the string in the opposite dioectiNotice that the
reflected pulse is inverted.

Figure 4.10: wave pulse approaching a fixed end




Figure 4.11: wave after reflection

Now visualize another case this time, the pulsevesrat the end of the
string that is tied to a ring of little mass freestide vertically on a smooth
post without friction. In this case, the pulse é&flected, but it is not
inverted. When it reaches the post, the pulse xeforce on the free end
of the string, causing the ring to accelerate upw&his movement of the
ring creates a reflected pulse that is not inveerd that has the same

amplitude as the incoming pulse.
/N
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Figure 4.12:

Similarly when a surface wave in a ripple tankakd encounters a barrier
it is unrestrained (the medium is not attachedbaraier) and the reflected
wave is consequently not inverted. When a surfageewn a lake (ripple
tank) strikes a straight barrier, the wave is unagsed the wave crest is
reflected as a crest, and a trough is reflecteadtesugh.

You can demonstrate this by generating a singéegstt wavein the tank
by gently pushing a ruler or other straight edge alpserve the reflection
of the wave from the opposite wall. The incidenvesgs unrestrained (the
medium is not attached to a barrier) so the redketvave is not inverted
and a crest is reflected as a crest and a trougtfléxted as a troughf an
incident wave is restrained, as was the case wbensgnt waves down




the string tied securely to a wall, the incidentveras inverted and a crest
is reflected as a trough while a trough is refldcis a crest. The reason
can be explained as follows: when you send a terssvwave down a
string that is tightly attached at one end theert#ld wave is inverted. A
wave traveling in a string will invert when it réees a fixed end because
the upward force exerted by the wave is accompauyeain opposite and
equal reaction force, that causes the wave to invérs downward force
causes the pulse to invert upon reflection.

The reflection of water waves can be easily browgydut by placing a
barrier in the path of the incoming wave. You cae the reflection of a
plane wave at a straight barrier. In the case @jplane wave, it is always
found that the angle between the incident wavethadarrier is equal to
the angle between the reflected wave and the bamBet instead of
drawing in the line of the wave fronts, it is marsual to draw in the
direction in which the wave is traveling. Do notnéase the wave front
with the direction in which it moves. The wave ms\a right angles to
the wave front. And instead of measuring the angktsveen the wave
front and the reflecting surface, we measure angdtseen the direction
of the wave travel and a perpendicular to the céfig surface, called
normal to the surface. The law of reflection statiest the angle of
incidence is equal to the angle of reflection.

Teaching note for the teacher: You may wish toteethe significance of
reflection of waves with modern telecommunicatigstems using dish
aerials to send messages over very long distattcesworth noting that
dish aerials are parabolic in shape and refkection of waves while
ordinary aerials send signals in all directionstlsosignal gets weaker the
further it travels. A dish aerial does not sendrgyen all directions. The
signal starts out in the opposite direction to fiteal direction, and is
reflected off the dish into a parallel beam. The receiver infase the dish
and the dish must point towards the satellite beosource.




reflected waves

Figure 4.13: Dish areal transmitting and receiving a beaemefgy

An antenna or aerial is used to radiate the enfayy a transmitter into

the space. The antennas used at the transmittaigpret are called

transmitters while the antenna used for receivitegradiated energy, near
the receiver is called the receiver. An antenna isonversion device

which converts an electrical signal to electromaignenergy when used
as a transmitter and vice versa when used as weece

Concluding Activity: You canprovide the class with a quiz and have
quick check to see if they have understood the eqmiscintroduced in the
lesson. If students have trouble with the quiz, tleem reread their
textbook, ask their teacher for help , assistarrcguidance in tackling
both qualitative and quantitative problems, or déscthe material with a
fellow student. A simple and yet useful and helpfuiz may look like:

1) When you send a transverse down a string thatndyfiattached at
one end the reflected pulse is inverted. Explain
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Define what is meant by the term refraction.
State the laws of refraction

Starter Activity: Commence the lesson mentioning common experiences
in students’ encounter in their daily life. You magk them if they have
noticed when they stand at the edge of a pool gntbtpoke something
underwater with a stick; they may misjudge the otgelocation. This is
because the light from the object changes dired®it passes from the
water to the air. You perceive the object to besetdo the surface than it
actually is because you subconsciously assume litifat travels in a
straight line.

Main Activity: Refraction is the change in the direction of a evav the
interface between two materials. The interfacehe bhoundary between
two media, and the wave bends there. It is theasarbetween two media,
such as air and water. Refraction is caused byaagshin the speed of a
wave as it crosses the interface.

In order to explain this refraction we can carry an experiment in which
plane waves are incident normally on a deeperlfshiat water boundary.
It is possible to change the speed of a wave ip@er tank by changing
the depth of the water. To obtain a significantnde the wave must
move from a deep region to the shallower regiort. @glass plate in a
ripple tank so that a very shallow layer of wates lon top of it. In the rest
of the ripple tank the water will be much deepesela single pulse or a
plane wave generator to send waves along the tadhlsee if their speed
changes when they reach the shallow water. Notefteets on the waves
which pass over the plate. You can easily seglénee wave has slowed
up as it passes over the shallow region.




I— -

shallow

Figure 4.14: Refraction of water waves

When the waves meet the plate at an angel, yowbserve a change of
direction. The waves’ direction of travel is bemwards the normal
because of the change in speed. The end of thefnwavehich meet the
boundary first travels more slowly and not as fartlee part of the wave
front which has not yet reached the boundary.

Concluding Activity: You can conclude this lesson reinforcing the key
point that refraction occurs when a wave travelkgokly (at an angel)
from one medium to another. When the wave encosistéroundary at an
angle, the part of the wave front striking the baany changes speed
before the other part of the wave front, causirggwhave to bend toward
or away from the normal and change direction.

Then confirm students understanding of the lessih the help of the
following questions

1) What generally happens to the speed of water waneke lake as
they approach the shore?

2) When a wave moved from the deep water to the shiaNater
above the immersed plate of glass, did the frequémrease, or
decrease? What happens to the wavelength and speed?

Make sure the reply given by the students and tlmdr of reasoning
should be in agreement with the following:

1) The water waves on the surface of the lake slowheg approach
shallow waters near the shore.

2) Students will note that waves slow and wavelengihsrtens as
they move into the shallow water; however, the diety does not
change is dependent only upon the frequency o$dhece, not the
media through which the wave travels.




Define the term diffraction

Identify how waves diffract through narrow openimgsslits.
Observe and explain the behavior of water wavesnwihe
interacts with material obstacles (diffraction)

Starter Activity: You can begin this lesson stating the point that th
effects we are going to consider now are not qua@mon as those we
have studied so far. Pose questions like- why yasuhear sound through
a doorway even when you are not standing directlfrant of it.? Does
light always travel in straight lines or can it bearound corners under
certain conditions?

Main Activity: Simple objects like the hole in a button, or aendan be
used to observe diffraction. You can see water wawdter passing
through an opening, spreads out to fill the spadana the openinglhe
ripple tank is a very convincing and easy way @pthying the spreading
out of waves on passing through openings or arooipstacles. This
inevitable spreading of waves is the phenomena krasdiffraction.

1) Set up the ripple tank with a vibrating source @éads out straight
waves.

2) Place a long barrier parallel to the ripple with wertical edge in
the middle of the tank. Notice the diffraction ocending of the
waves at different wave frequencies (varying msfmed)

3) Position the second barrier about 3 cm from thet ne to form a
slit. Investigate the effect on the resulting difftion pattern of
varying slit width for a fixed wavelength and of rymg
wavelength for a fixed slit width.
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Figure 4.15: A spreading of waves occurs into the region behind thedosu(slit)

In the figure above, you can see, where plane wapgsoaching from
left, spread out in circular arcs after passinguigh a hole in a barrier.

Demonstration: You can see effects which arise fthen diffraction of
light from a simple experiment which students canfgrm right at their
seats. Let students held up their left hand at @ulemigth, with the first
two fingers close together, so that there is aowarslit through which
light can pass through them. Look through this &lia bright source of
light, such as a white cloud or a bright electnidbb Then bring up your
right hand just in front of your eye, again withatfingers close together.
Ask students this question: can you see a serigsrtital bands of light?
Notice that the width of pattern is wider than thieth of the second slit,
and the light must be spreading out after pasdingugh this slit. If the
fingers close to your eye are opened out, the npatidisappear and the slit
alone is seen. If the fingers are closed morep#igern gets fainter and at
the same time broadens out.

The spreading of waves is most noticeable in tise cd sound waves as
well. Note that the wavelength of sound waves cannbthe range of a
few centimeters to a few meters.But, the spreadingreater and that is
why we are able to hear round corners even thougimay not be in a
direct line of the source.

Concluding Activity: After you recapitulate the basic underlying points
of the lesson, let students practice in groupsatiievities which sows the
diffraction waves.
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Define the term interference
Distinguish between constructive and destructiverference.

Starter Activity : Start the lesson relating common experience obsdetio
clarify the concept behind and make learning eAdsk students if they
have seen beautiful colors on the surface of tloargt in wet streets
where some petrol or oil has spilled? Highlighthoof these effects can
be explained by applying the concepts and behawvionsaves.

Main Activity:

It is evident that two balls cannot occupy the sgomt of space at the
same time. Whereas a material object like a bdllnet share its space
with another ball, more than one vibration or waes exist at the same
time in the same space. If we drop two balls inenahe waves produced
by each can overlap and form imterference pattern. Therefore, unlike
particles, waves can pass directly through eaadtroth

When two or more waves are simultaneously predetfieasame space at
the same time, the displacements add at every .pdihis is the
superposition principle So when the crest of one wave overlaps the crest
of another, their individual effects add togetherproduce a wave of
increased amplitude. This is callednstructive interferenceWhen the
crest of one wave overlaps the trough of anothmiy individual effects

are reduced. The high part of one wave simply fillghe low part of
another. This is calledestructive interference
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Figure 4.16: Interference of waves




To clarify the principle of superposition you caitecsome common
experiences such as-When waves on a lake hit tbee,sla smaller

reflected wave travels back to sea. When reflestades meet incoming
waves a short swell occurs in which the crest & tombined waves
equals the sum of the heights of the two individwalves, causing the
swimmer nearby to rise higher for a short periodirok. It is clear from

such observation that waves travel through the aigdiependent of each
other. This independence helps us to hear the soumdlividual trumpet

from the midst of the music band.
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Figure 4.17: Constructive and destructive interference

Demonstration: You can demonstrate interference by putting twgdis
close together, leaving a very small gap. Bring fthgers very close to
one eye, closing the other eye, and an interferpatern of vertical lines
can be seen in the gap between the fingers. The sdfact can be
achieved if two slits are cut in a piece of pajgrnt the paper with a sharp
edge such as a scissor or a razor blade. Thessldsld be very close
together and about the length of the index finger.

Concluding Activity:

Without a water wave apparatus that allows relgtiv@gh, uniform

frequencies for the two point sources, it is nosgiole to observe
interference between the waves. This activity Bhilstrates two things: 1)
the analogy of two point sources for water wavex] how the waves
from these two sources spread out as circles arnide?jact that the two




waves are not affected by each other except pgsatthe points where
they cross each other.

Fill the two eye droppers with water, and hold th&ipout 3 cm apart and
about 5 cm above the surface of the water in thagti. Squeeze the
droppers so that drops fall from both at the same #t a fairly fast rate.
Use observation sheet to sketch the wave pattatrytu observed.

1. Describe the wave pattern you observed. Is theyeewnlence that
the waves from one of the point sources are chahgdte waves
from the other point source when they cross eabbr@t paths?
Explain.

2. Why are you able to hear the sound of a guitar simitle
collection of sounds generated by the band?

3. Place the water trough on the overhead projectat,fdl it with
about 2-3 cm of water. Use an eyedropper or syriredeé about 5
cm above the surface of the water to drip dropghencenter of the
trough at a steady rate, and watch the patterh@mwall or screen.
Observe what happens with fewer drops per secomld naore
drops per second.

A. Describe the water wave pattern you observed, antpare it
to your prediction. What is the shape of the obetgon with
more drops/sec observation with fewer drops/seemwaves
from a point source?

B. What happens to the spacing between the water waasts
(and troughs) when the number of drops per secand i
increased? Decreased?

Note: The number of drops per second is called ftieguency, and the
spacing between the crests is calledviheel ength.

Teaching note:

It takes a little practice to be able to producepdrat a constant rate, and
to vary the rate. However, it is possible to getenpatterns of circles
spreading out from the point where the drops latwiater. These patterns
are clearly visible on a screen or wall using aerbead projector. Student
observations should be in line with figure below.




Figure 4.18: Patterns of circles spreading out from atpoi

The waves are shaped like concentric circles whtn point where the
drops hit the water as the center. When the numbeérops per second is
increased, the spacing between the waves cresteades. When the
number per second is decreased, the spacing beth@erests increases.

++



Explain how scientists use seismic waves to loctie
epicenters of earthquakes.
Distinguish between P-waves and S-waves

Starter Activity: You can relate this lesson with prior conceptsrea
about waves. Associate the parameters of waveetsuhface waves on
the earth. The magnitude of an earthquake is tieeggrreleased at the
focus of the earthquake. It is measured with thip loé an instrument
called seismograph. The instrument's reading (aongdi of seismic
waves) indicates the amount of strain energy relkdy an earthquake.
The greater the wave amplitude, the greater theninatg.

Main Activity: Earthquakes generate seismic waves that traveughr
the earth. The P-wave (primary wave) is a longitatlior compression
wave in which the particles vibrate parallel witketline of the wave’s
propagation. The S-wave (secondary wave) is aveass wave in which
the displacement is at right angle to the direcoérwave propagation.
Since P-waves travel fastest, they arrive firghatseismograph, followed
by S-waves. P-waves and S-waves, carry energy &waythe focus of
an earthquake .A seismograph is an instrument tgetheasure the
strength of an earthquake. It is a sensitive insémt that measures and
records seismic waves. When a seismic wave shhkeseismograph, the
pen marks zigzag lines on a revolving paper rdtle Tines are similar to
this:
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Figure4.19: seismograph and seismogram

By carefully timing the arrival of the P and S wayaseismologists are
able to determine the epicenter of an earthquake the size and




orientation of the active fault. Scientists cancaédte the distance to the
epicenter of an earthquake by reading the seismogral calculating the
time difference between the arrival of the P-waaed the S-waves at the
seismograph.

It takes readings from three seismograph statiohsciate the epicenter of
an earthquake as seen in the diagram
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Figure4.20: Epicenter determination

Assume a scientist finds that the distance fronti@taA to the epicenter
of an earthquake is 1,000 kilometers. The epicettierefore, might be at
any point on a circle with a radius of 1,000 kilders around station A on
a map. The scientist draws this circle around &tafi on a map. Assume
that scientists at Station B and Station C have &ad the charts and
determined the distances to the epicenter to be IG@dneters from
Station B, and 400 kilometers from Station C. Sksts draw circles
around their stations at B and C on maps, usingdistance to the
epicenter for the radius of each circle as befditee epicenter of the
earthquake, shown on the previous diagram, is thet pvhere the three
circles intersect on a map.




Describe how sound waves are produced and proghgate
State the properties of sound waves
Identify the factors that affect the speed of soumnair

Starter Activity: You may initiate this lesson by highlighting the
significance of sound waves. There are severalstyfpavaves in nature,
but two are particularly significant to us .These sound waves and light
waves which are the basis of hearing and seeingséltwo waves are
essential to our perception of the environment. Sterce of all sounds
consists of vibrations of an object sending out @gathrough the medium
in which it is placed. In this chapter we disculss properties of sound
waves, their propagation, transmission and theadgpetion by vibrating
systems.

Main Activity: Sound waves travel through gases and they traxaligi
liquids and solids as well. Every source of souad h vibrating body.
When drummer strikes the drum, you hear the sotitkdeodrum and feel
the vibrating membrane. The sound stops when thebrene stops
vibrating. When you pluck the string of a kirar, masinko you will not
only hear the sound of the vibrating string but wito be able to see the
vibrations of the string. Similarly, when you bloav whistle, it is the
vibrations of the air in the whistle that produties sound you hear. Your
voice is also formed by the vibration of your vocatds.

When the prongs of a tuning fork move forwards, direin front of it is
compressed; when it moves backwards the air irt fobit is rarefied. If
the prong oscillates continuously, successive regiaf compressed and
rarefied air are formed. The compressions andaatiehs move outwards
from the source but the air itself does not movevawds. Compare this
behavior with the water waves produced in a rigpl& or longitudinal
waves produced in a spring

+6
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Figure 4.21: sound waves

In all the above case sounds were produced wheassslich as metals,
membranes, strings and air vibrated to and fro. &@ergy was then
transmitted by longitudinal waves. Can you thinkanofexample of sounds
being produced by a moving liquid? In general ssuack not produced
by vibrating liquids, although sound waves candtdkirough liquids very
easily.

Most sounds that we hear are transmitted throughath However, any
elastic material whether solid, liquid or gas aam$mit sound.

Air is a poor conductor of sound when compareddiids and liquids.

Carry out the following activities and compare tbedness of the sound
heard. You can hear the sound of a distant traireralearly if your ear is
placed against the rail. Similarly, a watch placad a table beyond
hearing distance can be heard if you place youte#ne table. Or click
some rocks together under water while your eaulsnerged. You'll hear
the clicking sound very clearly. If you've ever bediving under water in
the presence of motorized boats, you probably edtibat you can hear
the boats' motors much more clearly under waten thbove water.
Liquids and solids are generally excellent condwgctof sound much
better than air. The speed of sound is genera#atgr in liquids than in
gases and still greater in solids. Therefore, splituids and gases
transmit sound, but sound cannot travel in a vagudanthe transmission
of sound requires a medium. There can be no soltigire is nothing to

compress and expand.

Sound is a form of energy, but weak when compaveattier forms with
which we are familiar. While engineers and sciesteare busy at work
learning how to tap the energy of wind, sunligides$, and alternative
fuels, no research is being done on harnessingrteéryy in sound because
it is insignificant or weak.




Concluding Activity: You may wish to sum up this lesson by reinforcing
the core point thaany source of all sound has some part which is
vibrating. Sound being mechanical waves needs aumedolid, liquid or
gas for its transmission.

Check whether students gain a clear knowledge adédrstanding of the
production, transmission and propagation of sourales, using the
following discussion questions:

1. Give evidence to support the statement that sosna form of

energy.
2. Describe in short an experiment to verify that sbaannot travel
through a vacuum
3. Describe an experiment which shows that sound darenel in a
vacuum.

+3



Identify a normal audible frequency range.
Distinguish between infrasonic and ultrasonic fiegies.

Starter Activities: You may wish to start this lesson stating the ptiat
the human ear is sensitive to a wide range of frecjes, and then ask
students to name some animals which can percepguéncies that
humans cannot. Discuss students’ experience tham witomes to certain
sounds, the ear is not the most sensitive patlteohtiman body.

Main Activities: The sensation of hearing arises as the restifteo&ction
of mechanical vibrations of the human organs ofrihga A human ear
can perceive vibrations of definite intensity; witlequency limits from
20Hz to 20,000Hz.This is the audible frequency eang

For a sound to be heard, the sound waves must tkeadtearer’'s eardrum.
When this happens, the eardrum is made to vibrate the same
frequency as the waves themselves.

Our ears are able to detect sinusoidal sound waitesrequencies in the
audible range. Low frequencies are perceived dsva pitch’ note while
high frequencies are heard as a ‘high pitch’ n@aer high-frequency
range of hearing deteriorate either with age ora assult of exposure to
loud sounds that damage the ear.

Sound waves exist at frequencies well above 20,208hbugh humans
cannot hear them. These are calldiasonic frequencies, because they
are above the normal hearing limit. And sound wavelow 20Hz are
calledinfrasonic frequencies, for they are below the normal healimd.
Oscillators vibrating at frequencies of many MHz able to generate
ultrasonic waves used in ultrasound medical imagiNgtice that a
frequency of 350 KHz corresponds to ultrasonic vgaeé wavelength
0.001m; and a frequency of 3MHz traveling throughtew, which is
basically our body, at a speed of 1480m/s has &lagth of 0.5mm.lt is
this very small wavelength that allows ultrasoundirhage very small
objects.

Concluding Activity: After you make a short, concise concluding
remarks emphasizing on the core points of the fesBorm groups in a




class and allow students to discuss and come upshitrt explanation on
the following questions.

1. Can we hear sounds of all frequencies? What arasohic?

2. Why is a man’s voice different from a woman'’s vdéice

3. Calculate the wavelength of ultrasound in wateitsf speed is
1400m/s and its frequency is 500 kHz

+<



Define what is meant by the term echo
Determine the depth of a liquid using echo deptlhindang
method.

Starter Activity: Start the lesson by posing questions as :how derwat
waves reflect? After you hear their response yau maceed the lesson
stating that like water waves, sound waves willreected when they
meet an interface between media of different dexssit

Main Activity: When sound waves meet the boundary between one
medium and another, just like water waves, someggnis transmitted
into the other medium, and some is reflected. Téfkeation of sound
wave is referred to as an echo.

The proportion of energy carried by the reflectedral wave is large if
the surface is hard and smooth like stones andiflébs surface is soft
and irregular. Sound energy not carried by theeotdld sound wave is
carried by the transmitted or absorbed wave.

Sound reflects from a smooth surface the same watylight does—the
angle of incidence is equal to the angle of reibect Sometimes when
sound reflects from the walls, ceiling, and flodr @ hall room, the
reflecting surfaces are too reflective and the dobecomes distorted.
This is due to multiple reflections calle@verberations. On the other
hand, if the reflective surfaces are too absorlibetsound level would be
low and the hall would sound dull and lifeless. STl mainly done in
concert halls and studios or musical recordingesyst

A simple activity to demonstrate the law of reflentof sound waves can
be illustrated as: A ticking sound from a watclsest out through the tube
in a certain direction. The second tube, whichasnected to the ear, is
moved until the reflected sound of ticking is atximaum. Keep one ear
close to the upper end of the other tube, and hibldsube at different
angles until the ticking of the watch sounds louddrthat point, a large
protractor is used to measure the angle between @athe tubes and a
ruler held perpendicular to the wooden board whieeetubes meet. When
this is so, it is found that the angle of incideacel the reflection of sound
at the reflecting board are nearly equal.
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Figure 4.22: Law of reflection

An ultrasound source placed on a ship sends ulirebgulse into the
water which is propagated in a definite directidhen this pulse is
arriving at the sea floor it is reflected and immsotime the reflected wave
reaches a receiver on a ship. The measurementleotirhe interval

between the instances when the pulse is sent artveel make it possible
to determine the depth of the sea floor.

Concluding Activity : After you make a summary of the key ideas in the
lesson, confirm whether students meet the expeotgdctives using
practical activity as

Measure the speed of sound using echoes. Let stugtegroups do this
experiment outside of school time.

1. Find a big building with a large flat wall in a oablace.

2. Stand a long way away from the wall and clap handsrike bang
of two board’s together .Listen for the echoese#d from the
wall.

3. Adjust the rate of clapping in such a way thatamatoincides with
the return of the echo from the wall.

4. Measure the time taken from the first clap to heathe echo of
clap 11 at this particular rate > this is 10 clajgivals.

5. Repeat this observation and find a mean or avetiage for the
two measurements.

6. Measure the distance from the position of the aapp the wall.




Determine the speed of sound in air.
Describe the factors that affect the speed of sound

Starter Activity: You may start this lesson highlighting the fadttthe
speed of sound waves depends on the propertiehieofmedium. A
thermodynamic analysis of compressions and raiefectshows that the
wave speed in a gas depends on the temperatureratite molecular
mass of the gas. For air at room temperaturé@2@he speed of sound is
343m/s.

Main Activity: A distance as small as 100m is enough to notiskght
delay between when you see something such as hangremail, and
when you hear it. If we watch a person at a digtastropping wood, we
can easily see that the sound takes place an agipleet¢ime before its
sound reaches our ears. Thunder is heard aftash @f lightning is seen.
These common experiences show that sound requitessognizable time
to travel from one place to another. The speedohd depends on wind
conditions, temperature, and humidity. It doesdeyend on the loudness
or the frequency of the sound; all sounds traveahatsame speed. The
speed of sound in dry air at 0°C is about 330 seper second.. Water
vapor in the air increases this speed slightly.nBowavels faster through
warm air than cold air. This is to be expected heeahe faster-moving
molecules in warm air bump into each other morerofind therefore can
transmit a pulse in less time. For each degreeimigemperature above
0°C, the speed of sound in air increases by 0.@mpetr second. So in air
at a normal room temperature of about 20°C, soumkls at about 340
meters per second.

As with other mechanical waves, the speed of adaousve depends on
the properties of the medium through which the waseels. As you can

see from the table, sound tends to travel fastequmds than in gases, and
faster in solids than in liquids.

Substances (at 2C ) | Speed (m/s
Gases | Air 343
Liquids | Fresh water 1483
Solids | Glass 5640




Liquids and solids are less compressible tharaanl, that makes the speed
of sound in liquids and solids higher than air.

The speed of sound in air depends on the air teatyrer The equation
shows that the speed of sound increases withrapeeature.

V= V¢+ (0.6m/sC) T °C

Where \§ = 331m/s is the speed of sound in air &l00The speed of
sound is a little bit lower at lower temperaturad a little higher at higher
temperatures.

The simplest method that we use to measure thelsgese sound wave is
to use a clock to measure the time between thedigtving and the sound
being heard.

Another method is to use echo sounding. An eclhe&d when the sound
is reflected. You hear the echo after the initalrsd because the wave has
to travel out and back again.

Speed=distance/time= 2S/t

Where s is the total distance traveled by the sauanee and t is the time
taken.

The reflection of sound can be used for measuheglepth of a lake at a
certain place. The device used for this purposealed sonar which is

carried in the ship. The device emits ultrasoniangb (high frequency)

towards the bottom of the lake. The sound reflettah the bottom of the

lake is received by the device .By measuring time tiaken by the sound
to return to the ship and knowing the speed of danrwater, we can find

the depth of the lake at that particular place.

The speed of sound can also be used to determstande from a
thunderstorm. Seeing lightning before hearing tientler is due to the
relatively low speed of sound compared to thaigftl By measuring the
number of seconds between the flash of lightninjpdeseen and the
thunder being heard, the distance away of the stoay be estimated and
by repeating the procedure it can be determinedhenher not the storm
is approaching or retreating.




Example: On a hot summer day of temperatur®C3@ hiker shouts into a
cliff. He hears the echo 2 seconds later. How feayais the opposite side
of the cliff?

Known variables:
Temperature C=30°C

Time t=2s
Speed of sound=V

Distance to the other side of the cliff=S
The steps or strategy we need to follow to solve ghoblem is:
1. Determine the speed of sound in air at 30.0°C.
2. Use the speed of sound and the time for the sautrdvel out and

back to determine the distance to the other sideetliff

The physics principles and equations we use toldgatis problem
includes:

The equation for the speed of sound in air is,

V= V+ (0.6m/sC) T °C
V=331m/s+ (0.6m/sIC ) (30°C)
V=331m/s+18 m/s

V=349m/s

Now that we have determined the speed of sound;amedetermine the
distance to the other side of the cliff

V= S/t Definition of speed
V= 2S/t Total distance
S=Vit/2 Solve for S
S=(349m/s) (2s) /2  Substituting values
S=349m

Concluding Activity: You canprovide the class with a quiz and have
quick check to see if they have understood the eqmiscintroduced in the
lesson. If students have trouble with the quiz, tleem reread their
textbook, ask their teacher for study aids that walérify concepts, or
discuss the material with a fellow student. A sienphd yet useful and
helpful quiz may look like:




1)

2)
3)

4)

Calculate the speed of sound if a wave of wavele@gdm that
has a frequency of 700Hz.

Why do the vibrations of a tuning fork rapidly diay?

An ultrasonic sound is sent from a ship towardskib#om of the
lake .It is found that the time elapsed between sbeding and
receiving of sound is 3 seconds. If the speed ahdan water is
1483 m/s.Find the depth of the lake.

The time between a flash of lightning and crackhafnder is 4
seconds. How far away is the observer from thens2oAssume
that the speed of sound in air is 331m/s? Why dothimk that the
thunder roars for sometime after the lighting flash




Describe how sound waves refract.
Identify the frequency of a waves do not changethes wave
moves from one medium to another.

Starter Activity : You may pose the following questions to let shide
remind what they had learnt about refraction inghevious lessons. How
do water waves refract? What are the conditiongssary for refraction
of water waves to occur? After you hear their resgs, continue your
lesson pointing out the fact that like water wavasnd waves are also
able to refract.

Main Activity: It is not easy to show in a school laboratory thaind
waves can be refracted .However; there is amplaraaevidence that
sound waves are refracted. Have you ever noticadsttunds produced at
ground level can be more easily heard during tlghtnihan during the
day? This is explained by refraction.

In order for refraction of sound to take place, Weaves must be incident
on the boundary between two media in which the ¢p&Eesound has
different value.

The refraction and reflection of sound on the iiatee between the layers
of the air having different temperatures makespifepagation of sound in
the atmosphere complekchoes are common examples of the reflection
of sound, but its refraction, which has been fotmdake place in the
atmosphere when particularly loud sounds are trdatesimover a large
distance, is less common.

For example, at night the air near the ground @esathan the air higher
up. Thus the sound waves travel faster as they igbheh and the
separation between the wavefronts increases aegiesights as shown in
the figure below (figure 4.23). The direction cdvel of the sound energy
is shown by the sound rays corresponding to theseefronts; the sound
waves are refracted downwards towards the ground.




warmer air

Cool air

Figure 4.23

During the day the layers of air near the grounav@amer than the air
higher up; so the wavefront is bent upwards overhtbad of the listener.
Since the temperature falls with height, so doessfieed of sound waves;
they slow down.Therfore the sound waves bend tosvéind normal as

they rise.

sound travles slower in
cooler air

sound travels faster in warm
air

Figure 4.24

It is possible to observe during refraction velpaind wavelengths of
waves change where as frequency of waves remastaianVelocity and
wavelength of wave coming from deep part of wadektto shallow part
decrease. The diagram shown below (figure 4.25)sHhbis change in the
velocity and wavelength of waves.
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Concluding Activity: After you sum up the main ideas of the lesson .let
students submit group report on the following cqteal questions.

1. Why does sound travel further on cool nights thamarm days?
2. How can relatively low sounds (e.g. normal conviosd travel
long distances over water?




Cite evidence that sound waves undergo diffraction.
Describe an experiment to show that sound wavedifiracted.
State the right conditions for sound waves to [fieadited.

Starter Activity: You can initiate the class reviewing the past lassas:

Since sound is a wave motion, it will undergo d@ifftion given the right
conditions. You can carry out the following demeagon as a starter
activity.

Close all the widows and doors of a room Ask onthefstudents to speak
normally in the room from a position directly bethithe closed door, but a
few meters away from it as shown in the figure 428 someone else to
listen at various positions A,B and C,outside tbenn and to report on
whether he or she can hear what the person insiskeying.

O Speaker

/

A = open door way

n B ] g C ]

Figure 4.26

You will observe that not much is heard. Now refgbatexperiment with
door open. You should find that the speaker inrtam is heard clearly
from position C, and again from position B and plagsrom position A.

The sound is heard at C because the waves paggstiaough the open
doorway. The sound is heard at B because the souaveés reach the
listener after diffraction at the doorway. Similathe sound is heard at A




because of diffraction; the waves have been diffichanore than those
reaching B.

Main Activity: Sound bends around corners and when it passasggthro
an open door it doesn’t just remain in a narrownbéat spreads out in all
directions. The wavelength of sound waves variesfabout 20 cm to 10
m. The wavelengths which are similar in size to,langer than, the

aperture they are passing through are diffractestmo

Being able to hear round a corner is an everydagmance that indicates
sound is easily diffracted.

The spreading of waves is greatest when the leogtthe wave is

approximately the width of the opening. The wavgtas of humans’

speech are in the range 1-4 meter. Since the waythl®f human speech
are comparable to the dimensions of doors and wisd@ substantial
amount of diffraction occurs enabling us to heaopgde who are talking

even though they may be standing around a corneutside a door.

While the wavelength of visible light is so smalbnepared to the
dimensions of doors and windows little diffractiaf light occurs
,making it impossible to see people if they arenditag around a corner
even though we may hear them speak.

Concluding Activity:  After you sum up the basic underlying concepts
of the lesson; give them an assignment to browsenat and share ideas
among the students in class.
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Describe the effects of interference of sound waves
Distinguish between constructive and destructiverfarences.

Starter Activity: You can begin the lesson reviewing the previoasdas

on interference of water waves. Let student aplpéy doncepts learnt to
answer this question-What happens to the mediue @dint where two
sound waves traveling are present simultaneously?

Main Activity: one of the most basic characteristics of waveshés t
ability of two waves to combine into a single wavieose displacement is
given by the principle of superposition. This syjaesition or combination
of waved is referred to as interference.

When we combine two in-phase waves, using the ipfancof
superposition, the net displacement at each peintice the displacement
of each individual wave. The superposition of twaves to create a wave
with amplitude larger than either individual wawe dalled constructive
interference. A superposition of two waves thatat¥e a wave with
amplitude smaller than either individual wave isllezh destructive
interference.

Demonstration to illustrate constructive and destrictive interference

Place the two speakers facing the same way, abduh®@ 1 m apart and
use frequencies of around 3000 Hz. Walk slowly leréo the speakers
and a couple of meters from them, with no intermgnobjects alternate
constructive and destructive interference.

Consider the two loudspeakers in the figure. Thandowave from
loudspeaker 2 passes just to the side of loudspedkehence two
overlapped sound waves travel to the right alorgxfaxis. We want to
find out what happens when two overlapped waveglran the same
direction along the same axis.

The figure 4.27 shows a point on the axis whereotlexlapped waves are
detected by your ear or by a microphone
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Figure 4.28

Concluding Activity: Recapitulate the underlying concept of the lesson
highlighting the point that since sound is a wavetion sound waves
superpose rather than collide when they meet, doapto the principle of
superposition. They pass through each other anefteets are additive.
Assign students in group to state experiences whiticate the effects of
interference of sound waves.




Define what is meant by intensity of sound wave.
Apply the definition to determine the intensityafvave.

Starter Activity: You may wish to initiate this lesson by reminding
students the point that sound carries energy. it beaa small amount, as
when someone whispers in your ear, or it may behnmougre, as when the
thunder cracks. Sound intensity is used to chaiaetéhe power of sound.
It is defined as the power of the sound passingeosticularly through a
surface area.

Main Activity:

The intensity of sound is the amount of sound poter rate at which the
energy being transported, in a wave as it passpepaicularly through a
surface area. Because sound waves spread as die; the intensity of

sound weakens as you move farther away from a ssomate. The power
of the sound coming out of the horn has spread ageater area for the
second listener. From everyday experience we kiawthe intensity of

sound decreases as we move further from the soWeehear a less
intense sound.

Sound intensity equals power divided by the surtaea. The power must
pass perpendicularly through the area. The uniés veaitts per meter
squared.

When sound travels freely in every direction, ftgensity diminishes with
the square of the distance from the sound source.

I=P/4 r?
Where

P = power of sound source
r = distance from sound source

Note that The denominator of the expression for intensity4is?, the
expression for the surface area of a sphere.
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Figure 4.29
Worked Example:

A point source emits sound waves with an averageepwutput of
80Watts.

A. Calculate the intensity 3m from the source.
B. Determine he distance at which the intensity ofstiend is 1X16
W/m?.

A point source emits energy in all directions, e tfrom of spherical
waves and applying the equation,

I=P/4 r?

|I= 80W/4 (3m)?
1=0.71m W/nf

Using the value we obtained for | in the equatanmg solving for r gives:

= JPI4m
Substituting the corresponding values,
r=2.5 X10' m.
Concluding Activity:
After you make a summary of the lesson, have stsdasme up with the

solution of the following problems on the intensy sound waveslf
students have trouble with the problems, motivdtent reread their




textbook, ask their teacher to help them approathing problems with
confidence, or discuss the material with a felldwdsnt.

1) You are standing 8m meters from a sound sourcerdld@tes equally
in all directions, but it is too loud for you. Hofar away from the
source should you stand to experience one thirdntleasity that you
did at 8 meters?

2) 17 meters from a sound source that radiates fieedll directions, the
intensity is 0.00460 W/f What is the rate at which the source is
emitting sound energy?

3) Sound spreads radially in all directions from arseuwith power
20 W. If the intensity you experience is 3.00%10/m? how far
away are you from the source?
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