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EFACE

Some students think that physics is foo difficalt a discipline to learn, This is due to

a lack of discussion and demonsivations of the present day nuses and practical appli-
cations of pliysics concepts, theories and equations. This leaves the pupil with lack
af entlusiasm and the impression rhai plysics has more io do with the world of the
il rather than what i really Is a sclence. Sclence Is a discipline, which Is based in
the real physical world and its foundation is practical applications and data from the
physical world.

We have tried to explain the concepis in this boek in the mosi understandable way
and have taken advantage of the natiral ability of young people to instantly and

intultively grasp concepts throwgh graphics. Full cofonred figures and photographs
support the explanations.

This book explains the phenomena related 1o 7 intermediare Srde subjecrs.
This boek aims to improve the level of understanding of modern physics by inclusion

of the following; main texts, figures and illustrations, extensive guestions and artic-
Tex,

The Authors
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CHAPTER 1
HISTORY OF PHYSICS

PERFORMANCE INDEX

After completion of the study this chaprer the student
should be able to:

[. Know the History of physics.
2. Know The Arab and Muslim Scientists.
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HISTORY of PHYSICS

Physics is & branch of science that developed out of philozophy, and thus was
referred wo.as natural philosophy wuntil the late 19t century - a term describing
a field of study concerned with “the workings of nature”™, Currently, physics is
traditionally defined ax the study of matter, energy, and the relation between
them. Physics 15, in some senses, the oldest and most basic pure science; its
. discovenies find applications throughout the natural scicnees, since matter and
energy are the hasic constituents of the natural world, The other sciences are
generally more himmied 1o their scope and may be considered branches that
have split off from physics to become sciences 1o their own night. Phvsecs to-
day may be divided loosely into classicel physics and modem physics.

Elements of what became physics were drawn primarily from the fields of ast-
ronomy, epiics, and mechanics, which were methedologically united through
the study of peometry. Theze mathemancal disciphines began in Antiquity with
the Babylomisns and with Hellenistic writers such as Archimedes and Plolemy.
Meanwhile, philosophy, including what was called “physics™, focused on exp-
lanatory (rather than descriptive) schemes, largely developed around the Aris-

=

totelian idea of the four types of “canses™,
{RAR gud MTUKXIIM SCTENTIETY

Dring the period of time known as the Dark Ages (Sth to 15th centuries),
much scientific progress occurred in the Muslim world. The scientific research
of the [slamic scientists 15 often overlooked due o the canflict of the Crusades
and “it"s possible, too, that many scholars in the Renaissance later downplayed
or even disguised their connection to the Middle East for both pelitical and
religious reasons.™ The Islamic Abbasid caliphs gathered moany classic works
of entiquity and had them transloted mto Arabic within the House of Wisdom
m Baghdad, Irag. lslamic philosophers such as Al-Kindi (Alkindus), Al-Farobs
{Alpharabius), and Averroes (Ibn Rushd) reinterpreted CGreek thought in the
context of their veligion, Thn Sing (980 — 1037}, known by the Latin namg
Avicenna, was & medical researcher from Bukhera, Uzbekistan responsible for
important contributions to the disciplines of physics, optics, philosophy and
medicine. He is most famows for writing The Canon of Medicine, a text wsed
to teach student doctors in Furope until the 1600s.

Tmiportant contributions wene made by Thn al-Tlxytham (965 — 1040), a mat-
hematician from Basra, Irag considered one of the founders of modem optics.
Ptolemy and Aristotle theorised that light either shone from the cye o illumi-
nate obiects or that light emanated from objects themselves, whereas al-Hayt-
ham (known by the Labin name Alhasen) suggested that Fight travels o the eve
m rays from different points on an object.
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The works of Tbn alHaytham and Abu Rayhan Biruni eventually passed on
Wisstern Europe where they were studied by scholars sueh as Roger Bacon and
Witclo. Omar Khayyam (1048-1131), 2 Persian scientist, calculated the length
of & solar year to 10 decimal places and was only out by a fraction of a second
whien compared 10 our modern day calculations, He ased this o compose & ca-
lendar considersd more sccurate than the Gregoran calendar that came along
500 years later. He s classified as one of the world's first great science commu-
nicators —lhe is said to have convincedla Sufi theologist that the world fzrns on
an axis. Muhammad bn Jabir al-Harrani al-Battani (858 — 929), from Harran,
Turkey, further developed tmponometry (first concepiualised in Ancient Groe-
ce) as an independent branch of mathematics, developing relationships such as
tanf = sinf / cosB, His driving force was to obtain the ability to locate Mecca
from any given geopgraphical point — aiding in Muslim rituals such as burial
and prayer, which require participants to face the holy city, as well as making
the pilgrimage o Mecea (known as the hajj).

Furthermore, Masir al-Din al-Tusi (1201-1274), an astronomer and mathe-
matician from Baghdad, authored the Treasury of Astronomy, 2 remarkably
accurate table of planetary movements that reformed the existing planetary
mode! of Roman astronomer Plolemy by describing o uniform circular motion
of all planets in their orbits. This work led to the later discovery, by one of his
students, that planets actually have an elliptical orbit. Copernicus later drew
heavily on the work of al-Din al-Tusi and his students, but without acknowle-
dgment, The gradual chipping away of the Piolemaic system paved the way for
the revolutionary idea that the Eanh actually orbited the Sun (heliocentrism).
Jahir ibn Huyyan (721 = 815) was o chemist amd alchemist from Iran who,
in his guest to make gold from other metals, discovered strong acids such as
sulphuric, hydrochloric and nitric acids. He was the also first person to identify
the only substance that can dissolve gold — aqua regis (royal water) —a volatile
mix of hydrochlonc and nitnc acad, I s disputed whether Jabir was the first o
wse or descnbe distillation, but he wes definitely the first to perform it in the
{ab using an alembic (from *al-inbig'). The most famous Arabic mathematici-
an is considered to he Muhammad ibn Musa al- Khwanzmi (780 — 8500, wha
produced a comprehensive guide o the numbering sysiem developed from
the Brahmi system in Indin, using osly 10 digits (0-9, the so-called “Arabic
numerals”). Al-Khwanemi also used the word algebra (“al-jabr’) to describe
the mathematical operations he infroduced, such as balancing equations, which
helped in several problems.

Tbn Haviham







CHAPTER 2
MATTER AND

MEASUREMENT

PERFORMANCE INDEX

After completion of the study this chapter the student should be
able to:

1. Give a definition of matter.

2. Explain what is made up of matter.

3. Classify state of matter .

4. Understand the properties of matter.

5. Express how to measure: Length, Area and Volume.

6. Define the System International units.



Are light, sound and heat matter?
Why?

hﬁ-—

Natter anc
Measurement ‘-

L -

,’ animal

[solid = liguid + E;n'.!

How do we define matter? What is matter made up of?
Which one is heavier, iron or wool?

Why do we measure things? What are the units for
measuring very small things?

In this chapter you will find the answers to such questions.

21 MATTER

Everything around us such as air, water, plants, animals and the carth 15 all

matter. The living and non-living things on earth are different forms of matter.
Matter can be defined g1 anything which hes mass and volume. Light, sound
and heat ars not examples of matter becanse  they have no mass and volume.

To understand that mutter has mass, let us carry out the following activities.
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@Gﬁ#ﬁy Matter and mass

Take two balioons and a ruler. Inflate the balloons, Then, set
up & simple lever balance, as in figure &, When the lever is in
aquilierium burst one of the balloons and see what happens,

- "g "
@ciwl‘l}‘
This activity concems the melting of ice. Take a simple lever
balance, a glass and some ice Place the glass with ice on ome
side of the lever, and balance i with masses an the ather |

side, as shown in Rgure a. Wait until all the ice melts in the ::J""
glass and see if there [= any change in balance (Figure b). plexs

In the first activity, when the balloon bursts, the equilibnum position of the
ruler is lost, The inflated balloon falls while the bursied one rises. This shows
that the pas insade the balloon has 4 mass.

In the second activity, the balance is not disturbed afier the ice melts because
there s no decrease in the amount of matter. This also shows that solids and

ligquids have mass. So far, we have demonstrated that matter has mass. Now let
us see that matter also has volume,

@utiﬁiw Matter and volume

Take a glass half filled with water and put a stone in it (see = iy .
fiqure a) What do you observe? i }I "I]
Then take the stone cut and pour in some alcohol as shown || I1 | ':| '

in figure b, What do you observe? s there any change in the ;un;' @ E

tevel of water? o " 3

In the this activity, both the stone and alcohol have volumes, so when they are
placed in the glass, they increase the level of water,

Mow do the following activity to demaonstrate this physical fact
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igrﬂiwiiy Matter and volume

Have an emply bottle, sorme ofl ard a fureel. Put the funmned into the mouth of the bottle. Mow pour of into the
funined 1o fill the botthe as in the figure belowe What dio you obserse? Wy the oil does not enter the boibe?

Because the air in the bottle has a volorme=, it does ot allow
the il to fill in. Therefore e el must be raised a Bntlke, w0
that there s 8 gap for air to go out Then the o entering the
botile forces air out through this gap and Rlls up the botibe

Chet @ Bowl and A with weter Lets obsene an imdsible type of matter Take an emply glass and place &
crunched-up piece of paper in it (see Figure a), Turm the glass upside down and immernse it in the water
{Flgure B}, Then taks oun the glass, leeping B ineered and observe I the paper |5 wet ar not (Flgure ok

Did water &nter the glasc?
i »
- ﬁ I |
Pm"
& I &

Since the glass containg air, water cannot enter it, therefore the paper should
remngin dry.

In conclugion, we can ay that all matter has mass and volume. Mass ig the
amount of matter in an object and volume is the space occupied by that
maiter.

2. L. I Stures of Manter
Matter exists in three states. These are solid, liguid ond gas. A solid has a de-
finite shape and volume. For example glass, spoon, wood, paper . pencil and

ice are all solids.

Lowk at the pictures below, What can vou say sbouwt the properies of hguids?

Figure 2.1 Which forms of matter
are seen in the picture?
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A liguid has a definite volume but no definite shape, it takes the shape of s
container {Figure 2.2). Water, oil and alcohol are examples of liquids. The milk
in a bottle has the shape of the bottle, but when it is poured into a bowl, it 1a-
kcs the shape of the bowl. [1s volume, however, remains the same, Look at the
pictures below. What can you say about the properties of liquids?

A gas has netther a definite shape nor volume, it fills up the contain . For
example, a small amount of perfume can be smelt everywhere in a room. Air,
oxygen, hydrogen, water vapour and exhaust fumes are examples of gases
iFigure 2.3).

In the picture on the finst page of this chapler, we can observe the three states
of matter. The rocks and plants are solid, water is a liquid and air is a gas. Sece
Figure 2.4, state the name of the parts of the motorbike, Which is made up
from gas, solid and liquid?

Figure 2.4

LIL2PROPERTIES OF MATTER

Maiter has certain properties. Some of them, such a8 mass and volume, are
commaon for all substances. Diher properties hke boiling point, density, solu-
bility, etc... are charactenstic 1o cach type of substance. Now, let's see how we
can classify them:

Every substance has two kinds of properties.

1. Chemical Propertics
2. Physical Propetties

Figure 2.2
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23 CHEMICAL PROPERTIES

Chemical properties are properties thal change the nature of matter
Flammability, aciditiv, basicity, and reactivity with water are some examples
of chemical properties. When the chemical properties of a substance are
altered, it means a chemical change (new substance formed) occurned

Flammability 15 a chemical property

The rusting of iron is a
chemical change.

l’.-' LA PHYNICAL PROIPER FTRS
. o

Physical properties are the properties of a substance that can be observed and

s measured with outaliering the substance. Physical properties can be organized
s intensive and exiensive,
.

Extenseve Froperiies

Mass iz an exlensive property Extensive properties of matier depend on the amount of maiter involved, Ex-
ensive properties are also called common properties, such as mass weight,
volume, length and charge.

Fedemadve Properiies
|

Intensive propertics matter do not depend on the amount of matter given. In-
tenzive properties are sometimes called distinctive, or characteristic, proper-
tics. Color, odor, solubility, hardness, heat’electrical conductivity, melting’
?""m'ﬂ{'}' and some of its freexing point, boiling point, density, luster, ductility. malleability, etc. are all
Intensive properties intensive propertics.
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205 MOLECULAR PROPERTIES

Maner is made up of tiny paricles called aoms. Atoms are building blocks of
mutter. A group of atcms held topether is called a molecule. In the figures be-
low, the atom is represented as a small sphere.

In a solid, the partictes are packed very closely ogether, each particle is tighily
fixed in a position (Figure 2.5a)

In & liguid, the particles are almost as close as in a solid, bul they can move
over each other. Therefore, a liquid can flow and takes the shape of the con-
tainer it is put in. The liguid has no definite shape although it has a definite
volume (Figure 2.5b),

In a gas, the particles are far away from each other. They can move freely in

all directions. Therefore, gases have no definite shape and volume, they
expand to fill up their container (Figure 2.5¢)

_Faas 4

', o & oe

. "I % s ®
i | e
- e w e o o a
a) Particles in a solid b) Particles in & liquid c) particles in a gas

Figure 2.5 The arrangement of particles in solid, liquid and gas sute,




Chapter - 2

BN

Plasma is the fourth state of matter

Pi-:u'r-!: Aurara

~as no definite volume or shope
and contalng el:::h-u:u':u ch:rge-:i particles
Flasmas ore sollection l.'II |' EE:H mioving particles
Plauma lamperatures may change biud 1|'H:'5! are
ﬂﬂr.ﬂ-.“:l.i:\.H rary hot (o fow thousonds to milllons n{
|§|;-E.r|=_he*. ). Flsoragcant ||E"-I el '|:!'|!- - ntendity arc
lomps ore some axomples of whers plasma con be seen In
addition o thesa, oy |'|rr\-.'.i..:'1r- 1o r.||1|_.: arE more |IF.'.||:'!|:'rr'|
uainy i.?:illlll'.? ’.l:..'il-'lu|l..::'|u=| ':_Lrl'\f.uli:l chipn, aircrall
parts, systema ':rur wle -!i'lr-'rmg.] wealer '-IE|!' e_f[-r.-enr'b
lighting products are oll exomples of these

|.|.-l.'|u'l.l|l.|u_l1.-:. The word P o m  entered

pur e llomar ey In 1929,

Bieirs in madvrres Flame
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2.3 MEASLUREMENT

Every day, we make many estimations, For example, the distance from home
to school, the time 1o do homewaork, the air temperature. However, these est-
matiens are nol very exact and sometimes they mislead us. Therefore, scien-
tists make measurements rather than estimale them, since they have to be very
accurtaie in their studies,

Measurements ome of the three methods used inscience. The others are ex-
perimentation and observation. A scientific study can only be uselul if we use
accurale mepsurements. Before making any measurement we have 1o choose
a standard, of a quantity. The following activity will show the importance of
using umnits.

@mi*iw Matter and volume

iksing a pencil, measure the length of ten different How, find the length and width of ten different places

chjects and make & table as shown such as the garden, canteen, classroorm ate, by pacing,
and write your results in the table as shown,

Object Measurament e o et
i, | Lemgtn of the book [#.g.}1.5 pancll length 1. | Lemgth ol e classroom {eup 110 sleps

2. | Width of the book e BRI (it 2. | Widkh of the garden O -+

3, | Height of the table e pENCH bangih 3. | Length of the cantesn ™ | ... sheps

4. a . =

5. 5 | =

6. | B |.

After finishing these activitics compare vour results with those of vour friends.
Dvo vou have the same results? The results should not be exactly the same, even
though vou measured the same things, because you have different kinds of
units, To ged the same results you should choose o standand length. An amount
or quantity used as a stundard of measurement 15 called a unit.,

Today, all over the world, scientists use a standard system of units to measare
the various properties of matter, This system of units i3 called intemational
systerm of units (51 - System International ).

1.4 metre
nizmber  Lni

A quantity and its wnit
The interngtional system of units is a decimal family in which units are divi-
ded or multiplied by 10 1o give smaller or larger units.

Length, mass and time are fundamental quantities we have to measure. The
base units to measure these quantities are the metre, the kilogram and the se-
cond, From these three units, we can drive units to measure volume, force,
energy and so on
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) Lenpith

The unit of length is the metre, represented by m. A mefre is divided mto smal-
ler units ¢alled centimetres (cm) and millimetres (mm) (o measure small dis-
tances. To measure length, metric rulérs are vsed. In the mednic system of
measurement, the metre is the internetional standard unit of length.

{Table 2.1}

'-"n._';r

i

Manotec is the area of science trying to understand and control

] of matter ot dimensions of nanoscale which is about 1 o 100
DRSS | A ranometers. The aim of nanotechnology & to control individual atoms
,:_ﬁ 1?:"@" and molscules to build computer chips, motors, rabot arms, machines
Y ll'.l”I”rII and other devices that are much more smaller than a human cell!
Tm T ey Manotechnology has & very wide range of study feld from micrabiology
1 dm 0.1 metres o space researches, The thickness of a strand of hurman hair s
1 em 0.01 metres between 50000 and 100000 nanomeires.
1 mm 0.007 metres

Tabde of convermon of length

b cosicy
o i By Area
T atkength
. Area 13 the size of the surface enclosed by its boundary limes, The area of a
Figure: Ao of & vesmangle rectangle is simply found by multiplying length by width (Figure).
A=L xw Az a formuila, we con sfafe it a5 follows;
Area =Length=Width in symbaols,
A=L ¥w
m If & surface has dimensions of | m length and | m width, its srea is | metre
: Aroa in squore squated or | square metre and abbreviated as | m?®, The units of area change in
_IAL::@:- mm g multiples of one hundred, see Table 2.2.
1 hm? 10 000 m?
1 dom? 1 00 m?
1m? 1 m*
1 dm? 0.01 m?
1 em? 0.000 1 m?
1 mm? 0.000 007 m?

Tabée of conyersion ol araa
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{ e wirea of irvepeeclar nljects

The area of irregular objects can be found with millimetric paper. The objoct
is placed on the paper. The area is caleulated by counting the enclosed square
centimetres and square millimetres drawn around it on the paper.

) Fardervmnie

The amount of space occupied by an object is called its volume, The volume of
regular objects is found by multiplving the base area of the object by its height
Figure(2.6 ). As a formula, it is stated as follows,

Volume = Base area * Height In symbaols
V=Axh

where. A= Lxw so that V = L sw sh,

A regular object with edges each of | metre has a volume of | cubic metre or
1 metre cubed and is abbreviated as | m’. As can be simply derived, the units

of volume change by multiples of one thousand, sec Table 2.3

Figare 2.6 Volume of a rectangu-
lar prism ¥V = L =ww =h

Abbreviation cubic metres

1 km? 1 000 000 D00 m?
1 hm? 1 000 000 m®
Adom® | 1000m®

A m? 1m?
1dm? 0.001 m®

1 em? 0.000 001 m?

1 mm? 0.000 000 001 m?

How can you calculate the inside
Table of comersion of valume volume of the box?
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txmaple 2. |

A clessroom has dimensions of 5 m, 6 m and 3 m. What 15 the volume of air in the room? Convert the result into
em’ and hm®,

Kenles ifisii { afcaelaivon

What i5 asked in the question? The volume of the air is;

The volume of air in cmand hoy', ¥=" V=5mx65mx3m=00n
What is the information given? Now, let us convert the unit,
The dimensions of the room, L= 5 m, W=6m, h=3 m.
What are the équations of volume ond the conversions
of its units?

90 m*= 7 emd | m*= 1 000 (M0 cm’, then

00 yy*= G0 x| ) OO0 crd= 90 Q00 00 em®
V=Lxwxh,

1 m'= 1 000 000 cm’

Exeroe 2]
A pool has dimensions of 3 m width, 8 m length and | m depth and iz full of water. How many dm’ of water is

there m this pool?
Ans s (N dm'

i i . O O O O O I O O O

Example 1.2
An aquanum having dimensiens of § dm height, 70 cm length and 0.4 m width iz half filled with water. Find the
volume of water in oy, dm’and cm®,

Solulien Calculation

What is asked In the question? First we hI: 1.:H:nhmtr! the
i lengtha and then vilLirme

Vobeme of sater i m?, dm? and om X V=2 of the e

What is the Information ghven? WV = Lxwxh

Dimensions of the aguarium, Ty = 0.4 mx»07 mx05m

T N R v, 0.04 m?, be the aquarium is half filled, th
= i, . DRCELSE a t
What are the equations of volume and the T " i

conversions of its units? 'J'.Hm!

W= L:ﬂwxh vﬂ = [L07 ITI:
I o= 10dm, 1 m = 10 oo,
V.. =3dm® Im'=1000dm’, then

i = 1000 dm?®, 1 m? = | 000 000 cm?.
= 0.07 m" = 0.07 = 1000 dm* = 70 demt?

Vaw = 2om®  1m? = 1000 000 er®, then
Viuter = 0.07 ' = 0,07 = 1 000 000 enr” = T0 000 cm”

vl*
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2.2.2 Voldume of Liguids

The volume of liquids is measured i cubic decimetres (dm®) or, more  gene-
rally, in litres, abbreviated as £ 1 litre 15 equal to | cubic decimetre and its units
change by multiples of ten (sce table 2.4).

||

Unit

1000 ¢
100¢
10
1¢
0.1¢
n_u] i Iy = JINE
0.001¢

Table of conversion of liquid volume

 decilitre

J\_!:Eu
;lﬂl
 decalitre
litre
_eentilitre
il

Arel~FrEE

T R R R R R R EE N EE R EEEEE R EEEE R NEEE EEEE TR EEET S ENEE R

Example 2.3

A large glass can hold 0.5 litres of milk and 2 jug can hold three glasses of milk. Find the volume of milk in the
jug in dm’, dl and mil.

Solution \ o E;

V . =05£+05¢+05¢=15¢ volume of mitk in the jug - |
P G NG o
Vg = 15¢=2dm?

oE L L L OF | 5L
L= 1dm’, 0 Vg = 15x1dm?=15dm’, o B s
| €=10d, 80 Vyp=15x10d = 15d4
| €= 1000 me, g0 Ve = 1.5x 1000 m = 1500 mt.
Exervine 2.2

Awaler lunk can hold 5 m? of waler, convert this value inte dm?’, dl und ml.

Sume SO0 A, S0 Al % 000 00 ml
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Wenswring the Valume of Liguids

The volume of a small amount of liquid is found by pouring it into & measuring
{graduated) eylinder (Figure 2,6 ). A measuring cylinder is a large and long
glass tube with a scale on it,

The cylinder should stand on 2 horizontal surface when you pour water info it.
To get & correct reading, your eye should be at a level with the bottom of the
meniscus, which is a downward curve at the top of the liquid

Figure 2.6 Fow do wit meavure the volume of feregulfor objecm”

To measure the volume of irregular ohjects, such as eggs or stones, we uge a
measuring (graduated) cylinder. To make it clear carry out the activity below,

»

@;‘i\*i‘}{ Finding 1he Valams af an irregular abject
Taka a gradeeaved cyliedor fill b hall wiidh oMo waper adesd _:'*‘w,"
rend the lewel. As wou Meser the stone In the cylimder, the = y
water bevel rissms s sson o e Ggue. Floally take e
g@oored remdlig, s Roie U AHREories. B e T Tes ¥,
resdings. The dilference gives the volurme of the saone. "1

e
Waiss ™= "r.i.:_"'l ,_

Faareple D0 A graduated cylinder i filled by colored water and level shows &0
em? . Tfa stone is immersed to water, level rises to 110 em?. Find volume of stane.

sl vt

Vaaons™ vz~ V] Voone=110 -80 =30 em?

To measure the volume of larger ohjects, we can use &n overflow can,

The can iz filled with water up to the spout, then a measunng cylinder

is placed under the spout as shown in the figure{2.7). As the ohject is gently
lowered into the can, the water overflows into the measunng cylinder.

The volume of water displaced equals the volume of the ohject

LI GAN EAWY

The relation hetween the iemperature, volume amd pressure of & gas. When
we stody paseous matter, we must deal with its lemperature volume and pres-
Figure 2.7 using overflow can gure, I one of these guantities is changed, the other two o at least one of thein
also chanpges.

There are three important ges laws analyzing the relation hetween temperature,
volume and pressure: Boyle's law, Charles’ law and the Gay-Lussac law

ir. Beple s liny

At constant temperature, the pressure of 2 gas in 2 closed container is inversely
proportional to its volume, As the volume of the container decreases, the pressure
of the gas increases. This is because the number of collisions of the particles
ingreases (Figure 2.8,

This foct, known as Boyle's Law, states that iy keeping rwemperibir

- - — ¥ - - .- . Fl ¥ —
comptani, the product of volums aid presmng ol i i iononnt of g s

Cansinl




i Matter And Messurememnt )

b Cleizefes " law

By increasing the iemperature of gases, the speed of the particles increases and
they strike the walls of the container more frequently, end forcing the con-
tainer to expand. Therefore at a constant pressure, the volume of a gas

is directly proportional to its temperature (Fipure 29). The experiment below
demonstrates the relationship between temperature and volume of a gas.

This is kmown as Charles” law. The law states that, At consian] pressare, thie
yolume of o certain amount of gas is dinectly proportional to the ahsolutc
ICmpeTmuTe

. (riny=-Laessoe s Law

For a gas sample st constant volume, an increase in femperature causes an ing-

rease in the gas pressure, As the temperafure rises molecules gain more energy
and strike the walls of the container resulting in an increase in the pressure

iFigure210) Under constant volume, temperature and pressure are directly pro-
portional to each other. The scientist Gay-Lussac discovered this fact. This law

mtﬁﬂmt, AL comstomd Yolume, the pressure of o eertain smolmt of ks
1% proporiiona 1o the absoloie temrperature”

Figure 2.10
l'r'
Combined relabonship of pressurs, volumes and lemperature
Thae pressure of a gas under constant iemperatun & imersely proportional to
P s volume (Boyle's Law), Ses Figure 2.11a,

Al consiant pressure, the volume of the gas B directly proportional o the
torrporaturg, Sea fiqura 2110,

B Ar esnsrand priesum

Tkt

If the volume of the coniminer §s constant, then the pressure of the gas i@
P directly proportional 1o s temperature. See figure 2,110,

& Al consia solare

A combination of these formulas gives us a relationship between pressure,
temperature and volume of & gas in e closed container.

Figura 211 Graphs  showing
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0.1, Choose the ¢orrect wnswer from the [ollowings
1. Which one of the following is property of liquids?

a) they have definite shape but do not hove definite vo-
lume
b) they have definite volume but do not have definite

shape
) they do nod have definite shape and definite volume

d) they have definite shape and definite volume

2. Mumber of positive charges in matier that is in plas-
ma state

a) more then negative charges
b} less than negative charges
¢} equals negative charges

d) all of ebove

3. The exhausted fire of missile is in slate
of matier

a) solid b) liquid
€] paseous d) plasma

4. In rusts moist and hot place. Because of its

4) physical property
b) chemical property
) iron does not rust
d) both physical and chemical property

5. Which one of the following is not chemical property
a) MNammeability

b) acidity

¢) reactivity

d) zodubility

6. Whai can be said for molecules in solids
a) closer to each other and move freely
b) far away from each other end move freely

i} closer 1 each other and Mxed
d) far away from each other and fixed

7. Liter is unit of
) length b) arca
¢) volume d) all of them

8. Aluminum molacules are

a) closer 1o each olher and move frecly

b far away from each other and move freely
¢} closer to each other and fxed

d) far away from cach other and fixed

2. 1 bter = dm’

20,1 byl ) 10 d) 100

10, This fact, known as Boyle's Law, states that; the pro-
duct of volume and pressure of a fixed amoun: of gas
8 constant by

2) increasing temperature
h]d:msuinutmnpnm

€} kecping temperabure constant
d) &ll of above

€).2. Fill in the blanks

#) When two substances are mixed witheul changing their
natures, this change 15 called
h]“rhnﬂtwnmﬂ:nhﬂnmmm:ﬁ:d,nmﬁbﬂmmfm—
med. This change is called
<) mmmmadbru‘mm

d) States of matter depends on and




{ Matter And Messurement

)

0.3, The sentences below nre Troe or filse

a) The oil has definite shape and volume
b} Iron has a definite shape and volume.
o) Adris a liguid

Q.4. A cube contamer has length of 1m is filled by waer.
Culculate the volume of water in the container in liter.

Q.5. A praduated cylinder is filled by colored water and fe-
vel shows 60 con’ . 16 a piece of on s immensed o water,
level rises o 100 cm”. Find volume of iron.

Q.6 A room has dimensions of 3m, 4m, 3m, Calculate
vilume of the room.

().7. Druw the table below on your notebook. Then
compare piece of lepd, lemonade and air pecording fo
piven conditions.

“Force between molecules
*Distance herween maolecules
*Notion of molecule




CHAPTER 3
MASS AND DENSITY

PERFORMANCE INDEX

After completion of the study this chapter the
student should be able to:

. Define the Mass.

. Know how to Measure the mass.

. Compare between the types of the balance.
. Knows the physical meaning of density.

. Write the mathematical relation of density.

. Determine the relative density.
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MASS AND DENSITY

1.1 ATASS

Mass 15 the amount of matter in an object. The 81 unit of mass 15 the kilogram

(kg) The basic unit of mass in the Intemational System of Units (510 equal o the
mass of the intemational prototype of the kilogram, a platinum-iridium cylinder
kepd In Sevres, France (Figure3. 1) Mass is measured with

i balanee, There are several Depes of balunce, but the most commmonly used s
the equul-arm lever balance, Units of mass change by multiples of ten, see

table 3.1.

i O . I . I

Exammle 3.1

AL em? copper block has o mass of 89 grams, [§ you take [0 cm? of copper, fnd it's moss in me, dg ond kg

Selutien
First we should find the mass of copper in 100 cm?,
As 10 cm? of copper makes up B9 g, then 100 cm® copper makes up 89 x 10 = 890 g,

B90g=2myg, lg=I10{0mg, thenm = 890g=830%x 10K} mg, m = BO DO mg.
EOlg=2dg, 1lg=104da, thenm = B90 g = 890 = 10 dg , m = 8000 dg,
830g=2kg, 1g=000 kg, thenm=890ng= 830 0001 kg, m = .89 kg.

- R .
Exeroie 3.1

How many milligroms are thers in,
a.lkg b.30p c.45hg o Sdg Az | OUE (0HI b, 30 0G0 ¢. 4 SO0 (04 d. 580
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1.4 Densiy
. Tab
In daily usage, 1kg iron is said to be “heavier” than 1kg wool. This does not

mean that an iron nail has more mass than | m® wool, What it means is thata
picce of iron has mors mass than & piece of wool if both have the same | Sooeonce Dansity (g/cm’)

volume. In science, when compering substances, we consider their densities. : LI m
Density is defined as the mass in s unit of volume. We calculate the density Oxygen 0.0013
of matter using the following equation: Air 0.0013
r s m Alcohol 0.8
lce 0.9
Water 1.0 (ot +4 *C}

Sugar 1.6
Table solt 2.2
Aluminum i i g

In the ST unit sysiem, mass is measurad in kg and volume is measured in m’,
thus, the umit of density is kg/m® (kilogram per cubic metre). But this is incon-

venient for most substances, therefore, glem® (gram per cubic centimetre) is a fron :;:
e Copper
miore commaon umit of density. Sihrar T0.5
Diensity is a charactenisbe property of matter, We can differenbiate substances Lend 11.3
by s e clesmsitios: Tidile: 3.2, shicwws the doosity of differcut sobwisndos, “"“”"’I | 1:::;
The density of copper is 8.9 glem’ , which means | cubic centimetre of cop-
por has a mass of 8.9 g. In other words, 8.9 g copper occupies a 1 em® volume
(Figure 3.2) Table 3.2 Dengities are measured an
sea level and 0 2C.
gl ra i | glem® = 1 000 kg/m”
copper iren wood
Figure 3.2
1 I cm? 1 om?

Sometimes eniering the formula in a tiangle, as shown in the figure, is a
simple way (o remember il

For example if you want 1o find the density, you cover d with your finger and
then divide the rest; mass (m) by volame (V). This is the equation you need,

p-7

If you want to caleulate mass (m), you cover m with you finger and then
multiply [0 by V, Thig is the formula you want;
m=xV
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Flow cam wwe calculatd the densdiy of an olifeor?

In order to calculate the density of an object, first we measure its masz with an
eqqual-arm balance, then we find its volume by measuring it with a ruler, if
it has a regular shape. Otherwise we use the praduated cyvlinder method for
irregular objects, and liquids. Then, by dividing mass by volume, we find the
density of the ohject.

121 RELATIVE DENSITY

In order to determing the density of & substance or an object, we find out the
mass and volume of the substance and use the relative;

P=mV
This is possible only it the object has a regular shape. It is difficalt to measure
the dimensions of an object with irregular shape. In such cases we express the
density of the object in comparison with that of water.

The relative density of 2 substance i3 the ratio of the density of the substance 1o
the density of water at 4 Celsius, we take the relative density of water as one.

What is meant by statement relative density of gold is 19.37

It means that gold is 19.3 times denser than water. Those objects whose relative
density is less than one will float in water and those greater than one will sink.

relative density of substance = density of the substance © dessaty of water
P ]
p.=p/p

Finding the density ol a regular object

You need a rectangular chjedt, a ruler and an equal-arm lever balance,
Measure the sides of the chject using the ruler

Length, [.= .. width, W= .. helight . h= ...,

Calculate volume by mudtiplying the side lengths..

volume, V = Lew = h = ...

Theen, rieasune ibs mass with an equal-arm lever balance as shown in e

Tigguires.

Alter 1aking the measurements divide the mass, m, by the volurme ), 1o find

the density, p of the obect.

p-

i
v
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Example 3.2
A piece of iron has o mass of 305 g, Find the volume of the piece of irpn using the information in table 3.2,

Solution 3959
Mazss of iron, m = 305 g ; density of iron, Voo = 'mm
P= 7.9 glem? ; using the data in the formula, i Bl
y_-=ﬂm Result: The volume of the piece of iron is 50 cm?.

Mieen
Exercise 3.2
What 15 the volume of 24 tons of cement? ( Prees= 3000 kgfm®™)
Aons Hom”

T O O B B B T B B B I I B OB B I B B OB B I B B I I B B OB O I U R I O I I I B OB R B T R O
Example 3.3

A 0.5 m' tank 15 filled with a liquid of mass 460 kg. What is the density of the liquid?

Belution Calculation

What Ia asked In the queation? Mg = 460 kg snd V =0.5 m Jhen
Dersity of the liquid, py, = ? =T _ 460k _ oo g
What information is given in the question? Pt e 0807

lh-uf:; liquid, m=460 kg; volurne of the tank, Resull ; The density of the liguid is 920 kg'nr.
Y=03

Which equation ks needed to find the answer?
™
=y

L R BN N I N O B B R O I I B O R BN B I O N B A B G I B N R G B O N B BN B O N I N BN O

Exervise 1.3
Caleulate the mass of copper having the same volume as 31.5 g of silver. Use Table 3.2,

An 26T g
— - Lo
@G“v“.y Finding the density of an irregular abject
Let's find the density of an egq.
You nieed a bolled egg, a measuring cylinder, an equal-arm
lever balance and some masses,

First, using the ofinder, measure the volume of the egg.
Then, using the lever balance, find its mass.

Finally dhide mass by wolume to find the density of the
oag.

Pq'h

Ve
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Examyle 3.4
An oil can contzins 20 1 of oil, If the density of oil is 0.9 g/lcem?®, calculate how many kg of oil there is in the can
Salutian Calculation
What is asked in the question. Firat convert the units, then calculate the mass.1 # = 1000
The mass of oil, m = ? e, then ¥, = 20¢ = 20 » 1000 cm’ = 20 000 cm,
What information is glven? use this value in the formulam,_; = 0.9 glem? = 20 000
The volume and density of oil, V, = 20¢, enr!

=1 lg= 1 = 18 000
A, = 0.8 giem?, m, = 18000g, | g=0001kg, then m :x

ﬂ.ﬂﬂ!ing,mﬂ=‘lﬂhg
Which equation Is needed to calculate the mass

of oll?
1£=1000em® 1 g=0.001kg. 1 em® = 0.001£

B B OB R B OB O B OB O OB W B B OB B U B OB O B B BN OB O IR B B B W I B B OB OB OB BN B BN B N R O B

Exercise 2.4
A bottle has a mass of 70 g when it is empty, 90 g when it is full of water and %6 g when it {s full of a liguid. What is
the density of the liquid in gicm®and ke/m® ? { fege=1 Ziom®)

Anz | 'IE.'l"_'n‘um:j I 3idd kgt
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Matter is found in three states.

i} Solid state: A solid has a definife shape and volume

i) Liquid state: A lquid has no definit= shape but a definite
wolume

i) Gas state- A gas has no definite shape or volume.

Measiurement s one of the three methods used in science,
wheseas the other two are sxperimentation and absenation

mase The amount of matter in an object The unit of mass
s the Klogram (kg)

Area: The amount of surface enclosed by s boundaries. As
a formuda, if Is stated as

Arca = length x width insymbols A=Lxw

.:I _.il.‘i::.,lf:-lb;;

PUZZLE

i, ="
- L 1

. The amount of surface enclosed by
its boundary Vines.

A state of matter which has neither
a definite shape nor a volume.

The mass of an object divided by its
volume.

A unit of meacurement for distance
from the SI system.

A substance which has a density of 1

gfem?.

i
3.
4.

5.

_ﬁ,m of atoms.
. Jparticles.
4 alstate of matter which has a

definite chape and volume.

8 A unit of time.

0.An amount or quantity used as a
Standardagg_Mtasurnnnnt+

%summanv .;

4

.
124 unit of mass equal to 1000 kg.

The unkt of area ks e, e =5 7y

Vohume: mm&mmmwﬁﬂm As
a formula, it Is stated as :

Yolume = kength x width x ]ml;tl-
V=Lxwzxh
The unit of volume is m?

Density: The mass of an object per er urit w

The unit of denskty ks kg/m® or glem?.

B

A ot x.-ﬂ‘l

14

The amount of matter in an object.

13.a state of matter which has a definite

volume but no definite shape.

4. The amount of space occupied by an

object.
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0).1. Choose the correct answer from the followings.
1. Which one of the followings is not unit of mass?
3 g bl kg

o) m’ dymg

2. An ice cube has mass of 3640 kg and its density 1s
910kg'm’. Find volume of the ice cube.

ay b b) m*

c)4m’ c) Im’

3. A thermo stone has dimensions of 28 mx 8.2 my 8.4m
and s density s $800kg'm’. Calculate mass of the stone,
a) kg by 37kg

¢)3dkg  dyIskg

4. Relative density of fuel is (168, Find mass of | liter

fuel,

a)3Blz b 4E0g ¢ 580 d) blg
5, Whal is density ol water?

ap ke m’ hD000kg m
etk m’ dHon0kgm

6. Relative density a rock is 4. Calculate density of the
rock.
a) dkg/m’ by 40kg/tn’

cr4iHkgm’ d) 4ikg'm’

7. When o piece of sponge is préssed, which ong of the
tollowing quantity does not change.

ayvalume  bhymass ¢} density  d)shape

.2, Fill in the blanks.
a) Digital scale is used o measune

b gremy is unit of density, gisunitof  and cm® is unin

ol

¢} Substances which are float in water has relative densi-
ties are than density of water.

d) Belative density of salid objects s rabio of their densi-
ties and density of

0.3, Fill in the blanks

According o table:

Which substance has the greatest mass?
Which substance has the smallest mass?
Which substance float in water!

Which substances are made by same material?

0).4. The sentences below are Tree or False. If False cor-
rect the sentence.

a} Density 15 defined as amount mass in unit time.

b In 51 wnit system unit of mass 5 gram.

¢} In 51 unit system unit of relative density is kg/m'

d) Mass of an object determines its weight and does nod
depend on ik amount,

0.5, If you have a bottle of milk and you want to find its
density, How can vou find density of the milk by using
graduated evlinderand digital seale?

.6, If two substances have equal volume, it can be said
that they have equal mass. Why?
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0Q.7. A steel palte has mass of 156 ky end density of 7800
kg/m?®. IF the width of plate iz 0, 8mm and the height is S0mm,

find its lemgth,

Q.8. Density of mammals approximatety equals density
of water. According 1o given information find volume of
followings. (lm*=1{)

a) 150kg cow b} 1400ke whale

filled by watcr. Calculate mass of water in the tank.

Q.10. A room has dimensions ofSmxdmx3m is filled by air
which density is 3kg/m’. Find mass of the air.

Q.11. An object has 180kg mass and 0.3 m* volume. Cal-
culate;

a) density of chject
b} reletive density of ohject

density of cube.

0Q.9. A water tank has 1m height, 2m with hand 3m length is |

Q.13. Match the following object with given

estimated masses.
Pahdwmr:mrtainu. 500mg
Butterfly | 3.5 ton
Wolf 40 ton

i _H“; | - _mi_
Elephant B0kg
Bird 38kg
Car | 1000kg

).14. density of mercury is 13.6 glemy’, Calculate mass
of mercury, if its volume is;

(.12, 400 wooden cube has Tength of 20 cm, What is the || 2) 16

b} 10em?
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‘CHAPTER 4
FORCE

PERFORMANCE INDEX

After completion of the study this chapter the student should
be able to:

. Knows the physical meaning of the force.

. Write the units of force.

Distinguish between Action and Reaction.

Listed the type of forces.

Represent the force graphically.

Compare between vector and scalar quantities.

DGR
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FORCE

Lifting a hammer, stretching a spring, opening a door, lifting weights, pushing
t diskette into a dover and kicking a foothall are all examples of forces being
used (Figore 4.1). A force is either a push or a pull that acts on an object. Whe-
never you bend, twist, stretch or compress something vou are using a pushing
of pulling force.

A foree cannot be seen and described like an object, but the effects of it on dif-
ferent ohjects can be seen. We cennot see the wind but we can see o windmill
turning, a yachi saithng, a tree bendmg or a kite flying. Thus, we can define it
as follows:

Force 15 an effect which can,

© a) Start motion,

b)Stop motion,
* ¢} Change the speed or direction of motion,
B d)Change the shape or size of a body.

The ahility of a force to change the speed of an ohject is very useful; an engine

increases the speed of a car, a parachute slows down a falling ohject and

a jet engine pushes a plane forwards (Figure 4.2). Look at the pictures below,
pUsh up @ Atate which effect o a force is shown in each one.

plane fonwarnds.



—{ Force )

4.2 MEASUREMENT O/F FORCE
a) Uit of Forge

Force is represented by the symbol “F° and 12 measured in units called New-
tons (W). The pull on a 100 g mass is about 1 N on earth,

Iy Measuring Force

A spring stretches when you pull it. The harder you pull, the more the spring !
stretehes, as long as vou do not keep pulling it until it breaks. A simple way to
measure & force 15 by using it to stretch 8 spnng. A spring with a scale anac- ineiiphe
hed to it ia called a spring balance or dynamometer{or Mewtonmeter) See the

. Figure 4.3
(figure 4-3) Spnng balance

Actiom and Reactum

Forces always cccur in pairs acting in opposite directions. For every action
force, there is always an equal but opposite reaction force, ITan object applies
a force on a second ohject, then the second object will exert an equal but
opposite force on the first object. This was first noticed by Sir Ispac Newton,
he called these forces action and reaction forces, 1f a man pulls 3 rope tied to
& wall, the rope also pulls the man with an equal but opposite force, this is
because the rope reacts 1o the man's action. The book lying on a table exens
# downward force, the table compensates for it by exerting an equal but op-
posite upward force (Figure 4.4). When a boy sits on a chair, his weight pres-
ses down, the chair balances the boy's downward force by an equal opward
force,

wipnparef fever fraor Ll

Figure &.4 Aclion and resction forces oocur with squal magnitudes bul in opposits dirgchions.
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tg'ﬂti#iw Making a dynamomnaiar

¥ou need a steel spring, a stand, a scale, a pointer, & weight hanger and masses of

different vahoes. Set up the steel spring and scale as shown in the figure. Attach the -t
poirter and weight hanger gt the end of the spring. Bead the scals af the pointer and G
node it value. Add & 100 g load and take s reading. Repeat the same procedure wcake

with increasing values of masses, Enter the readings indo a lable a5 shoem bedow

Fiot the results cbisined to a graph. Every pair of readings will be one point on the
graph. Mark the points with small crosses and deow & smocoth lne through e !!

P2V 1| ——
[ | mass

Thgqi'luﬂ]w:lnihrmﬁ'ﬂﬂum]nﬂh Ep.rrlbiml'.

This graph demonstrates that the total amount stretched by thes sprng i propontional
o the Borce applied,

| Ty .I e -inl'I[=H-rq- ey~ _l'hﬂ
& {a.gl 10 cm | Ocm.{= 10 cm— 10.cm}
100g |leg)i3em  Jcocmi= 13 em—10ecm]

4.3 T¥PES of FORCES

In fact all Enown forces (or interactions) in the universe can be grouped into
four basic types. Below lists of these forces in the onder of dacreasing strength.

fhe Strong Force

This force is responsible for binding of nucleus. It is the dominant one in
reactions and decayvs of most of the fundamental particles, This force is so
strong that it binds and stabilize the protons of similar charges within
tuscleus, However, it is very strong range. Mo such force will be felt beyond
the order of 1Fm{Femtometer)

Fhe Electromagnefic Forde

This 15 the force that exist between all particles which have an electric char-
ge. For example; electrons bind with nuclei of atom, due to the presence of
protons, This force is long range, in principle extending over infinite distence.
However, the strength can quickly diminishes due to shielding effect.
Many everyday experiences such as friction and air resistance due to this
foree. This is also the resistant force that we feel, for example, when pressing
our palm against wall, Thig is originated from the fact that no two atoms can
occupy the same space. However, its strength is about 100 times
weaker within the range of 1Fm, where the strong force dominates. Bt
because there is noshielding with in  nucleus, the force can be commu-
lative and can compete with strong force. this competition determines the
stahility structure of muclel.
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The Weak Forcg

This force is responsible for nuclear beta decay and other similar decay pro-
cesses involving fundamental particles. The range of this force is smaller than
1Fm and it is very smaller than strong force. Nevertheless, it is important in
understanding the behavior of fundamental particles,

The Crrirvitafipnul Force

An object released from a height falls to the ground. This indicates that there
is a force acting on the object directed towards the centre of the earth, This
downward force is called the gravitational force. 1t is not a force that exists only
between the earth and objects. It exists between all objects. In other words, gra-
vitational force is the force of attraction between any two ohjects (Figure 4.5),

Grravitational force depends on;

a) The masses of the objects,
B)The distance between them.

You will motice that of all the 4 basic forces two of them can be expenenced m
our daily life. They are also called familiar forces which are the electromagme-
tic and gravitational forces. Similarly, the stromg foree and the weak foree are
called the unfamiliar forces,

it T -
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(Figure 4.5) Four basic types of forces
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Fricimmal Force

Frictional forces surround ws most of the time in the same way we live
under the influence of gravily. Frictional foree is an important force which anly
pets when bwo objects are louching. It 15 a force that slows down moving
objects and brings them to rest It always acts m the opposite direction
to the dmrection of motion of the object For cxample, there is
fricuion between your hands when you rub them together, and walking iz only
possible with friction, because when your foof pushes against (he ground,
a frictional force opposes it to make vour body move forward. [Fthe frictional
force is greatly reduced e by a patch of vil, a banana skin or ice, your foot
can slide straight back with painful results (Figured.6).

There are countless examples of friction being useful, the wheels of
bicyeles or other vehicles, the braking svstem of vehicles, and éven the ability
to pick up and hold objects with our fingers. The freads on tyres increase
the fmcton of the wheels on the road, thus the motion of a vehicle becomes
possible. Climbing is also possible due to friction (Figured 7).

Figure. 4.7 Somp examples of friction being experenced

However, friction iz usually & problem for the moving parts of almost every
machine, because it prevents machinery from moving freely, and causes mo-
ving parts to heat up. Therefore, manufacturers try o reduce the foree of fricti-
on between surfaces that rub together by applying a thin slippery layer such as
oil, or mounting wheels on ball or roller bearings (Figure 4.5)

Can vou think of other ways to reduce faction?

What doex the frictional force depond on?

Ag expluined, when an object 15 pulled on a table, & fmctional force opposes it
in a direction oppasite to 1ts motion. The frictional force between the object
and the table depends on two factors;

. The weipht of the object.
b.The roughness of the surfaces rubbing together.

LR
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Friction is directly proportional to the weight of the object; s the weight ime-
reases friction also increases, as the weight decreases fiction also decreases
(Figure 4,9}, In Figure 4.9 we see that the pulling force is greater than beforg
because the weight has been increased by the addition of mass.

Figure 4@ Frigtion socurs biciiss of Figura 4.0 The srger #io waight,
A ghness behween rubbing st the graatar tha ¥izticnal fonca.

Tt is also important to pote that friction does not depend on the area of the ub-
bing surfaces. For example, it surfaces of an object have the same roughness,
il is not important onto which of is sides the object is placed, the frictional
force will always be the same (Figune 4.10 ).

Figure 4.10 Frictional force doesn't depand on the area of tha rubbing surfaces
for cbjecins mads of e sama maierisl.

What s air and water drag?

Air applies frictional force on the objects moing
thiaugh it. This force i called afr resisllance or
air drag. Water also applies fricion to the

objects moving through it This force s called
waler resisiance o water drag.

Birds have an exeflent serodynamic design to
decrease air drag. Thelr bodies are streamlined
to enable them to fiy as effectively and quickly as
possible through air,

Fish alzo have well designed body structure for
swimming in water Their bodies are

which decreases water ci‘mu:d.ﬁ:uulhamtn
move stably and efficiently through water.

Scientists carry out research on bird and fish
bn@'mmﬁﬂmdnmvﬂﬂm
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dod REPRESENTING FORCE

ol Reprexenting Force

In the(figure 4. 11) |, a man s applying a force to the wall and the wall 15
reacting to him, To illustrate the force of the man and the reaction of the wall
we can use double-headed arrows as in the figure below:

Wimll's Man’s action
FEAC OO O o e wiall

-

But this representation does not give enpugh information about the foree.
Why?

Look at the (figure 4.12) . What do you think about the forces acting on the
bricks? Are they the same? How can you represent the forces scting on the bri-
cks? If all the forces act at the same time on the brick, in which direction docs
it move? Write down your ideas.

Figure 4 12

In the figure above, cach dynamometer may mdicate the sami¢ magnitude, but
they differ in one way: Their direction. [f we carefully notice the direction of
the forces, we se2 that one is 10 the right, one is upwards to the lefi and one is
upwards. From this example we see that for forces, 'we must take into conside-
ratian both their mapnitude and direction of application.

In science, quantities are divided into types: Vector quantity and scalar quantity,
magritude {#ac) A vector quantity is a quantity which bas both magnitude and direction. A
i scalar quantity is a quantity which has only magnitude. Force is a vector
SRS _——— - quantity, therefore it is represented with a vector.

applcation point dirgction What is a vector?

An arrow drawn to seale s callsd a0 oot as shovwn on the Left. A vector hag
the followimg properties:

alAn application point (where it is applied)

b A magnitude {or size)how long it is)

c)A direction

Figure 4.13 Representing a vector

MNow let's indicate the forces acting on the bricks using vectors. Notice that
each has the same magnitude but different directions. (10 N 15 represented by
a bength of 1 ¢m.)



F,=20N

F =20 M 1o the left ard 307 wpweards
Fy=20 M

by Examples ghopt vectoral and scalar guaniitiey

Walking 3 m to the west, pulling a box with [0 N to the north, a wind Howing
at 70 kmv'h to the south are examples of vector quantities, because they give

information on the direction and magnitude of the quantitics. 3 kg of apples,
5 metres in length, § days, & months, 10 seconds, an air temperature of 25 *C
are all examples of scalar quanfities, because they give information on only

magnitude or size of the quantities.
Example 4.1 ST
Show the following forces using vectors. First of all we have (o decide ona
a) A block is pulled to the east with a force of 4 N, scale to represent the force. To make
B)A chest is pulled to the southwest with a force of 3 N, drawing sampler, let | em represent |
¢l Three forces act on a block to move ik, one with 2 N due north, one with 3 Newton,
M due east and one with 3 M due Then, we take an application point
Weit, and draw the vector,
a) Since 1 N 18 represented by 1 om,
4 cm represents 4 M.
) b) . )m 9
J F=dM
t T t e
4 g cas! Fally 0 =
sin il J kN in

Excroise 4.1
Represent each of the following forces using a vector diagram:

a)A force of 5 N applicd wpon a box in & direction towards the west.
bIThe earth’s gravitational pull on a 50 kg cement bag,
¢4 man applving an 80 N force on a block in a direction wowards the south,
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1.5 COMBINING FORCES

A single force which has the same cffect as two or more forces acting together
s called & resultant force (R ). The forces which form a resultant force are called
component forces. Resultant force 15 found using the following equation;

-

R Byt st

The arrowhead (—) over each letter shows that it is 8 vecior quangity, which
means the quantity also has o direciion.

1) Forces Acting in the Same Direction
Let F,oand F, be forces in the same direction, to find the resuliant we add the
magnitude of the components. The magnitude of the resultant force R is found

: usimg;
AW )Jli o '
by g Consider two boys, each with the same force trying 1o lift a box, Then consider
|' # 1tlr" § g et hifting the same box by lumsell, The maian applies a Torce twice ihal of
= =% the bovs’ to lift the box. Therefore we can say that the force applied by the man
EF 15 the resultant force of that applied by the boys' (Figure 4.14).

a. b. .
Figure 4.15

Figure 4.14

Then we draw a vector joining the tail of F, to the head of F, (Figure 4.15.¢).
Thiz gives us the resultant force (R).

The magnitude of the resultant 1s

R=100N-+ 100 N =200 N, It i5 m an wpward direction,




—
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Take a spring balance (Figures ), 500 g and 200 g masses. .{a] o

by

Combining forces In the same direction

Hang 20080n the hook, and read the scale of weight (Figure &), %
Then hang the other mass and take a second reading of I
weight (Figure b). After that attach the masses to the 2n
balance again and take a final reading (Figure ¢} k
What do you observe? Can we use a single weight of 7009 n
instead of the two separate weights? L
200y
Example 4.2
Assume that two boys pull a chest to the right, each with a force of 200 N. Find the resultant foree acting on the chest
Fym 20
Kolufion
Fy= 20

Let F, and F, be the boys® forces and let 1 em represent 100 .

AN XON = B0 ¥+ A il Y
a —m
ReF o F, rr
Al T dall o' F e el owchn e
s phee ol o' F Ao ek i Ak il

of F, ir the Jasad of F,

i O Il . Ol I IR Il ..

Exercise 4.2

The forces acting on a box in the same direction are F = 200 N and F, = 150 N, what is the resultant force?

Represent it by a vector,

Ane 350 N

bJ Forces Acting in OQpposite INvections

Let F, and F_ be forees in opposite directions and let F| be greater than F,. Then
the magnitude of the resultant is R = F, — F,. The minus sign shows that the
second force i3 in the opposite direction to the first one, The direction of the
resultant force is in the direction of the preater force,

What will be the net force on the box in the(figure 4. 16), if it is pulled by the
two different forces in opposite directions?
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Two boys apply forces Foand F_ in opposite directions. F| is greater than F,
; so the box will move to the right. In this case we can find the resultant force
E by using vector addition. We add the tail of the smaller force to the head of the
: F : greater force, Then we draw a vector joining the tail of the greater force to the

— head of the smaller force(Figure4, 17). This is the resultamt Toree, Ti is in the
T i direction of the greater foree. The magmitude of the resultant foree on the boax
R 2 15 found by subtracting the smaller force from the greater force.
Figure 4,17 = . <
R=F—-F R=200— 100 = 100 N
The direction of the resultant force is Ei3

in the direction of the greater fonce.

—~ s
@iﬂ“’“y Combining lorces in the spposiie direction
¥ou: need & toy car sorme string, masses ranging from 10 g to 50 g, pulleys
and tep miass holders. Ammange the materials on o whie, a5 shoam in e
fizgure.

Hang 10 g i the left side and 40 g to the right side of the car and obsere

e direction of motion. Then, asdd 30 g w the leii-hand side. Did the B

direction of mation change? Then, by adding 20 g to the nght side, make rf 4ty
e weiighls on both sides equal. Did the cas e

‘- Mow to explain the motion of the car, ket's examing the resultant force acting
o the car for each case. Remember that the paling force acting on 100 g s

about 1 M.
In the Erst case the resultant . In tha second case: the resultant Ilnﬂuﬁdmﬂmmlwm
force on the car is, foree s is,
R=F,-F; s R=0EN-04MN=02HN R=0BM-06M=0
Re04MN-01N=03MN o i the left, since the force an the Since the forces scting on both sides
the ricght k=ft is greater have the same size the resultant force
Tor represent this with vectors, Let 0.5 om represent 1 M. on the car is 2o,
let 1 o represent (L1 M.
Applcation point ) ~ N
Fy / aanm R e s i F, adn ; s Fa
B e e e i i i =
al; FI :_.- ) rl . } 'F; :
] -. i + - ‘ : ' ) ) i
e [ B c "
i B E F.
fim F, = =03 M fim F) = V= BN - N = 02 o Fy = Pyl M = OB = DY
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Q.1. Fill in the blanks

a) A scalar quantity is 2 quantity which has only

b) A falling apple from a wee mapphul Iy
[orce, in direction of

c) A horse that pulls wagon applics force
N Wagon,
d) Frictlon force always acts in the direction

to the direction of motion of the object. .

().2. The sentences below are True or fulse.
) Earth applies gravitational force on moon.

b) We can decrease magnitade of friction force between
our shoes and surfuce.

Q.3. When a book is thrown on the table, it stops after a
period of ime. Explain, why?

(0.4, Represent each of the following forces using a
vector diagram:

a)A force of 10 applied upon a box in a direction
towards the East.

b} A chest is pulled to the south-east with a force
of 6 N.

().5. Calculate

a) net force on object which pulled by 8N and 2N forces
which are in same direction.

b} net foree on object which pulled by SN and 2N forces
which are in opposite direction,

Q6. Two forces are applied to an object which are SN
and 10N, calculate net force on the object represent all
forces, if;

B) forces are in same direction

b) forces are in opposite dircctions

0Q.7. An object is pulled to north by 200 N and pulled
Lo south by 200M;

A) represent the forces on the objects
b) calculate net force on the ohject

€) The object is in equilibeinm or not? Why?
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e |[NSIDE STORY

on SEAT BELTS

Thu purpose of a seat balt s to prevent serious
injury by holding a passenger firmly in place in the
event of a collision. A seat belt may alzo lodk when a
car rapidly slows down or twrns a corner. While inertia
CAUSES PASSONEErs In a car to continue maving forward
as the car slows down, inertia also causes seat belts to
lock inta placa.

The illustration shows how one type of shoulder
harness operates. Under normal conditions, the ratchet
turns freely to allow the harness to wind or unwind
along the pulley. In a collision, the car undergoes a large
acceleration and rapidly comes to rest. Because of its
inerta, the large mass under the seat continues 1o shide
forward along the tracks, in the direction indicated by
the arrow. The pin connection between the mass and
the rod causes the rod to pivor and lock the racchet
wheel in place. At this point, the harness no longer
urwinds, and the seat belt holds the passenger firmly

s

When the car suddenly shows down, inertia causes the
large mass under the seat to continue moving, which
actvates the lock on the safecy belr

J
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51 PRESSURE

[_' g The word “pressure” 18 a widely used word among people. On every day T.V.
iy p . Fluight) wedther forecasts, we hear the word “pressure”™ many times. Dirivers check

Force Aren tyre pressure hefore going on long joumeys. In the kitchen a pressure cooker is
e . l"/ sometimes used for cooking vegetables. We apply pressure on keys when we

press them, on dough while we prepare pastry, on paper when we stamp it, on
the pump when we squeere il

o g

Hold a nail between your fingers as shown in the figure on the left Shghtly

press your fingers. In which finger do you get pain? Mow apply a little bit
greater force, [id the pain ingrease? WhyT (Be carcful not (o mjury yoursell)

Figure 5.1 A biock standing on a

surlace apples a pressure upon
the surface dug o 15 waight,

What two things that effect your degree of pain?

As it can be understand from the examples above, in which a force acts on a
body, we have to consider not only the foree but also the area over which it acts
(Figure 5.1). The perpendicular force acting on a unit area is called as pressure,

In an eguation we can siate pressure as;

Foree F
Pressurs = o i gymbaols, P= -
Mren A

From the definition, pressure has the units of forcel™) and arcalm®). Therefore
priessure 18 measured 1o Newionmetre®(Man®), The untt MN/m* kas a special
name! Pascal(Pa).

1 Pa=1Nm

Multiples of Pascal dare used to express higher pressures, 1000 Pa is called |1
kilopascal(kPa).
I kPa = 1000 Pa

Pressure increases if the arca in contact with a force decreases, We can obser-
vee this when a rectangular block is placed on a piece of sponge in it's upnight
pasition as shown in Figure 5.2.8 Since the weight of the rectangle acts over
a small arca, the pressure is greater and it sinks into the sponge. If you lay it
down honzontelly as shown in Figure 5.2.b, it smks less, because the same
weight acts over & larger area, 20 it applies less pressure, Figure 3.3%Why do
horses sink into snow?

Figure 5.3 Why do harges sink irtg sniw’
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A duck has webbed feet therefore it doss not sink into soft snow, bul & rooster
of the same weight will sink becaose the area of its feet is smaller than that of
the duck’s (Figure 5.4).

Study the pictures below, In which position does the man sink into the snow
decply, in which position docs he sink less? Explain why?

S 00 Pressure I mxe

Sometimes we want to produce a great pressure using a given force, We can
apply a greater pressure when the area over which the force acts is small. For
example we use the shamp adge of a knifie (o cut, because the force acts over a
much srnaller area than the blunt end (Figure 5.5). In the same way nails, pins,
drillz and needles have sharp paints, 2o they can go into materials essily.

Sometimes we peed low pressare therefore we enlarge the contact area. Skies
and snowshoes have large areas, they help us to move on snow without sinking
in. Tractors and larpe lormes use large tyres, heavy mechines such as bulldorers
and excavators use large pallets to move easily on soft ground without sinking
in,

Figure 5.4

Treads under sport shoes
prevent  skidding on the
grass.




Trocior roflers have a large mass, Increasing the mamber of tyres, lowers To prevent skidding. we use a
but act over & small anea 0 that |t the pressere applied on each e, chain which lowers the cortact
applies & very large pressure on Thus the deformation of roads is area and enlerges the pressure.
asphalt o squesre if Into shape. prevented.

= = Some cxamples of the wse of pressure by living
: things

[T we take a carcful look at the environment, we
see that animals are created with different Features
and can uze the principles of pressure 10 survive.
Study the pictures on the page.

Big animals, such as elephants, bears and camels
have large fieet, thus, they apply less préssure on

the ground.
A\ Animals have sharp teeth 1 break food into picces. |

Woodpeckers have sharp beaks (o make holes in
the trees,

[ogs, cats and birds have sharp claws to help them
to casily grasp things.

The pointed beaks of birds help them (o cut throu-
gh the air when they fiy.
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Example 5.1 A=0.06 m¥
A book weighing 18 N has o 0.06 m? cover surface and lies on o table. Caleu-

lare the pressure of the book on the table?® I we place an encyclopedia of 42

N on the book, what will the final pressure be?

Sirluiticin Caleulation mIAd
F 18N
What are you asked to find? P W T
THE] mnrm@hp-'r When the encwlopedia i placed on the book, the weight
mﬂmt information given? ircreases bul the arsa remraing the same. The total weight ;
Weight of the books, W =18 N, W, =41 N W =W AW.=1B N + 43 N=B0 N
Arca of the book, A= .06 m? ‘""‘w ' ’mn
What is the equation needed? = ol - T 1000P
B T Boem?
Resull : As the force incresses keeping the contact area constand,
the pressne Blao increases,

-,

Exeroise 3.0
A 400 N girl whose total shoe area iz 0.05 m? stands on the floor. What iz the
pressure exerted by the girl on the floeor?

Anm (RN Fa

_ I B B OB OB O I B B B U O B B B O B BN OB I I B B B I BN OB B B I BN OO BN OB W O B B B O B B B B

D3 m
Example 52 —
Find the pressure excried on the table by a 48 N bax for the two different posi- M“L-"
tions shown it the figures, B
Baluflsn Calrulniise
Whal are you asked te find? ) I U st s e i s

Thee pressures of the olsgect in fvn diffeeen] postios, & -tl.lmiﬂjm-b.lérn*.rumml.nﬂ.
il F_ aEn
Whal s the isformation ghen? Ly e T
Uisighl ol the chiprt W = F = 46 H
[rresresinine of the obiect; 12 mld m 03 m b)) Ther st i b e o
What we the equatioss needed be find the % = 03 m =02 m = 006 m and the pressure Py
pan—

e r-,--f---ﬂrg;,-mi}-umh
Fl—.rrl-; ot Ama = Langtts =4 ikh Ay DL

=g a0k
m

Fasulli ; The box apples grester lone n the second postion
thar e Erst ohe.

Excicise 5.3
Find the pressure of the block in Example 5.2 when it lies on its third side.
Ans chuin Py

T O EET R R R R R R R EENEEREEREEREEEEEEETEEEEE @
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Esample 5 4

A loaf of bread of width 10 cm is to be cut with a knife, Compare the pressures exeried on

the bread when,

ajlt is cut with the blunt edge of the knife.
bt 15 cut with the sharp edge of the kmfe.

The foree applied is 10 M and the blunt edge has a thickness of 2 mm and the sharp edge 0.1

Bolution

What are you asked to find?

The pressures exerted on the bread, F = ?

What is the information given?

Force, F = 10 N ; the thickness of the blunt edge,
a, = 2 mm = D002 m; the thickness of the sharp
edge, a; = 0.1 mm = 0.000] m;

the width of the bread, b = 10om = 0.1 m

What is the equation relating pressure and force?

Pressire =" pd A= L,w

Exermse 5.4

Repeat Example 5.4 with a force of 8 ML
Figure 5.6

F, and F, are the same, but the pressu-
re gl the up of the nml (s greater,

Caleulation

a) A, = 0.1 mx 0.002 m = 0.0002 v and P, is:

F 10N

A, 00002 m®

Fl| -Eﬂmpﬂ

b) A, = 0.1 m 3 0.0001 m = 0.00001 m? and P, I

Result : The blunt edge exerts a very low pressure on the
bread so that we cannot cut I Blunt edges are not used for
cutting, since they spread out the cutting force and kower
the pressire.

- O O . TR .

Amu 2RI OUEF *m el KOO (M) P

Fressure sod Vrannsoilssion ol Foree by Sedlds

Salids ransmin forces only i one drection: In the direction of application without
changmg s magmitmde. For example, while hammering a nail, only the foroe

15 transmitted, however the ends of the nml have different surface areas, so the
presiures al the two ends are different (Figure 5.6). As you remember, the smaller
the aren the larper the prsssune, for the same force,



e | Pressure )

Exnmple 53 F=20M F.=20N
The force applied on a nail by a hammer is 20 N, The ends of the nail are | om’ — e
1 : 19 b= :

and 0.1 em’. What are the force and pressure at the tip of the nail” P A= e
Balution The ferce at the tip of the nad B 20 M too, since solids trans-

mit the force in the direcdon of application. The pressure at
What are you asked to find? the head Is:
The force and pressure at the tip of the nail. o N
What is the information given? Y lem® 0.0001 m? m*
The areas of the nail’s ends and the farce applied on it, 2N 1 pressure at the tip i
Ay=lem? A, =0.lcm? and F=20N =20 _ 2N 00000

O.1cen CLO0000 m m

What is the equation needed to find pressure?
Result: The pressure at the tip i [0 imes grester than the
P _ECIEA‘: pressure at the head, because the smaller the area the
NN Area larger the pressure for the same force.

= R E RN E R EEE s .

Exervlse 3.5
You are pushing & needle into paper with a force of 0.02 N If the arcas of the ends of the needle are 1 mm’ and 0. 1om?

find the pressures at hoth ends.
Ay 200 kPe e 200 ke

- . . . . . e

5.2 L1QUTD PRESSURE

As we discussed in the first chaprer liquids have mass and volume but not a
definite shape: they take the shape of the container. Since o liguid has a weight,
it ton exerts a downward pressure but it also exerts pressure m every direction.
Liguid pressure increascs as we go down from the surface to the bottom of the
ligquid. To prove this, carry out the following activity.

Fizh and divers at the bottom of the sea feel greater pressure, which 1= due
to the weight of water above them. The water presses in all directions on the
bodies, see the (figure 5,7). Therefore divers wear very special suits to
protect themselves from the effects of pressure.

Figure 5.7 The diver in the sea
fecls water pressure in every dire-
ction,
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- I sunsmany we can siate the propeties of liquid pressure as

fiodlous:
1‘-" ,‘ * A liguid exerts pressure in all directions
- * The pressue of a liquid & directly proportional to the depth
e s of the lquid,
it g ki * The liquid pressure depends an the density of the lguid.,

\

Figure 5.11 The water in an
Aquarkim ewars Qressure on ihe Dams e thicker at the botiom, becauas Bacause the kquid presaurs

oh I ey clewolion waled pressurg increases as s depth incroases with depth, the
from e surlece of the liguid moroases, patient feeder is hung on a
stand,
Figure 5.10

Water Suppdy Svstem

A town’s water-supply comes from a reservoir on higher ground or a water
storage tank, called a stand pipe or water tower, at the top of a tower.
Water coming from a higher kevel causes larger pressures at the lower levels

of the places supplied,

Standpipa {water towar)

-
e
=
-
rm
-
-
=3
-

Figure 5.11 Reservoir on high ground and a standpipe




{ Pressure J

Calculation of Liguid Pressare

As we saw before, pressure is the perpendicular foree acting on unif area Now,
we will derive a new equation for liquid pressure.

Consider a liguid column having a base area A and height, b s shown in Figo-
re 5. 12 To find the pregsure ai the bottom we have to know the weight of the
liguid column. First we will find the mass of the liquid, theh fis weight, Mass is
found by multiplying density by volume;

m=V =P

Volume is found by multiplying base area (A) with height (h).
V=»A =h

Thus we obtain,
m= P=A xh

Bemember that weight 13 the pulling force acting on an object, and caleulated
by multiplying mass with g,
weight=mxg=PxA*xhxg
Mow, after replacing force with weight, we can rewrite the pressure formula as,
P:ﬂ mml P:Fﬂfj

Thes we obising
‘ F=hxPxg

From this formula we can see that the hquid pressure depends on both hesght
and density of the liguid, and is independent of the arca and shape of the conta-
imer; This can be understood by observing the(fpure5.13)

mi xh =g

(figure5.13)

The liguid pressure al the bollom of these containers is the
game although they have different shapes.
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Figure 5,15 Composition of air

Figure 5.16 The atmosphers
iz about BOO km thick.
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53 GAN PRESSURE

Do you know that we are always supporting a weight of about 200 000 N acting
an our bodies? Why do some people’s noses bleed when they elimb to high
attitudes? How can we drink through a straw? The answers to these questions

depend on air pressure,
pyCims Procoire

Like liguids, goses also exen pressure on the walls of a container, Tiny particles
in the gas strike the walls with a force and cawse a pressure (Figure 5.14). A gas
can be comprossed eagily into a small volume, cansing an increase in its pres-
sure, Inflation of 2 ball or a car tyre is a good example of the compressibility
propeniy of gases.

b Ade fATmosphienio) Pressure

The gns layer surrounding the earth is called the atmosphere. The atmosphers
is composed of nitrogen, oxygen and very small amounts of other gases such
as hydrogen and carbon dioxide (Figure 5.15). It i= about 900 km deep and we
live at the bottom of this huge ocean of air(F1gure 5.16)

The molecules in the air have weight. Theréfore they exen force on the garth
surface. The force exerted per unit area on & surface by the weipht of air is cal-
led air pressure. Look at the diagram in the picture below. As the weight of the
air in the column decreases the pressure also decreases. The air pressure is at its
greatest at sea level, since there are so many molecules present, and it decreases
as height increases

J,_ ........ .
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Ammospheric pressure at sea level is about the same as a weight of | kg mass
per cm® area. An ordinary man has a surface area of about 2 m*; this means
that the total force on 8 man at sea level is about 200 000 M, which is abowt
the weight of a 20 ton-mass acfing on our bodies. However, we do not feel this
huge pressure exerted on us since the blood pressure of our body balances it. At
high altitudes the air pressure decreases, and the blood-air pressure balance of
our body is disturbed. This is why a mountain climber’s nose bleeds.

) Evidence of Aar Pressure

AIr pressure cannot be felt, but if we take air ouwt or remove it from a given spa- The: air pressune an an oedi-
ce, the effect of air pressure can be seen. Vacuum is the special name given o nary man is aboul 1he same as he
volumes where almost all the air has been taken away. The following activities %@ 5 20-tan mass,

will help us to understand air pressure.

aﬂﬁ#ity Evidence of Rir Pressurs

Take a glass, fill it with waler and cover [ts mouth with a smoath | a, b.
piece of paper (igure a). Then halding the paper on i, tumn the
glass upside down. Mow, ket go of the paper What do you see?
Does water spill out? (figure bl

The pressure exerled by the water on the paper does not P
exceed the pressure applied by the aig thus the paper does not ok

fall ard the water remains in the glass. B
What keaps the paper from coming off

Drinking Through & Straw -

When you suck, yvou lower the pressure at the top end of the straw
The alr pressure on the drink pushes down the drink end causes high | &
pressune at the bottom of the straw Due to this pressure diffenenoe
between the ends of the straw, the liguid moves from the bottom
of the glass o yourmouth.

@Uﬁ#iﬂy Evidence of Alr Pressure

Get a baox of frult juice and place a straw in I Be sure that air
cannol fow into the box around the straw, Mow, suck through
the straw. While you suck, observe what happens. The carton is

This Is because sucking the liquid decreases the

pressure in the box, and the stmosphenic pressure exered on
the carton crushes the boy and pushes the liquid up the straw.

e
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LA APPLICATIONS of ATR PRESSURLE

Siphoning

Siphoning is a way 10 remove a liguid from a tank. To remove the liguid,
thie tube must be filled and the open eod of the tube must be below the level
of the tube in the tank. At point B, the pressure in the tube exceeds the at-
mospheric pressure because of the liquid in the tube, and the liguid moves
through the tube from the container to the outside.

In daily life people use siphoning 1o remove waler from an agquarum wil
hout disturbing fish or plants, or to empty the gas tank of a car.

Vcuwm Cleanc

Vacuum Cleaner applies the principle of atmospheric pressure to remove
dust particles. When it is switched on, the fan sucks out the air from space
inside the vacuum.

The atmospheric pressure outside, which is preater than forces air ond dust
particles imto the filler bag.

SYTIHIES
| When the piston 15 pulled up, the atmospheric pressure inside the
‘i ff eylinder will decrease, The atmospheric pressure putside pushes the liguid
up into the syringe

5.4 BUOYANCY

When you swim or lie in the bath you can feel the upthrust from the water.
Also, a stone beld in water feels lighter than when held in air. A block sub-
merged inte water experiences the pressure of water in every direction. This
pressure at the lower surface of the block is greater than at the upper surface
because liquid pressure increases with depth (Figure 5.17). Thus the force
acting on the lower surface of the block is greater than the force acting on
the upper surface, This difference in forces canses an upward push on the
block which is called up thrust or buoyancy.

Figure 5.17 A body submerged n If vou look at the pressure srrows on the objects in the upper figure, you can
;’wmwm Posssune el see the cause of upthrust on the block. Here, we neglect the forces acting on
the block from s sides because they cancel each other out.
=]
= B | —y m
- i Archymedes” Pronciple
[ Look at the stone in Figure 5.18. Tt weighs 12 N in air and & N in water, This
" difference in weight comes from buoyant force of water. The amount of up
e . thrust on the block 154 M.
5 r -— |
e B = -
= f\8 | J\&

Figure 5.18 Rcual ard sppacent waght ol an obpect,
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hi How ido obleets (Yol m o water™

An ohject ina I-qmddneﬁnme:perimw only the liquids upward push, it also
cxpericnces the downward force of gravity. If these forces balance each ot-
her, the object floats in water (Figure 5.19a), But if the force of gravity is greater
than the upthrust, the object sinks (Figure 5. 19h).

wosghl= buwyant
far O=lapn
weignt = buovint force = i ;ﬂ
tipthruse | cister cisplcect= 10/ 1Y
e P

I case of loaling the weight of water

a Floating: buoyant force b. srrudnguwm ts greater displaced is 8qual 1o the weight of the object,

Dakances waighl than the buoyant force

Figure 5.19

Floating is a special case: The buovaney of the liquid is egual to the weight of the

object. Ships, boats and all things moving on waler experience buoyancy aqual 1o
their weights. And also they displace water equal to their weights.
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Q.1. Choose the correct answer
1. Preszure of liquid in a eontniner does not depend on;

a) gravitational zcceleration
b) density of water

) height of water

d) liquid surface arca

2. Pressure of contziner which is filled by liquid depe
s om;

a) base are of the container

b) surface arca of the liquid

c) height of the liquid

d) mass of the liquid regarded its shape

3. Agricultural machincrics and military tanks have a
broad chain, Why

a) to increase pressure on surface
bto increase speed

cto decrease pressure on surface
d} o prevent rdation of wheels

d. Tire of car can explode on the move, why?

a) number of air molecules in the tire increases

b) atmospheric pressure inoreases cOMpars (0 pressure
ingide the tire

) air pressure inside tire increases because of increase
in termperaiure

dptire expands

8. Volume of displaced water by immersed object equ-
als;

a) volume of immersed object

bkgreater than volume of immersed object

¢l smaller than volume of immersed object

d) position of immemsed object in water

6. If thedensity of object that foats in liguid equals the
density of liguid, volume of displaced liquid is;

a) greater than volume of Aoat object
b} smaller than volume of float object
c) equal o volume of foat object

d) zero

7. Some amount of snow is added nto gmdunted cylinder
which half of it is filled by water, When the snow melts,
height of the water inside cylinder

4] Inerenscs

b} decreascs

¢) does not change

d) increazes by volume of snow that is added into cylinder

8. Afish resis on the boviom of a bucker of waer while the
bucket is being weighed, When the fizh begins to swim around
in the bucket, how does the reading ona the seale change?

a, The motion of the fish cause the scale reading to inerease.
b. the motion of the fish cause the scale reading 1o decrease,
¢, the bugvanl lorce on the ish s exerted downward on the
bucker causing the seale reading 1o increase,

d. The mass of the sysicm and so the scale reading will remanin
unchanged,

9. There arc threc metal picces (gold, silver, copper) which
have equal masses. Densaty of gold is 19300 kg/m?, silver
ig 10500 kp/m’ and copper is 8940 kg/m®. If these three
metal picces are immersed (o same confainer respectively;

a) displaced water by gold iz greater than silver and copper
b) displaced water by silver is less than gold

¢ displaced water by silver is greater than gold and copper
d) none af them

J,,—_-_
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10. A picce of metal s placed on the object that floats
in the swimming pool. Displaced water by Noal object;

a) equals volume of float object
b) equals volume of float object and piece of metalic)
c) equals volume of immersed part of abjeat

d) depends on distance between center of floating ohject
and base of the pool

Q.2. The sentences below are True or False.
a) A balloon which is filled by helium rise in air steadily

b} Pressure of liquid on base of contamer depends on
only mass of the liqud

c) Weight of sunk object in liquid is greater thon upth-
rust foree of the liquid

d}h An object floats in water and petroleum, Immersed
part of ohject in water is greater than petroleam, becau-
se density of petroleum is greater than density of water.

&) Displaced water by an object that floats in water with
whole amount equals volume of the object.

£) Under same pressure heighd of petrolewm s ereater
than hieght of water, because density of petroleun is
greater than water.

Q3. Think

a) Methods of calculating atmospheric pressure and liquid
pressure are di fferent

by [Fwe want o drain 3 container, we must drill two holes
¢) Expluin phenomenon of drinking juice by pipette

d) Fish can change their position at any depth of sca

€] Amateur swinmmmers use pneumatic tire, why?

f) Even if density of iron greater than density of water,
ships tloat in water but iron ball sinks, why?

) Elephants can drink water by their proboscis

h) People can swim in clam sea better than in river, why?
Q4. How dees siphon can draw waler m toilet?

.5, Which effect determines level of balloon in air?

0Q.6. What happens, if an mflated balloon is affected by
followings al FoOIm Iemperature;

a) under sunlight

b} in the fridge

Q.7. What is the working principle of syringe?
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HEAT

o f HEAT And TEMPERATLRE
Heat plays an important role in our lives. Our body uses food to produce heat.

H‘fr We listen to weather reporis on TV because we want to keep our body tempe-
TR : ;-" rature constant, We wear gither thin or thick clothes depending on the tempe-
; ralure outside. We use heat 1o cook. 1o warm up our homes, 10 shape plastic or
; < medal materals and so on.
-’ What gre hest snd temperatime?
P ; The kinetic theory tries to explain the behavior of molecules in pases: it states
“a that matter is made up of tiny particles that have kinctic energy and are ina
constant state of motion (Figure 6.1).
Figure &.1 All matier s made
up of tiny partickes which are in Particles have kinetic energy because they ane in motion, and they have poten-
@ constant state of maotion, tial energy hecause there are attraction force between them.
Motpcules in a8 gas sample
MowE in every dirsction,

When a gas inside a closed container is heated, its particles gain kinetic encr-
m!/-‘ gy and move faster. Thus, the temperature and the intemal energy of the gas
: b inerease, The thermal energy (internal energy) of a substance is the sum of the

frown
ondd = - . - s = . .
1 | usaley v '..i | . kinetic and potential energies of all particles in that substance,

. : When & hot piece of iron i placed in cold water, the iron becomes cooler and
igure When i i i
}tﬂﬂ |5fnimnm; mmlriggw the water becomes warmer. This process continues until both substances reach
tharmal energy Is transterred from  the same temperature. While the piece of iron loses thermal energy the water
the iran to the water. maing thermal energy (Figure 6.2).

We can define heat as a form of energy flowing between two bodies in contact
when they are at different temperares, Heat is the energy transferred 1o a

substance, while temperature is the degree of hotness of a substance. A cup of
boiling water and a kettle of boiling water have the same average kinebe ener-

gics, that is, the temperature of water in the containers is the same, However,

there are more water molecules im the kettle than in the cup, so the water in the

kettle contains more thermal enengy than the water in the cup {Figure 6.3).

kedtl I ili
mmh;ﬂ mﬂnmmm?ﬂ;umn: :?& Temperaturs is & measure of average kinetic energy of each particle of an obje-

energy than a cup full of boiing L 1T the particles of object A have greater kinetie enengy than the particles of

waler, ohject B, object A is at a higher temperature than object B.
nn .2 Hewl exchange
al " If two substances at different temperatures are brought into contact, heat gner-
gy starts to flow from the hotter object to the cooler one as illustrated in the
figure to the lefi. When they reach the same final temperature, heat flow stops.
PN it The beat lost by the bot object is equal 1o the heat pained by the cold object.
A 8 This is called the principle of conservation of heat energy. We can state this in
a formula as:
Heat lost T Heat gallm!.m',II A
Heat energy starts 1o flow from
the hotier object to the cooler one Qe = Qained
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6.8 Mhar is thermul exponsion”

Why are there gaps between railway bars and at the ends of bridges? How do
balloons float in air? Why does 2 glass crack when hot water is poured into it?

These are questions related with thermeal expansion,

When an object gets larger without gaining any matier, we say that the ohject
capamds. When the ohject gets smaller withowt losing any matier, we say that
the object contracts,

The amount of expansion or contraction depends upon three factors;

1.The size of the ohject
2, The type of substance it is made of
3. The temperature change of the substance

i AL LAY | [

The kinetic theory explains thermal expansion foo. When 4 gas s heated ina
container, molecules move faster, collide with cach other, and move farther
apart. As a result the volume increascs and the gas expands, as shown in figure
R

When the heat source under an air balloon heats the gas inside, the heated gas
expands, the volume of the balloon increases, and therefore ar lifts up the bal-

loon {Figure 6.5). {Remember the upthrust of air from the chapter pressure. )

If vou hold a flagk as shown in the figure 6.6, vou heat the air inside and the
expanded air escapes as bubbles into the water.

Another example 15 illustrated in Figure 6.7, On winger days wy balloons or
ping-pong balls contract because of the cold. When we place the ball near a
stove, it expamnds and when we place the ping-pong ball into a cup of hot water,
it inflates.

(rases expand much more than solids or liguids for a given temperature rise,
this is because the gas particles move more freely. The expansion of a gas is
not & characteristic property of matter singe equal volumes of different gases
expand or contract of the same rafe,

Contracted ping-pong  Expandad ping-pang
ball in cold air ball in hot water.

Flgure 6.7

Pefiure: hesting After heaiing

Figure 8.4 As temperalurg increzses
mitacules move fastar and wolums
incraases.

Figure 6.6 Expansion of air
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Expansion of Ligulids

When & liguid is heated, the motion of the molecules increases and they
spread farther opart s0 that the liguid occupies a greater volume,
In Figure 6.8 the three test tubes in water contain three different types of
liquids at the same level and the same temperature. Heating with the bun-
zenm bumer makes the water hotter, the liquids rize in the tubes. However,
the liquids expand at various rates because they are different substances.

Expansion of Solids

Solids expand for the same reasons as gases and liquids; heated particles in
& s0lid vibrate faster and move farther apart, and thus occupy a larger volume,
Many examples of the expansion of solids can be observed in our daily lives,
Figure 6.8 Expansion of three  such as telephone cables drooping in summer due to thermal expansion and

different types of liquids. their contraction in winter, (Figure 6.9)
Telephone cables expand n sumimes Telephone cables contract in winter
Figure 6.9

We can open a bottle’s screw-on metal cap by holding it under hot water s0
that it expands more than the glass botle neck, as shown in Figure 6.10
Metal rings are heated prior to being fixed to a wooden barrel. The rings
contract when they cool and thus hold the barrel tightly (Figure 6.11),

Figure 6.10 Figure 6.11

Steel bridges get longer when they become hotter. Usually, when steal bridges
are constructed, gaps are placed at both of their ends o prevent damage
when they expand in summer and costract in winter, (Figure 6.12)
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Concrete also expands, thus gaps ane placed between concrete slabs, to pre-
vent unwanted cracks from occurning. We can see these gaps in rosds made of
conereie,

Steel rods are placed inside concrete to strengthen it. Since conerete and steel
have about the same linear expansivities, they cxpand equally for the same
temperature rse. I their hnear expansivities were different, the steel would
cause the concrete to crack (Figure6.13)

ﬁgnpnrimﬂnt r f

Alm: To observe the expansion of metals
Materlals: Metal ball and ring device, heater

Procedure: Pass the ball through the ring. When
| they are al the same lemperature, the ball just
| passes throwgh the ring. Mow, heat the ball and try
o pass it through Lhe ring again.

| Dscussion: Does the ball pass through the ring
| after heating? When the ball cools down will i pass throughy the dng?

Sometimes thick glass.cups or bottles crack if boiling water is poured inside
therm. This is because the inside of the gliss expands before the ouiside, This is
shown in the illustration in figure 6.14.

Steam pipes, hot water pipes and fucl pipes ofien have large bends in them as
shown in the figures below, The bends allow the pipes 10 expand without get-
ting cracked.

Gaps are always placed between rilway bars, otherwise on very hot doys the
extension of the bars would cause the tracks to buckle and split open. This
would present a danger to trains travelling over them (Figure 6.15).

Gaps are pl betwaen railway bars
Figure 6.15
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Constrocting o tharrmormeer

A uniform narmow glass tube (capillary) with a bulb at one end is partally filled
with mercury or alcohol. The tube is 50 narrow that a small expansion or cont-
Al Tl raction of the liquid causcs a noticeable change in the height of the liquid.
feapiliang tube)
When the butb s heated, the liquid expands and flls the tube, pushing all the
air o, this is called the capillary effect. The top of the tube is sealed by mel-

. '
o ting the glass.
il '; In practice, the freering and boiling poants of water are used as reference poinis
ey - Bt m_; for thermometers, because pure waler 15 readily obltamable and casy to freeze
E and bl
0=
A thermomeler &5 anamow 3 C
lube with  liquid ;u:mgw,.? 5 When the bulb of a thermometer is inserted inte boiling water, the liquid rises
e in the tube and remaing ai a constant level during boiling, This point is called
z the upper fixed point and the level of the liquid i assigned 100.on the thermao-
&3 meter (Figure 6.16a). When the water is cooled down, the hiquid level drops
;ﬁ until ice forms in the water. This point is called the lower fixed point, it is as-
W= signed 0 on the thermomcter (Figure 6. 10b).
.
3 b Lo
e
I
~

™
(=]

[ERTRA BTN NUFTARRTNL | LLILLE

a

Figures.16 Finding the reference points of a thermomater

By dividing the distance between upper and lower fixed points into 100 equal
panis, we obtain a thermomseter scale which indicates small changes in lem-
peramure. This kind of division of a thermometer is called the Celsius scale,

i because of the Swedish scienbist who invented this scale in the early 1700%,
Surfocs af oo T
Light bulbs n.mm lm Another more commonly known name for the Celsius scale 15 the Centigrade
% = e scale. Table 6.1 mdicates typical temperatures measured m degrees Celsius
i hedy e {°C). Each step on the scale is called one degree Celsius and is written as 1°C
Fremzeng point of water L= i =
St sedanictoni. “H7C W cannot measure temperatures below — 273°C, since the particles in a subs-
Abolute zero “2T3°C  tance have their lowest possible kinetic energy at this point. Since nothing can
be colder than — 273°C, this point is called absolute zero. In scientific work,
Typical paraluEs ureed N
d..,..."é.’fl..,, e using 2 temperature scale with negative numbers is not useful, The Kelvin

scale which is named afier the English Scientist Lord Kelvin, has absolute zero
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as its zere point, Absolute zero corresponds to the lowest possible kinehic ener-
gy of a substance and is related to the Celsius scale as: st

100 £~ + 3
Absolute zero =0 K = -273 °C; 1y [ ___________ l 100
Htps} = o |’mm

Each Kelvin unit has the same size as each unit on the Celsius seale {Figure SR, PR T

6.17) each unit is called a degree. We can find the comesponding reading on the
Kelvin scale from a given Celsius reading using the following equation;

k=273+°C
Figure 6.17 Comparing Celsius and
There is one more common emperature scale: The Fahrenheit scale, On the  Kahin scales
Fahrenheit scale, the boiling point of water is morked 212 °F and the freezing
point of water is marked 32 °F (Figure 6.18). There are 180 equal units betwe-
en these two points. One unit on the Celsius scale is equal to 1.8 units on the

Fahrenheit scale.
“F=1.8x °C + 32 i Sl S
v P e ...
! !
oot 212 |
.'EH'JHEPBJ “B0steps 0000 W :@] y]
| | = F K
SR, | SEEEE| L 32
= r Figure 6.19 Comparing Celsius,
Fahrenheit and Kelvin scales

Figure 6.18 Comparing Celsius and Fahrenheit scales

Exnmple 6.1
IF the temperature on a summer’s day is 30°C, what is the temperature in
terms of deprees Fahrenheit?

100y . _&l2
Sl bom
What does the question ask ? Calculations 30 JeF
The temperature in Eahrenheit, F=? Use the given data in the formula: i
What information is given ? F=1.8x9C +32
The temperature in Celcius, T=30=C “F=1.8 = 30 + 32
What is the relationship between “C and Fscales?  "F=54 + 32

Result: The temperature is 86 F S
s 3

Exercies 5. |

Liguid nitrogen boils at 77 °C, what is this temperature in terms of degrees Kelvin 7 Ans ;350 K
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.1. Fill in the blanks

a) When a substance is hested, its molecules move

b) Heat flows form ohject to 1o object.

c) is measure of average kinetic energy
of each particle in the object.

d) If ohjects are in thermal equilibrium, thier
ATC SAMG,

) Freezing point of water at sea level is [

fiboiling poin of water at s¢a level is

E) 0K equals C

hy Scales of thermometer a1 our bomes staris from
Lo

).12. Choose the correct answer.
1. A device that measure temperature is;

u) thermometer h) spring-balance

&) barometer d) calorimeter

2. The boiling point of liquid hydrogen is -252,87 T,
what 15 the value of this temperature on the Fahren-
heit scale ?

a.20.28 "Fn

b-220ETF

e 4232°F

d 0°F

3. Which one of the following effect changes scale of
thermometer which 15 placed in substance?

ajchangingsize of substance

b changing temperature of substance

¢) changing chemical property of substance
d) changing color of substance

4. What is freezing point of water at sea level in Kelvin?

4} 237 b) 273 &0 dy-273

&, If we want to get two objects in thermal equilibrivm;

a) ohjects are made by insulated material

b objects are painted with different colors

¢} one of then is immersed 10 hot water and the other is
irmmersed o cold water.

d) objects are get into contact

.3, What is freezing point of water at sea level?

a) in Celcius biin Kelvin

.4, What does substance gain if it is heated?

Q.5. Why part of medical thermometers that contains
mercury is designed as namrow?

€).6. What is the type of thermometer which is used in
industry?

€).7. Which substances radiate electromagnetic energy,
hot substances or cool substances?

Q.B. Convert the following temperrature scales to each
other;

a)86'C-__ K

waCc=__"F

¢)373K=__'F

dj4'C=__ K
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CHAPTER 7
HEAT TRANSFER

PERFORMANCE INDEX

After completion of the study this chapter the student should be
able to:

1. Express Heat transfer (conduction, convection and radiation).
2. Compare between Good and Bad absorbers.

3. Compare between Good and Bad emitters.

4. Describe Home heating system.

5. Understand solar heating system.
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78 Heat transfer
There are three ways for heat to travel; conduction, convection and radiation.
These are illustrated inthe fipure (o the left.

T Conductien

Particles in homer places vibrate more quickly than particles in cooler places.
Conduction is the flow of heat through matter by the collision of particles from
the places of higher temperature to the places of lower temperature as illust-
rated in figure7.1. Most metals are pood conductors of heat; e.g.: iron, copper,
alurmnum amd silver. Some matenals such as womd, glass, cork, paper and
plastic are poor condictors of heat, and 5o are called insulators. Insulators are
used to prevent heat transfer between hot and cold places, such as water pipes,
ovens, refrigerators and the grooves and walls of buildings. For instance
the handles of saucepans and kettles are made from insulators to prevent our

hands from buming (Figure 7.2).

Heat can travel in three ways.

, - fuligh ey
w bemyacraime ol
' T TR R
Figure 7.2 Plastic handles R A N
prevent heat eonduction m—p=-
_ bt travesher

Figure 7.1 Heat transfer through a
mvetnl by conduction
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Metal objects below body temperature, feel colder than those of the

same temperature made of poor conductors. This is because metal obje-
cts carry heat away faster from the hand, although all the objects are at
the same temperature (Figure 7.3 )

We often use wooden spoons for cooking. Why?( Figure 7.4 )

4] A
SaacF R o A

Copper at 15°C  Woaod a1 15 °C Liquids and gases also conduct heat but very slowly, so they are also
poor conductors of heat. Water is also a poor conductor, when you heat
Figee 1.3 the tube shown in Figure 7.5, the water at the top of the tube boils befo-

re the ice at the bottom melts.

7.2 Convection

Convection is the flow of heat through a fluid from places of higher tem-
perature to the places of lower temperature by the movement of the fluid
itself. Get a matchstick and strike it. Hold your hand both above and then
below the flame of the match (Figure7.6). When does your hand warm
up? When it is above or below the flame? {Be careful not to burn your
hand!)

Because hot air rises, dust in the air sticks the walls as shown in figure 7.7,
We can also observe convection currents In air with the apparatus shown
in Figure 7.8 Tt is a wooden box with a glass window and a glass tube
used as-a chimney. The direction of the convection current produced by
the candle is made visible by the smoke from a smoldering piece of paper,
This also shows how chimneys help to ventilate rooms.

Figure 7.7 Black marks Figure 7.8 Demonstration
scen on the wall above a of convection currents in air.
lamp or a radiator,
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A3 Radiation

For the flow of heat from hot objects o cool ones by conduction and convecti-
on, mater must be present. However, the heat from the sun reaches us through
space although there is no matter. Radiation is the third methed of heal energy
transfer: It is the flow of heat from one place to another by means of clectro-
magnetic waves (Figure 7.9).

When radiation falls on an object, it 18 pactly reflecied, partly transmitted and

partly absorbed. Absorbed heat causes the molecules of the object to vibrate
more, and so the object becomes hot (Figure 7.11)

eitiiil mlawnrbers mod sl glasorbers

Dull black surfaces are betier absorbers of radiation than white shiny surfaces.

Because of this, the insides of solar collector panels are painted black colour,
(Figure 7.1}

Figure 7.10 Black surface
mzide o solar collector

Figure 7.9 An clectric fire heats
the room by radiation,

Figure 7.118hiny surfisces are
had absorbers and reflect the sun's

Tays,

The following cartoon is a diagram showing the difference between the three

methods of heat transfer.

Sm

o B R g

,- ] ,_.‘.
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Crercrdd enrnnitees ol bodd emnres

Some surfaces emit radiation better than others, 17 vou heat a copper shesat
which has one side shiny and the other side blackened, as shown in the figure

7.12 , then hold the backs of your hands to @ither side of i, you will find
that the dull black surface will heat your hand better than the shiny one.

Bright shiny surfaces are bad emitters of heat. They don't lose much heat by
radiation when they are hot. For ths reazon kettles, tea pots and saucepans
are brightly polished to keep their insides warm (Figure 7.13).

Ll o T =

Figure 7.12

Figure 7.14 The insides of Car and motorcyele radiators are
toasters and saucepans are painted black to radiate away heat as
pooed ermitbers of heat. quickly as poszible.

Figure 7.13 Shiny surfaces are bad emitters,

In an electric fire, a shiny metal mimor 15 used for the opposite reason; to
reflect rays owt to the room.

In general, surfaces that are good absorbers of radiaton are good emitters
when they are hot, Dull black surfaces radiate away much of their energy,
Therefore inside of toasters, saucepans, cooling finds of a refrigerator, and
car radistors arc usually painted dull black (Figure 7.14)

C
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Vacrnm fasks

Avacuum or thermos flask keeps hot liguids hot or cold liquids cold. It is very
difficult for heat to travel into or out of & vacunm flask because it is designed
to minimize eonduction, convection and radiation,
A vacuum flask is a double walled glass bottle with a vacumm between the walls
(Figure7,15). Radiation is reduced by silvering both walls on the vacuum side.

The vacuum prevents encegy transfer by stopping conduction and convection,

Flumie heating systems

There are different ways to heat bomes and buildings. All heating systems ang
the technological applications of conduction, convection and radiation, Figure 7.15 A thermos flask
and its parts

Heating systems include steam, warm-air, hot-water and solar heating systems
which depend upon convection currents to distribute heat, The following figu-
res show how these sysiems work.

Hot-water heating system

In radiant electric system resistance wires carrving current radiate heat throu-
ghout the room, and convection currents distribute it In radiam hol-water sys-
tems hot water pumped through the pipe radiates energy from the floor throu-
ghout the room {Figure 7_16).

Figure 7.18 Radiant electrc system and radiant hot water system




Figure 7.17 Passwve solar healing
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Nolar hienting sysiem

There are some other methods to heat rooms, such as active and passive solar
heating systems. Solar heat is environment friendly. Passive solar heating does

not require too much special equipment, such as pipes or pumps, A solir systemis

built on the south side of 2 building. Tt has a glazing material (glass) ouside and

a massive material inside to absorb and store sun's heat. The sunlight entering
through the glass warms the solar sysemduring the day. Then the air ventilation

allows the heat 1o circulate into the room. Look at the figure 7.17.

The active heating system uses solar collectors on the rool of the buillding, Pi-
pes run throughout the home, and water 15 pumped over the bot solar collector,
distributing heat to the rooms of the house, or to a hot water storage system

{Figure 7.18).

solar heating solar
system cell

Figure 7.18 Active solar healing system
2™
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3. Air inside the balloon is heated, because;

.1. Fill in the blanks

L keepsanimals warm. 4 arr comstructs, its density inereases and balloon rises
2. Heat is transferred from Son to Earth by b air expands, its density decreases and balloon rises
A Windows with double glasses kesp room ¢} in order the keep molecules a medium is generatedd)
4. In days thick cloihes, in days ability of heat transfer of air increases
thin ¢lothes are wom.
5. When land breere occurs, when Q.3. Explain

ses breede oocurs,

a) heat is placed ot the base of katde

% prevents cooling of hot drinks and ;
: g of wald inks. b) Freezing compartment places 1o upper part.
7. Heat is transferred by in zolid and
tanaferred by, dniguid. 0.4, Compare conduction, convection and radiation
8. When a container that iz Alled by Liquid is heated,
molecules expand on base and molecules which have

0).5. Explain water is bad but copper is good thermal con-

9. Gerisity moves up. Cold mulecules which have dustoe by activities.

density takes place of them.
.2. Choose the correct answer, €).6. Show convection currents in the room that a heater
: e 15 placed in it.
1. Which one of the followings 15 the best thermal con-
ductor?
a) glass b} aluminum
¢) copper d) iron

2. Which one of the following is heat insulator?
a) wool b) irom

¢} silver dy aluminiim




tie INSIDE STORY

ov GLIMATE AND GLOTHING

Tu remain healthy, the human
body maust maintain 3 temperature
of about 37.0°C (98.6°F). which
becames increasingly difficult as the
surrcunding air becomes hower or
colder than body temperaturs.
Unless the body is properly
insulated, its temperature will drop
In its atcempt to reach chermal
equilibrium wich very cold sur-
roundings. [f this situation is not
corrected in tme, the body will
enter 5 stave of hypothermia,
which lowers pulse, bload pres-

sure, 2nd respiration. Once body
temperature reaches 32.2°C
(90.0°F}, a person can bose con-
sciousness. Yhen body tempera-
ture reaches 35 67C [TE.OFF),
hypothermia is almost ahways faml.

To prevent hypothermia, the
transfer of energy from the human
bady to the surraunding air must
be hindered, which is done by

Thett ligptar parkn, caled an g, consise
ey of & carvas shell over sheepskin,
Thee wool provides byers af insulating
\frhmmmtmuﬂﬂu:ﬂ

surrpunding the body with heat-
insulating material. &n extremely
effective and common thermal
insulator is air, Like most gases, air
is & very poor thermal conducton,
50 even a thin kyer of air near the
skin provides a barrier to energy
rangfer,

The Inupiac people of northern
Alaska have designed clothing o
protect them from the severe Src-
tic climate, where average air tem-
peratures range from 10°C (50°F)
te —37°C {-35°F). The Inuplat
clothing ks made from animal skins
that make use of air's insulating
properties. Untl recently, the tradi-
cional parka (atg) was made from
earibau thins. Two separate parkas
are worn in yers, with the fur lin-
ing the inside of the inner parka
and the outside of the outer parka.
Insulation is provided by air that is
trapped between the short inner
hairs and within the long, hollow
hairs of tha fur. Today, inner parkas
are made from sheapskin, as
shawn on the left.

At the other extreme, the
Bedouwing of the Arabian Desert
have developed clothing that par-
mits them o survive another of
tha harchest enviranments on
Earth. Bedouin garments cover
muost of the body. which prorects
the wearer from direct sunlight
and prevents excessive loss of
body water from evaporation,
These clothes are 2lso designed to
cool the wearer. The Bedouins
must keep their body tempera-
tures from becoming too high in
desert temperatures, which often
are in excess of 38°C (100°F), Heat

The Bedouin headcloth, called a kefyaf,

employs evapomton (o remaove anar-
& from the alr closs 1o the head.
which conls the wearer,

exhaustion or heatstroke will
resule if the body's temperature
becomes too high.

Although members of different
tribes, as well as men and women
within the same tribes, wear differ-
ent types of claching. a few basic
FArMERtS are common to all
Bedouins. One such garment i3
the kefiyah, a headclath wern by
Bedouin men, as shown in the pho-
tograph above, A similar garment
made of two separats cloths,
which are called a mandi and a
hatta, is worn by Bedaouin women,
Firmly wrappad arcund che haad
of thie wearar, the cloth absorbs
perspiration and cools the wearer
during evaporaton. This sane gar-
ment is also useful during cold
periods in the desert. The gar-
ment. wound snugly around the
head, has folds that trap air and
provide an insulating layer to keep
the head warm.

i




STATES OF MATTER

PERFORMANCE INDEX

After completion of the study this chapter the student
should be able to:

1. Define Melting.

2. Describe Specific latent heat of fusion.

3. Explain Freezing.

4. Compare between Evaporation and Boiling
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&1 Siates of maticr

Matter is found in three states; solid, liguid and gas. In the solid state, particles
are closelv packed and they can only vibrate back and forth about fixed posi-
tions. In the liquid state, the particles are close to sach other but not in a fixed
position. They can slide over each other. In the gaseous state, particles are far
apart from each other, They have very high kinefic energy and they can fill the
empty space around them completely (Figure 8.1).

P ?:.O: "> 9
ﬁﬁﬂmﬂ "“ de:ﬂﬂﬁ 2 '

solid i [jas
Figure 8.1

Solid particles are swongly Liguid particles move slowly, they Cias particles have very high ki-
bonded. They make vibrati- slide over each other. and are  netic emergy, they are far apart
onal motion. A solid has & defi- held topether closely. A liguid has a from each other. A pas neither

nite shape and volume definite volume but not a definite has a definite volume nor & defi-
shape. It takes the shape of the  nite shape, Tt fills any space it is
confaimer il is pourad info. fiowmd in.

Matter can change its state from one form to another. For example if we
heat a zolid; it can tum into a liquid, and if we cool a Liguid it can tum
inke a solid.

libealigh | La/gl
Tﬂ m’:E‘ il P What w Malling? 3 ) .
M i 15 wsop As we heat a solid, the particles start to vibrate faster At a certain
Berzene 55| 302  jzec00  temperature, the particles have a high enough kinetic energy 1o break
Copper tosan| 4ps | w7e00  their bonds with neighbouring particles. Then the regular arrangement
Eibl alcabel 1134, 258 | 108800 of the whole solid s destroyed, and the particles slide over each other.
:_'“ o x H‘::: This is the change of state from
S ol ko | 25000 m-lidl o 1iqllnd. and is called :
PR 385 27 | nae  melting. Solids usually expand 32770
Sitvar #e00| 110 sez00  when they become liquids
Tabile 1ok soB0| 1aB  4ae000  (FipureH.2)
The melting point of a solid is a
Melting poinits and latent heats of -
et orima dradinicrel characieristic property af
matter, every solid has a
different melting point. The
melting points of some ﬂ_%'lﬁgﬂ Irquldh.ud'ar
substances are shown in

Table .1 Figure B.2 Melting of a solid
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Specific fatent heat aof flsion

The specific latent heat of fission (L) is the quantity of heat energy needed fo
change | kg mass of a solid into a liquid without any change in temperature.
Different solids have different values of specific latemt heat of fision. It is also
a characteristic property of matter.

The specific latent heat of fusion of ice s 335 000 kg, or B0 cal/g, That i, in
order to chanee | kg we at ( °C into water ai the same femperature we must
provide heat energy of 335 0040 1,

Wit is Freecing?

Freezing 15 the change m sinte of matter from the ligud state into the solid
state, without any change in tompersture, It 35 the reverse process of
melting. We can obtain a solid from a liquid by removing encrgy from
it. During freezing, the particles of liquid lese kinetic energy and slows down,
The particles then anract each other and form o regular struciure (Figure B.3).
Since the particles are now closer 1o each other, the volume of matter
decreases. Therefore substances usually contract when they freeze and
expand when they melt,

However there are some exceptions. Waler is one exception which expan-
ds ns it freezes to form ice (Figure B4). IF water is hested from 0°C up to +4°C,
its volumie contracts even though its being heated. Above +4°C, it hehaves
as other liquids and cxpands as it is heated. The graph below shows the
change in volume of water with temperature. As seen, water has its smallest
volume at -+ *C, that is; water is densest at +4°C,

| Velurme
Figure 8.4 Change
In vodurme of watar
with temperatune
| Temperature
Ol +4°C

The freezing point is the same as the melting point for matter. This is because
the process of freezing is the oppaosite process to melting, for any sobstance
the specific latent heat of freezing is equal to the specific latent heat of fusion:

Liiea™ Li'tul.:r;

327°C)

327

fi feaed @l sadict fead at
mJgT 327

Figura 8.3 Freezing of a liquid

Tlti -
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Whar ix evapuration? What ix boiling?

In a liguad, particles move in all direction at different speeds. Particles with high
kinctic encrgy near to the surface of the liquid can overcome the attraction
of the other particles and enter the gas state, The change of state from liquid into
gag is called evaporation.

At all temperatures, some cvaporation occurs at the surface of the liquid. This
explains why the level of water i glass left on a table slowly goes down by
time. And also it explains why clothes dry even on a cloudy day. Heat increases
evaporation. I we heat a liquid continuously many of its particles gain higher
kinetic energies and can change into the gos state over the whole of the liquid
{Figure 8.6). The moment at which evaporation is at 8 maximum rate is hot
boiling. During the boiling the temperature is constant. The temperature at
_ which boiling occurs is called the boiling point.

Spocific lutent heat of vaporivariog

The reading on a thermometer in boiling water remains constant even though
heat, called fatent hean of vaporisation is still being absorbed from the heater
by the water. Specific latent heat of vaporsation (L) 15 the quantity of heat
required to change 1 kg of a liquid into its gascous state without a change
in temperature. In the 51 unit system it 15 measured in kg, and in thermal units
il 18 measured in cal'g.

The specific latent heat of vaporisation of waber 15 2 260 (00 1'kg, or in thermal
units 540 cal/g. That is, we need to supply 2 260 000 J of encrgy to change 1 kg
of water at 100 C into vapor at the same temperature (Figure 8.7). All liquids
have a different specific latent heat of vaporisation, as shown in Table 8.2

Figure 87 2 260000 kJ energy i nesded to
convert 1 kg of water al 100 T ino vapour &t
the zame temperaturs.
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What is condensation?

As we know from the preceding sections, gas particles have very high kinetic ~ 100°C Ul a 100°C
energies and they are in a state of constant motion. In a container, particles at o \\

very high speeds strike the walls of the container and lose some energy. This / § m: h \k

loss of energy slows them down and cause them to change state from [ ('( W y 9 )

gasinto liquid. This is the reverse process of vaporisation and is called % \"‘TIIT' "4 7/

condensation. When steam condenses to form water, latent heat (hidden heat) e L 9]
is lost. The specific latent heat of condensation is equal to the specific latent ey el (,'j,‘f;}'f,)

heat of vaporisation: Figure 8.8 Condensation of water vapour

vaporisation condensation

The temperature of condensation is equal to the temperature of boiling for the
same substance. When a gas condenses it liquefies(Figure 8.8). We can give
some examples of condensation from the environment. The warm moist air
rises from the earth and cools down at high altitudes, where they condense and
form clouds (Figure 8.9). Steam from a tea kettle condenses onto cold glass
windows forming water droplets.

and living things form clouds.
. s

Figure 8.9
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Acpenernl fook 8l the varons stiics ol matic

The following graph illustrates the change in state of water from ice through
to gas.

Termperaiume ~C)

s I

iami
Sl
e
L 3 h
Lo

I Heat (cal)
i ! w v oo
i 1 i i
1 ! i
Solid |Solid + Uiquid| Uquid | Uguid+Gos | Ges |

Al the beginmung ioe 15 at — 20°C. The eraph 18 analveed in five stages:
L. In the first stage ice at —20°C warms up to 0 °C.,

IL In the second stage, only ice is present at 0°C but it slowly melts, and
transforms into liquid water without any temperature change. Thus, both
solid and liquid states of water exist together, The duration of this stage depen-
ds on the amount of ice.

I1l. The third stage begins after all the ice has melted. Only water exists o
07C, but its temperature slowly increases from O o 100PC,

IV. In the fourth stage liquid water at 100 °C changes to vapour at 100
P, Thus both liquid and gaseous states of water exists at the same time, The
duration of this stage also depends on the amount of waier.

V. In the fifth stage water exists in its gaseous siafe, continwous heating
raises the lemperature,
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Wl ix suifimation”

In some cases substances can change directly from solid to vapour or from
vapour to solid without passing through the liquid stage. Sublimation is the pro-
cess by which a solid changes directly into 2 gas, For example, moihballs,
iodine and dry ice (zolid carbon dioxide) are some substances that sublimate at
room temperature. This process 15 illustrated in figure 8.11

Fociors affecting the botfimg point af fguidy

The boiling point of o liquid can be increased by dissolving solids n

it, Some of the heat energy 5 used to break down the attractive for-

ces between the liquid and dissolved solid particles. Therefore the amount of
dissalved solid canses an increase in boiling point of a liquid (Figure 8.12),

Another important effect on boilling point 15 pressure. The elffect of pressure

can be explained by the kinetic theory, The parficles, having gained enouzh

kinetic cnergy to cscape from the liquid must alse overcome the air pres-

sure above the liquid. 1f the air pressure is high, the particies leaving the liquid
can be condensed back into the liquid form. Only liquid particles with very

high energy can change inte the gaseous state. By lowening the gas pressare

over the lguid, the particles escape more easily from the hguid. Thus

we cun say that increasing the air pressure increases the boiling point,

and decreasing the pressure decreases the boiling point of the liquid. At higher

altitudes, for example at the top of mountains, the air pressure is lower so the

boiling point of water decreases, For example water boils at 88 °C at the top

of Uludad in Bursa and at 70 °C at the top of mount Everest. The boiling point

of water at various altitudes 15 shown the figure to the right.

In & pressung codokes water boils e a
higgher tormpeiatuen of anmand 120 5
Heating the wapour cewses a higher

-mhegndﬂmbﬂmm
R T
A\ | 1 AR e
=
B Y
" &= paint |
Figare 8,14 (
N
Figurs 0,15

.

——. S

{
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Flgure B.11 Subbmation is bhe
ehange in slale rom solid into gas.

Figure B.12 Adding sall mcreases
the boding point of water.




Figura B.16 Adding sall decreases
the freezing point of water.

Figure 8.17

Vd
b e

Figure B.18 When ather evaporales it
absords heat from the suroundings,
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Lovering the freesing and melnng points

If a solid 15 dissolved ina ligud, the hquid freezes at a lower temperature Thas
is bhecanse the substance added to the liguid cavses it o form a vegular
arrangement of its molecules ata lower temperature, For example if we dissol-
viz some salt in water, it freezes below 0°C, and also if ice is not pure, it melis
il a emperature lower than 0 °C (Figure 8.16 ). This is why salt s scamered
on icy roads in winter. Another example of lowering the freering point of
a substance is to add a special liquid to the car motors in winter to decrease the
freezing point, this liquid is called anti-freeze, See figure 817,

Pressore decreases me iims- palnt

The ice black stands on two supports. A thin copper wire is placed around
the block with a weight suspended from it. The high peessure of the copper wire
lowers the melting point, so the 1ce melts, and the wire slowly falls through.
s the wire moves down, the water above it will freeze agam, and the we will
be just as solid as it was before, This process of melting by pressure and
re-freezing is catled regulation.

Coolimg produced by evaporniio

When a liguid evaporates, it shsorbs energy from its sumroundings, as
& result the surroundings cool (Figure B1E} This is why people feel cool after
swimming or having o bath, Some liquids have low boiling points, therefore
they can change into the vapour state more easily. Methylated spirits and ether
are two examplas. [T a little ether i poured onto 8 hand, it evaporates rapidly
by absorbing heat from the hand, making the hand feel cooler.

Refrigerators and air conditioners work with liquids that have low boi-
ling points. Usually freon gas is wsed in refrigerators to cary heat from
the cooling unit to the outside . Pipes inside and outside the
refiigerator are used to pump the freon around the fridge. An electric pump re-
moves the freon vapour inside the cooling unit and reduces the pressure. Thus
the boiling point of the freon is lowered. Evaporating freon, absorbs latent heat
from the freezing umit. The pump compresses the vapour into the condensing
unit outside the refrigerator. This unit is 8 high pressure area and freon vapour
changes into liquid, losing the latent heat of vaporisation to the summounding
air. The continoous recycling of freon in the pipes keeps the inside of the
refrigerator gool, Air conditioning systems alse work using the same pringiple.

e =
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).1.Choose the correct answer

1. Sublimation is;

a) change of siate of maotter from solid state o liguid
state

b) change of state of matter firstly from solid state 1o
liquid statz, then 1o gaseous state

¢) change of siate of matter from liquid siate o solid
Slite

d) change of state of matter directly from solid state to
gascous state

2. Melting point of ice is 0 *C at;

a) Al standard atmospheric pressure

b} Pressure that greater than atmospheric pressure
¢} Pressure that less than atmospheric pressure

d) Pressure does not affect

3. Beiling point of water is;
a) 0C

b) less than (°C

¢) greater than 0°C

d) water boils at any lemperauire

0Q).2. The sentences below are True or False. If Fal-
s¢ correct sentences withoat changing underlined

2. Iceat 0°C melts by heating and applying pressure

3. Specific latent beat of fusion is the quantity of heat ener-

gy nesded to change 1kg mass of 2 solid into a liquid wit-
hout any change in femperature,

4. The specific latent heat of vaporization of water is

136kj.

3. Condensation is dﬂlﬂﬂ

inmtsnfmunﬂumgum
atabe to liquid state.

6. Water lnses heat without mcreasing its temperature.
7. Evaporation speeds of substances are same.

8. People in Basra have trouble in summer because of dry

F i

o Ev
o

of liguids increase when they arc

.3, Fill in the blanks
1. Specific latent heat of fusion of water at 0°C is ;

2. Water Freeees under °C by prossure.,

3. Cold water bails ry

pressure.

4, Evaporation is

5. When salt is added 10 water, freezing point of mixture
&, Vapor heat when it B
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0.4, How does a refrigerator work? 0.7. In cold winter days, glass water bottles blow up.
Why!

.5, Sometimes we observe that cold fizzy drinks frees- 0.8, Explain why people tend to feel cold after having
zes after opening cap. Why? bath.

0.6, Water loses heat during; 0.9, Mud caps freeze when they are cxposed to drafits,
However, if glass caps arc used 1 stead of mud caps, they
a) Evporation do not freeze. Explain, why?

b} Condensation
) Freedng




