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'Physical Quantities and
Measurements

Student Learning Outcomes

After completing this chapter, studentswill ba able to:

Differentiate between physical and ron-
physical quantities

Explain with examples that physics is based
on physical quantities [Including that thess
congist of a magnitude and & unit]
Diferentiate between base and derived
physical quantities and units.

Lize the seven units of System International
{3} along with their symbuols and physical
quantities (standard definiticns of 51 units
are not required) :
Analyse and express numerical data using |
scientific notation [in measurements_and
calculalions.] £,

Analyse and express nurmerical data using prefixes [interconverting the prefives and
their symbols to indicate multiple and submuttiple for beth base and denved units.)
Justify and Mustrate the.Gse of common lab instruments to measure length
[Including least countof instrumants and how to measure a varety of lengths with
appropriale precsion using Tapes, Rulers and Vernier Callipers and Micrametres
(inciuding rgad.]lng‘ﬁe scale onanalogue and digital callipers and micrometres)]
Justify and’ Hiﬂ's'iraia the use of measuring cylinders 1o measure valume [Incduding
both masuremeant of volumes of liquids and determining the volume of & solid by
displacement]

Justify and [lhustrate how to measure time intervals using lab instruments [Induding
ciocks and digital timers.

Identify ard explain the reason for commen sources of human and systematic errors
in experdments.

Determme an average value for an empirical reading [Including smal distance and
far a short interval of time by measuring moultiples fnduding the perdod of osiilation
of 3 pendulum)] The urcertainty in messursments and describe the need . using
significant figures for recording ard stating results of various measurements,




»  Diferentiate between precision and acouracy.
+  Round off and justify measured estimates to make them reasonable. [Based on
empirtcal date to an e ppropriate number of signilicent figures]

«  Determine the least count of a data collection instrument (anakogue) fram its scale.

We are living in a physical world where we ocbserve many natural
phenomena and objects around us such as Sun, stars, moon, oceans, plants,
winds, rains, etc. People have always been curicus o know the reality of such
happenings. This has led certain people to investigate the facts and laws working
in this word. This field of observation and experimentation to uriderstand about
the world around us is known as science. Everything in our I[resls closely linked
to science and the discoveries made by the scientists. In erder to obtain reliable
results from experiments, the primary thing is to make accurate measurements.

Physical quantities and their measurements have always been the matter
of interest for the scientists. They have been investigating to improve the
methods and instruments for accurate nraaiurerFrents of the physical quantities.
In this chapter, we will discuss physical guantities, their measurements and
related contents. :

1.1 Physical and Non-Physical Quantities

We describe variaus natural phenomencn, events and human behaviour
using some of their features and terms such as love, affection, fear, wisdom,
beauty, length, volume, density, time, temperature, etc. Some of these can be
measured diré&l‘,r and indirectly using some tosols and
instruments such as length of an object using a ruler, time 5 2 NeM-physical
duration of an event using a cleck, the temperature (the m::;
degree of hotness) of somebody using a thermometer.

They are called physical quantities. The foundation of physics rests upon physical

guantities through which the laws and principles of physics are expressed,

Other quantities guoted above such as love, affection, fear, wisdom, and
beauty cannot be measured using tools and instruments. They often pertain to
the perception or interpretation of the observer. They can be described or




gualitatively or compared using some pre-determined criteria, indices or
through survey technigues. Non-physical quantities mostly help to understand
and to analyse human behaviour, emotions and social interactions.

Tabla 1.1

Quick Quiz Complete the fallowing
Physical Quantity Non-Physical Quantity

1. Measurement

2. Imstrurment used

1. Mumercal value and unit

4, Examples i, O
2 &

1.2 Base and Derived Physical Quantities

Physics is a scence of physical world where we interact with many
different types of material uhjem,'méh objects are exposed in terms of their
measurable features known as ph’;.'f!i‘-:al quantities such as length, breadth,
thickness, mass, volume, deqsi_t'f. time; temperature, etc. Out of these, the
sclentists have selected afbftrérﬂy some quantities to play a key role. They are
called base quantities. AII Ihé quantities which can be described in terms of one
or more base quanhhﬂs are called derived physical guantities. For example,
speed is a derived _'ql_.l'al"ltltj‘ which depends on distance and time which are base
quantities whereas density of a material is described in terms of mass and
volume.

Measurement of a Physical Quantity
A measurement is a process of comparison of an unknown quantity with a
widely accepted standard quantity.
Activity 1.1
The teacher should faciitate this activity and initiate discussion as per direction,
One student should medsane the length of a writing board with his hand. The same should

be repeated by four or five students. Are all the measurements samea? If they differ, then
why? What is the solution to avoid confusion?

T




In the early days people used to measure length using hand or arm, foot
or steps. This measurement may result in confusion as the measurement of
different people may differ from
each other because of different
sizes of their hands, arms or steps.
To avoid such confusion, there is a
need of a standard so that
measurement by any person may
result the same. This standard of
measurement is known as a unit.

A measuremeni consists of two
parts, a number and a unit. A
measurement without unit is
meaningless.

Not very far in the past every
country in the world had its own
units of measurements. However,
problems were faced when peaple

of different countries exchanged scientific information or traded with other
countries using different units. Eventually, people got the idea of standardizing
the units of measurements which could be used by all countries for efficient
working and growth of mutial trade, business and share scientificinformation.

1.3 international System of Units

The int_&_r_i';ifiiinnal committee on Table 1.2
weights and measures in 1961 recommended

“The International Prototype kilogram

the use of a system consisted of seven base I: quantity Unit | Symbel
units known as international system of units, | 1 Length metie m
abbreviated as SI. This system isin use all over [, Mass kibgiam | kg
the world. 3 == nad =]
Use of S measurements helps all '

scientists to share and compare their| * Vmpamhun s |
observations and results easily. The seven| 5 |Becliccument) ampere | A
base units are given in Table 1.2, Their values | & |inmensitycffight| candela | cd
are fixed with reference fo intermational 7 | Ameunt of i e
standards. substance




Derived Units

Base units cannot be derived from one Table 1.3

another and neither ¢an they be resolved into| g¢ | Physial g
anything more basic. While the units of derived [Ne. | quantity
guantities such as speed, area, volume, force, | | Area  |squaremetre|
pressure and electric charge can be derived| 2 | Volume | cubic metre m’
using the base units. These units are called! 3, |  Speed Mm g™
derived units. R R B
t :T]E ””itﬁm“""‘id‘ I::; I:IbE:'uEd :d : 5 Bt Sl =
erms of base units are ca erived units. 2 e
Forexample, Area = length = breadth B ikl ml?m :
= metre x metre 7. | Paneapgle] redien | rd
= sQuare metre
= metre’ or m* .{\ Quich Quiz

Speed = Distance/Time = metre/second = I'!'Insﬂ."j"aci tﬁu . m:- ;ar:: i Ifmg& .
: _ : ; i, nit am
A few derived units with specific names. and wmuﬂimr R

symbols are given in Table 1.3. ) {b} Ewpress the unit of pressure
"mazcal” in some other undts,
S| Prefixes:

The Sl is a decimal system. Prefixes are used to write units by powers of 10.
The big quantities like 50000000 m and small quantities like 0.00004 m are not
convenient to write down. The use of prefixes makes them simple. The quantity
50000000 m can be written as 5 x 107 m. Similarly, the quantity 0.00004 m can be
written as4x 10”7,

Prefixes.are the words or symbols added before Sl unit such as milli,
centi, kilo, mega, giga (Table1.4). The prefixes given in Table 1.4 should be
kniown for use of 51 units effectively. For example, one thousandth (1/1000) of
g metre is millimetre. The thickness of a thin wire can be expressed
conveniently in millimetres whereas a long distance is expressed in kilometres
which is 1000 metres.

Multiples and sub-multiples of mass measurement are given in Table 1.5

whereas multiples and sub-multiples of length are given in Table 1.6. The
following examples will explain the meaning of prefizes.




5000
sooo mm =208 5 =5
w = ooo i

i) 50000 cm =22900 1 < sopm of Ton
100 atto a o™
; _ 3000 N femito f 1w
{iil) 3000g = 000 kg =3kg s 5 e
nana n 10
{iv) 2000 ps = 2000 x 10%s=2 % 107 s mes | w TS
=2 ms il m o
1.4 Scientific Notation i 2 il
deci NG 1w
It is short way of representing very| kilo S o [
large or very small numbers. Writing]  mega | M 10"
otherwise, the values of these quantities, take dar—F G 0
up much space They are difficult to read, their *téta g - o
relative sizes are difficult to visualize and they| —
are awkward to use in calculations. Their r,-pata P 18
decimal places are more convenieptlyl. ®a E 10

expressed as powers of 1l].ThenumE=rigI;nart

the decimal point until only gne non-zero
digit remains on the left; Then count the
number of places thmughwhlch the decimal

G ‘Tablo 1.5

of the guantity is written as 2 number; Tto § e =

9 multiplied bywhole number powers of 10, To b | e

write numbers using scientific notatien, move 16 quintal or e
1000 kg

' Table 1.6

point is moved and use-this number as the 1m 100 cm
power or exponents of 10. The average 1em 10 mm
distance from :T:he Sun to the Earth is Tkm 1000 m
138,000,000 kimn: In scientific notation, this 1 mm 107 m
distance would be written as 1.38 = 10* km, 1em 10 m
The number of places, decimal moved to the 1 km 10* m
left is expressed as a positive exponent of 10.
Diameter of hydrogen atom is about q50mic aqualio:
0.000,000,000,052 m. To write this numberin g j000pm (b} 1000 em
scientific notation, the decimal point is moved ¢ 100,000 mm (6} 1km
11 places to the right. As a result, the diameter '
is written as 5.2 = 10" m. The number of Do You Know?

places moved by the decimal to the right is
expressed as a negative exponent of 10,

The kilogram is the only basae
unit that hes a predix




Example 1.1
Salve the following:
(=) 5123x10*m +3.28%x10°m
(b) 257=10%mm — 343=10"mm
Solution
B  5.123x10°m+ 328x10°m
= 5123x10%m + 328x10'm
= (5.123+328)10'm
= 37923x10'm
=37923x10°m
B)  257x10"mm-343x 10" mm
= 257 x 10" mm-0.343x10% mm
= (2.57-0.343) 10" mm
= 2.227%10° mm
=2227x10° % 10" m
= 2227%10%m
Example 1.2 ’
Find the value of each of the following
quantities: %
@ (3= 10%kgi(Ex10° m}.
b) 6x10°m® '
2x10%m?
Solution
(@) (410" kgh{6x10° m)=(426)=10*" " kg m
" =24x%10°kgm
=24x10" kg m
(B) :lﬂ*m'_-_f.i_ « 10
2x1072m? 2
= 3x10"m

1.5 Length Measuring Instruments

Metre Rule: Length is generally

measured using a metre rule in the laboratory.
The smallest division on a metre scale is 1 mm.

For Your Infarmation!

The negative exponents have
values less than ons, For
example, T =107 =001

Express the following into
soentific notation:

{a) 000534 m {(B)2574.32 kg
(©) 045 m  (d)D.004 kg

fe) 186000 s

For Your Information!

Addition and subtraction of
numbers is only’possible it they
have the same exponents. If they do
not have the 5ame exponents, make
them egual by the displacement of
the position of the decimal paint.

. For Your Informatbant

1/ Use of Si units r&c?ulm I
care, particularhy in writing prefixes,

#  EBach onit = represented ]
symbal not b{;n ahhmﬁ%n.
or axample, for 51 not 51, for
sacond s not sec, for ampers A
notamp, forgramg notgm.
. bols do not take plural form,
example, 10mN, 100N, 5kg,
BOis.
=  Full name of unit does rot begin
with capital letter. For example,
metre, sefond, newbon exoept
Celsius,
= Symbols appearin lower case, m
for metre, s for second,
exception is only Lfor litre.

symbols named after scientist's

name have initial letters capital,

Forexample, M for newton, K for

kelvinand Pa for pazcal

«  Prefixis written before and close
o S1 et Examiples: ms mm,
M, not s, mom, bl

« Urpits are written one space
apart. For example, Mm, Ns.

* Compound prefixes are not
allowed, Forexampls,

(i) 7 s shouid bewritien as 7 ps.

(i} 5 = 10" cm should be written as

Sac 107 mu

-




The smallest measurement that can be taken with a
metre rule s T mm. One millimetre is known as least
count of the metre rufe.

Least count is the smallest measurement that
can be taken accurately with an instrument.

To measure the length of an cbject, the metre
rule is placed in such a way that its zero coinddes
one edge of the object and then the reading in front
of the other edge is the length of the object. One
common source of error comes from the angle at
which an instrument is read, Metre ruler should
either be tioped on its edge or read when the

person's eye is directly above the ruler as shown in Eig. 1, 1 atp-umt B. If the metre

- "\I 1|
Y

Maasuring Tepa: It can
mgasure 1 mm to several
metres. s least count is
T mim. It s used T measure
lenger distances.

LS 18 ém
i coimack

Fig. 1.1

ruler is read from an angle, such as from point Aor C, the object will appear to be

of different length. This is known as parallax erfor.

Vernier Callipers

It is an instrument used ta measure small
lengths down to 1/10th of a millimetre. It can be used
to measure the thickness, didmeter, width or depth
of an object, The twa scalés on it are:

{al  Amain S{alg_'ﬁf_flit:h has marking of Tmm each.
B A ‘u"ernret_{_r_l_i,ding] scale of length 9 mm and it
iz divided into 10 equal parts.

Least count of @ Vernier Callipers is the
difference between one main scale division {M.5) and
one Vernier scale (V.5) division.

Hence, Least count = 1 M.5div— 1v.S div
=Tmm-09mm=0.1mm

Usually, the least count is found by dividing
the length of one small division on main scale by the

12

E:ﬁ!m:ﬁwl nﬂmr:nlr;
Parallax efror 45 due to
incorrect position of eye
when taking
measurements, ‘it cah be
woided by keeping eye
perpendicular 1o the scale
reading.

Do You Know?
Sorne spedific lengths in {m}
Focthall ground |91 = 107
Man 18 » 10°

Thickness of
book page 1.0 =10
Diarmeter of 5
pencil Tax 10 I

Do You Know?

Wernier Callipers was
inventad by a French
Scientist Plerre Vermier
in 1631,




total number of divisions on the Vernier scale which is again 1 mmy/10 = 0.1 mm.
The parts of the Vernier Callipers are shown in Fig. 1.2.

Insice
E ™D
o . 1—-L —_—
‘ : s, ST TR ORI T TR ' i -
I:tL_ﬁr”F ?-hl-|1I~T1f||i:111ﬁ|11ln.1Llf '|H||Ea:.\ =
: Tail
I'. ‘ Mains:_:_ale
\ , verier scale "
i 2
AT "B
Qutsice jaws Fig. 1.2

There are two Jaws A and B to measure external dimension of an object
whereas jaws C and D are used to measure internal dimension of an object. A
narrow strip that projects from behind the, m'aii} scale known as tail or depth
gauge is used to measure the depths of a hﬁ'llmﬂhject

Measurement Using Vernier Eﬁhurs
Suppose, an object is placed bﬂt‘IHE"Eﬂ the two

jaws, the position of the "l."El’I"IFE!"-EtEIIE on the main o ey
scaleis shownin Fig, 1.3, ]

1 Read the main scale harﬁng just infront of msinscale i“—r- &

zero of the Vernier scale, leshows 4.3 cm. wr;:;ﬂ
2 Find the Vernier scale marking or division
which is in line with any of the main scale marking.
This shows: -
Length EifﬂhjE:t = Main'scale reading + {Least I!|1-I|l T T TEgn ||=|!fr||1 (A
count x Vernier scale reading). ST TR oy
=43+001x4=434cm ml. e sl

3. Checking for zero error. Following are some
important points to keep in mind before checking oo
Zero error; : £

fa)  If on joining the jaws A and B, the zeros of the Luuu#hw
main scale and Vernier scale do not exactly coincide (8} Vernier scale

with each other then there iz an error in the Fig. 1.4
instrument called zero error.




()  If the zero of the Vemier scale is on the right side of the zero of the main

scale (Fig. 1.4-a) then this instrument will show slightly more than the actual

length. Hence, these zero errors are subtracted from the observed measurement,
To find the zero error, note the

number of the division of the Vernier * Handle all apparatus and chemicals

scale which is exactly in front of any
division of the main scale. Multiply this
number with the least count, The
resultant number is the zero error of this
instrument, The observed reading is
corrected by subtracting the zero error
fromit.

{©  Ifthe zero of the Vernier scaleis on
the left side of the zero of the main scale
(Fig. 1.4b), then instrument will show
shightly less than the actual length.

carefully and comectly. Always check the
labed on the container before using the
substance itcontains,

Do not taste any chemical unless
othenwise instructed by the teacher.

Do not eat, drink or play in the
laboratony.

D not tamper with tﬁwulnctnml mains
and other filt: ' the laboratory.
Mever work icity nearwater.
Den't place quimahit substance mear
naked Ha[]m

Wash: r' hands after all lahoratary
ka

Hence, the zero error is added in the M‘ -

observed measurement, For example, if 3 g teacher should facilitate to pesform this
is the number of divisions mlncldlngwfﬂ‘r activily by making groups. Each group

should place ten coins one abowve the other.
any main scale division then 3.is Redord thelr tatsl helght nainiga marami
subtracted from 10 and the resuit is then Divide by 10

multiplied with the least count, Whatisthe thickness of ane coin?

Therefore, the zero error inthis case will mﬁfiﬁlﬁ;g"d‘m of ona coin using
be 0.7 mm. For correction, it is added in what is the resuit?

the observed na:adlng Each group should commeant on the

Hiﬂ'ﬂl‘l’lﬂtﬂf % an. measuremant using thiebwo instruments.

it is usedto measure very smazll lengths such as diameter of a wire cr
thickness of a metal sheet, It hastwo scales:

(a) Themain scale onthe sleeve which has markings of 0.5 mmeach,

(b} The circular scale en the thimble which has 50 divisions. Some
instruments may have main scale marking of 1 mm and 120 divisions on
the thimble.

When the thimble makes one complete turn, the spindle moves 0.5 mm

(1 scale division) onthe main scale which is called pitch of the screw gauge. Thus,

its least count is:

i Pitch of the screw gauge 0.5 mm

No. of divisions on the circular scale ~ 50
The parts of the screw gauge are shown in Fig. 1.5,
14

= 007 mm




The object that is 1o be measurad |s placed
betwean the anvil and the spindie.
“"'{"“ spnle 58 Thethimble iswrned | | instrument |  Range Lt
. to move the spindle.
= Measuring rem
Y- e 1 mm
g 1 mm
bdetre nuke to 1 i
1
Vernier 29 mm -
[ia) ST iFL]
Callipers
The ratchet prevents over tightening by - u:';':m
making 2 click sound when the micrometer is Mscriinative mm

feibcly to be read. (Screwgauge| R (007 ™My

Elg. 1.5

Checking for Zero Error

If the zero of the circular scale coincides wnth I'runznnta{
line, there is no zero error {Fig. 1.6-a),

If it is not -exan:tly in front of the horizontal line of the
miain scale on joining the anvil and spindle then there is a zero
error in the screw gauge (Fig. 1.6-b). If zero ofthe circular scale
is below the horizonta! line then it will measure slightly more
than the actual thickness and hente, zero error will be
subtracted from the observed measurement.

If the zero of the c‘ir::ulﬂr scale is above the horizontal
line (Fig. 1.6-c), then it wilk sﬂuw slightly less than the actual
thickness and hence, the zero error will be added to the
observed measurement,

Mmm@ﬂm Screw Gauge

Suppose when a steel sheet is placed
in between the anvil and spindle, the — n
position of circular scale is shown in Fig.1.7. |-':|:'.| g 1.
(a) Read the marking on the sieeve just 20
before the thimble. tshows65mm. | — |
() Read the circular scale marking ."f- HAg. 1.7
which is Inline with the main scale. This shows 25. Hence,
Thickness = mainscale reading + {circular scale reading = L.C)
=85 mm+ 25 = 0,07 mm
=5 mm+ 0.25 mm =675 mm




Activity 1.3 For Your information!.
The teacher should facilitate the activity by making groupsand  The most precise balance is
ask them to find the thickness of 100 sheets of atextbook using 1 digital electronic
3 micrometre screw gauge. Dividing this thickness by 100, patanes 1t can measure
estimate the thickness of one sheet. mass of the arder of 0. Trng

Activity 1.4

“The teacher should heip sach group to make a paper scale having least count 3.2 cm and 0.5 om,

1.6 Mass Measuring Instruments
Physical Balance

There are many kinds of balances used
for measuring mass of an object, In our daily
life, we use the term weight instead of mass, In
Physics, they have different meanings. Mass is
the measure of quantity of matter in a body
whereas the weight s the force by which the
body is attracted towards the Earth, Weight |
can be measured using spring baldnce
(Fig. 1.8). The mass of an object is found by
comparing it with known standard masses.
This process is called weighing. In laboratories,
we use physical balance shewn in Fig. 1.9
which is based on the princigle of levers. The

pmcessnfmemmemeqtisggiven below: ‘@ Eé’ -
1. Level base of the balance using levelling s T e
screws until the'plumb ling is exactly above
the pointed rark Fig. 1.9

2. Turn the knob so that the pans of the balance are raised up. Is the beam

horizontal and pointer st the centre of the scale? If not, turm the balancing

screws on the beam so that it becomes horizontal.

Place the object to be weighed on the left pan,

Place the known weight from the weight box in the right pan using forceps.

. Adjust the weight so that pointer remains on zero or oscillates equally on
both sides of the zero of the scale.

6. The total of standard masses (weights) is a measure of the mass of the chject

inthe left pan.

v w

16




1.7 Time Measuring Instruments

Stopwaitch

The duration of time of an event s measured
by a stopwatch as shown in Fig. 1.10. It contains two
neadlas, one for seconds and other for minutes, The
dial is divided usually into 30 big divisions each being
further divided into 10 small divisions. Each small
division represents one tenth (1/10) of a second. Thus,
one tenth of a second is the least count of this

:117' 1

Flg .11 Eliuh-..l Staspmatel

stopwatch. While using, a knob present on the top of the device is-pressed. This
results in the starting of the watch. The same knob is again pushed’tu stop it After
noting the reading, the same knob is again pressed to bring Back the needles to
the zero position. Now-a-days, electronic/digital watches (Fig. 1.11) are also

available which can measure one hundredth part of a"i;ea:and

Activity 1.5 Model of a sandclock
The teacher should arange the required articles aﬁi:l he'l|:il students to make a
mdel of 2 sandclock 25 shotwn in the figure, I.ng tw:l glass funnels, adhesie
tape, e lidds, and drysand, Qbserve hmrmn:lg_ﬂme‘:tt:hmhrthnsmdtu Flaw
down once completely. Make a pape;ialeﬁ'ﬂmﬂllsa'bdpimmmeghﬁs

funrial h ——
nneis along straight side. i = L
1.8 Volume Measuring !nstrum:-nts
Measuring Cylinder,“ —F
it is a cylinder made of glass or transparent plastic a0
with a scale divided in cubic centimetres (cm® or cc) or = —
3= i

millilitres {ml) marl&nij on it. It is used 1o find the volume
of liquids and Hon-dissolvable solids.

The level of liquids in the cylinder is marked to find
the volume. In order to read the volume correctly, the
cylinder must be placed on a horizontal surface and the
eye shall be kept in level with meniscus of water surface
as shown in Fig. 1.12. The meniscus Is the top level of the | .4

-

Ty
liguid surface. Waterin the oylinder curves downward and Fig, 1.12
its surface is called concave surface; The reading is taken Mrasuring cylinder

corresponding to the bottom edge of the surface, The mercury in the cylinder
curves upward. Its surface is convex and the reading is taken comesponding to
the top edge. The cylinder can be used to find the volume of solids.

17




1.9 Errors in Measurements

Measurements using tools and instrurments are
never perfect. They inherit some errors and differ from
their true values, The best we shall do is to ensure that the

Activity 1.6
The: teachar should facilitate the groups to perform this activity  reading, keep your eye in

foliowing the given instructions,

1. Take aBquid in which the giver solid

2.
3
4,

5

coes mot dissohne,

Note the initial position of liquid |

surfars.

Put the solid In the cylinder

containing lhguid,

Hole again the posithon of liguid

surface in the cyfinder which rises due to sofid.
Thedifference of lhet\mru:ﬁngmlhw:ﬂurm of the solid.

Caution: While tzking a

front and in bne with the

lower meniscus of the
1 wrater,

Do You Know?
Ancient Chinese usad o

estimate the volume of

Displacement Can Method

If the body does not fit into the measuring cylinder, ﬂ'len an overflow can
or displacement can of wide opening is used as shown.in Fig. 1.13. Place the
displacement can on the horizontal table. Pour watér in it until it starts
everflowing through its opening. Now tie a piece of thread to the solid body and

lower it gently into the displacement can. The
body displaces water which overflows through the

side opening. The water arliquid is collected in a
beaker and its volume is measured by the

grains. by sounding their
cantaining vessels;

= = =

Beaker”

_ Bl Bady
Fig. 1.13 Displecement can or Overflow can

Do You Know?

Despite the use of 51 in most
countries, the old measure is
still in use, such as primters type
is rmeasured in point. One point

measuring cylinder. This is equal to the volume of i 172 of an inch equivalent to

solid body.
Activity 1.7

The teacher d‘muld tacilitate the groups o take a
metallic ball or & pendulum bob. Measure its dismeter
ard thenvolurme by placing it in between twe wooden

035 .

blocks slongside a ruler. Then use measuring oylinder 0 . 0 7
and comment an the result of this two onset activities.

For Your Information]
The symbol of the
brase units are
universal independent
of the language used

errors are as small as reasonably possible. A scientific 5 e written test.
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measurement should indicate the estimated error in the measured values.
Usually, there are three types of experimental errors affecting the
measurements.

{i) Human Errors (i} Systematic Errors (iii) Random Errors

(i} Human Errors

They occur due to personal performance. The limitation of the human
perception such as the inability to perfectly estimate the position of the pointer
ona scale. Personal errors can also arise due te faulty procedure to read the scale.
The correct measurement needs to line up your eye right in front of the level. In
timing experiments, the reaction time of an individual to start or stop clock also
affects the measured value. Human error can be reduced by ensuring proper
training, techniques and procedure to handle the instruments and avoiding
environmental distraction or disturbance for proper focusing. The best way is to
use automated or digital instruments to reduce the impactofhuman errors.

(ii) Systematic Errors

They refer to an effect that influences all measurements of particular
measurements equally. [t produces a consistence difference in reading. it occurs
due to some definite rule, It may occur due to zero error of instrurment, poor
calibration of instrument or incorrect marking. The effect of this kind of error can
be reduced by comparing the instrument with another which Is known to be
more accurate, Thus, a correction factor can be applied.

(i) Random Errors

it is said to accur when repeated  Quick Quiz |
measurements of a quantity give different values
under the same.canditions. It is due to some ﬁmﬂ?ﬂ'mmemtt
unknown cauminhi:h are Unpredictable. T Vor sy Rl i

The experimenter have a little or no control a bit while reading the
over it. Random error arise due to sudden menisous,
fluctuation or variation in the environmental 2 Air current may cause
conditions. For example, changes in temperature, the balance ta fluctuate.
pressure, humidity, voitage, etc. The effect of 3. The balance may not be
random errcrs can be reduced using several or properly calibrated.
multiple readings and then taking their average or 4 Some of the liquid may
mean value, Similarly, for the measuring time period have evaporated while it
of oscillating pendulum, the time of several s being medsured.
oscillations, say 30 oscillations is noted and then
mean or average value of one oscillation is
determined.
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1.10 Uncertainty in a Measurement

There is no such thing as a perfect measurement. Whenever a physical
guantity is measured except counting, there is inevitably some uncertainly about

its determined value due to some instrument. _L Uncertainty in Digital J_

This uncertainty may be due to use of & number Raiiriaeti

of reasons. One reason is the type of instrument Some mogern measuring
being used. We know that every measuring | jnerruments have a digital seala.
instrument is calibrated to a certain smallest | we ycuaily estimate one digit
division and this fact puts a limit to the degree | payond what is certain. With
of accuracy which can be achieved while | gigital scale, this is reflected in
measuring with it. Suppose that we want 1o |  fuctuation of the last digit.
measure the length of a straight line with the '———
help of a metre rule calibrated in millimetres. Let the end pointiof the line lies
hetween 10.3 em and 10.4 cm marks. By convention, if the-end of the line does
not touch or cross the midpoint of the smallest division, the reading is confined
to the previous division. in case the end of the line seemsto be touching or have
crossed the midpoint, the reading is extended to the next division. Thus, in this
example, the maximum uncertainty is + 0.05.em. It is, infact, equivalent to an
uncertainty of 0.1 cm equal to the least cuunt’nfﬂﬁ instrument divided into two
parts, half above and half below the recorded reading.

The uncertainty in small length such as diameter of a wire and short
interval of ime ¢an be reduced further by taking multiple readings and then
finding average value. For example, the average time of one oscillation of a
simple pendulum is usually foundby measuring the time for thirty oscillations.

The uncertainty or accuracy in the value of a measured guantity can be
indicated conveniently by using significant figures.

1.11 Significant Figures

We can ccunt the number of candies in a jar and know it exactly by
counting but we cannot measure the height of the jar exactly. All measurements
|ncludeuncertal,nﬁas depending upon the refinement of the instrument which is
used for measurement.

It is important to reflect the degree of uncertainty in a measurement by
recording the observation in significant figures,

The significant figures or digits are the digitsof a W' ==
measurement which are reliably known, AL R E T H"?
Figure 1.14 shows a rod whose length is

measurad with a ruler. The measurement shows the _

length in between 4.6 cm and 4.7 cm. Since the length Fig. 1.14

of the rod is slightly more than 4.6 cm but less than 4.7 ¢m, so the first student

estimates it to be 4.6 cm whereas the second student takes it as 4.7 cm, The first
student thinks that the edge is nearer to & mm mark whereas the

20
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second student considers the edge of the rod nearer to 7 mm mark. It is difficult
to decide what is the true length.

Both students agree on digit 4
but the next digit is doubtful which has
been determined by estimation only

Quick Quiz

Mame some repetitive processes
oeeuring In nature which could serve as
reasonabletimestandard,

and has a probability of error. Therefore, it is known as-a doubtful digit. In any
measurement, the accurately known digits and the first doubtful digit are

kriown-assignificant figures.

zeros may or may not be significant. In case of zeros, the following rules apply:

The following points are to be kept in mind while determining the number
of significant figures in any data. All digits from 1 to 9 are significant However,

(a) A zero between two digits is considered significant. For examplein 5.06m, the
number of significant figures iz 3.
{b) Zeros on the left side of the measured value are not sqgnlﬁ-:’ant. For example,
in{(.0024 m, the number of significant figuresis 2.
(c) Zeras on the right side of a decimal are considered ﬂgmfu:ant. For example, in
240 mm the significant digits are 3.
(d) if numbers are recorded in scientific notation; then all the digits before the
exponent are significant. For example, in 3.50 x 10°m, the significant figures

1

are 3,

(o) 1257 (€)0.125 m

.12 Precision and Accuracy

Heow rrany significant figures are Ehiﬂh af the fallowing?

{8125 100 m {d} 0.000125km

A physical measurements should be precise as well as accurate. These are
two separate conceptsiand need clear distinction. Generally, precision of a
measurement refers tohlow close together a group of measurements actually are
to each other, Accuragy of a measurement refers how close the measured value is
to some accepted or true value,

(=)

Frecise mot accyurate

A classicillustration is helpful to distinguish the two concepts. Consider a
target or buliseye hit by arrows in Fig. 1.15. To be precise, arrows must hit near
each other (Fig.1.15-a) andto be accurate, arrows must hit near the bullseye

Accurate not predise
Fig. 1.15

{c)

4

Acourate and precise




(Fig. 1.15-b). Consistertly hitting near the centre of bullseye indicates both
precision and accurscy (Fig. 1.15-c). When these concepts are applied o
measurements, the precision is determined by the instrument being used for
measurement. The smaller the least count, the more precise is the measurement.
A measurement [s accurate if it correctly reflects the size of the object being
measured, Accuracy depends on fractional uncertainty in the measurament.
Infact, it is relative measurerment which is important. The smaller the size of
physical quantity, the more precise instrument is needed to be used. The
accuracy of measurement is reflected by the number of significant figures, the
Iargeris the number of significant figures, the higher is the accuracy.

| O — Tabie 1.7 Snma 'ﬂmmg Dmn:ﬂ
Type of -I:Indtfwatdi Use and accuracy
Atomic clock Measures very short time intervals :-Fal:uwt 'iﬂ’" seconds.
Digital stopwatch Measures short time intenvals [ ﬁmmetes and seconds)
t0 an accuracy to +0.01 s. -
Analogue stopwatch | Measures short time interials'iin minutes and seconds)
1o an acouracy 1o £0.1-5.

Ticker-tape timer Measures shert time intervals of 0.02 5.

Watch/Clock Measures longer time intervals in hours, minutes and
seconds.

Pendulum clock Measures Janger ime intervals in hours; minutes and
SECD

Radicactive decay clock | Measores (in years) the age of remains from thousands
of years ago.

1.13 Rounding cff the Digits

When rounding off numbers to a certain number of significant figures, do
s0 to the nearest value If the last digit is more than 5, the retained digit is
increased byone and if it is less than 5, it is retained as such.

For example:

(i) Round offto 2significantfigures: 2.512 = 10° m.

Answer: 2.5 10° m

{ii} Round off to 3 significant figures: 3.4567 = 10%kg.

Answer: 3.46x 10%kg

For the integer 5, there is an arbitrary rule:

If the number before the 5 is odd, one is added to the last digit retained.
If the number before the 5 is even, it remains the same:
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Forexample: Do You Know?
(i} Round off to 2 significant figures: .45 % 10" m.

(i) Round offto 2 significant figures: 4,55 = 107 m.

Answer: 44 x 10" m

Answer: 46 x 10" m

Sometimes, logic is applied to decide the fate

of a digit. If we round offto 2 significant figures

" An Electronic timer
4,452 » 10° m, the answer should be 4.5 » 10° m since can measure time
4452 » 1¢° m is more closer to 45 x 10° m than | (nlenalsasshortas
4.4 % 10°m. {1710,000) of a second.

KEY POINTS N

. Aphysicalqu-anﬁtj.rcarlbemeasured:irecthrurirﬁirecthrusingmﬂiéiiﬁiu'Hmems

»  Mon-physical guantity is not measurabbe using an instrument; Il:mniatatweiy depends
onthe perception of the abserver and sstimated onfy, , 'y

*  Baspguantities are langth, mass, time, temperature, elm:uh‘_‘iiurrent. BicC,

«  Dwrived quantities are all those guantities which can be defined with refererce to
base quantities. For example, speed, area, volume, etc,

= Standard wnit does not vary from pam:rq 3 person and understood By all the
sCientists,

» Base units of system international af‘ﬂ. metm, kilogram, second, ampere, candela,
kelvin and mole,

.J ;,
= Theunitswhich can be w&wﬂgfﬁ terms of base urits are called derved units.

- Sdentific notation is an intérmationally accepted way of writing numbers in which
numbers are recorded using the powers of ten or prefixes and there is only cne
non-zero digit befora the decimal

= Leastcountis the least measurement recorded by an instrument.
. ‘u‘!rhi&rf.p_l-ﬂpﬁgﬁi'san instrumentwhich can measure langth correct up to 0.1 mm.
* Su‘magﬁgﬁTsmlmﬂummtwhich canmeasure lengthcorectupto 0.01 mm.

= Measurements using instruments are not perfect. There are inevitable emrors in the
reasured values, may be due to hurman errors, systematic ernors and randorm errors,

*  Measurements using instruments errors are uncertain to some extent depending
upon the limitations or refinement of the instrument.

= Significant figures are the sccurately known digits and first doubtful digit in any
reasurement.

» The precision is deteméned by the nstrument being used for measurement whereas
the accuragy depends on relative measurement reflected by the number of significant
figures.




EXERCISE

Multiple Cholice Questions
Tick {+') the correct answer.
1.1.  The instrument that is most suitable for measuring the thickness of a few
sheets of cardboard isa:

{a) metre rule (b} measuring tape
{c) Vernier Callipers (d) micrometer screw gauge
1.2. Oneferntometre s equal to:
& 107m (B3 107" m
{10 m (dj 10" m
1.3. Alightyearis aunitof:
(a) light (b} time
(€} distance (d) speed
14, Which oneisa non-physical quantity?
(a) distance (b} density
c) colour {d) tempetature
1.5. When using ameasuring cylinder, one precaution to take is to;
{a) check for the zero error

(b} loak at the meniscus from below thu]emel of the water surface
(c) take several readings by looking from maore thanone direction
{d) position the eye in line with the battom of the meniscus

1.6. Volume ofwater consumed by youper day is estimated i

(a) millilitre " (b) litre

() kilogram ™ {d) cubic metre
1.7. Adisplacement canisusedto measure;

{a) massofaliquid < (b) mass of a solid

{c) velume of a liquid, fd} volume of a solid

1.8. Two rods with lengths 12.321 cm and 10.3 cm are placed side by side, the
difference imtheir lengths is:
(a)2.02con , (B)20cm fcy2em (d) 2021 cm

1.9. Four students measure the diameter of a cylinder with Vernier Callipers,
Which of the fol lowing readings is correct?

(@)34em  (b)3475em (€)34Tem  (d)3.5cm
1.10. Which of the following measures are likely to represent the thickness of a
sheet of this book?
()6« 10% m (B)1=10* m
©12x10" m ()4 %107 m

1.11. InaVernier Callipers ten smallest divisions of the Vernier scale are equal to
nine smallest divisions of the main scale. If the smallest division of the
main scale is half millimetre, the Vemnier constant is equal to:

(@ 0.5 mm 3T mm
{cy0.05 mm 2 {d) G.007 mm




BE Short Answer Questions

11.
1.2
1.3
1.4.
1.5
1.6.
1.7.

1.8.

1.9.

1.10.

1.11.

1.1,

Can anon-physical quantity be measured? fyes, then how?
What is measurement? Name its two parts.

Why dowe need a standard unit for measurements?

Write the name of 3 base quantities and 3 derived guantities.
Which 51 unit will you use to express the height of your desk?
Write the name and symbols of all 51 base units.

Why prefix is used? Name three sub-multiple and three multiple prefixes
with their symbols.

Whatis meant by:

{a] S5pm

£} 15ns

() 6 um

(dy 5fs

{a) For what purpose, a Viernier Callipers is ~
used?

{b) Name its two main parts. :

{c) How is least count found? £

."-'

(d) What is meant by zero ermor? *.

State least count and Verh jer scale _
reading as shown Tntheflguﬁe and hence, K £
find the length. / v ]
Which reading out ﬂf’.ﬁ, B and C shows the .
correct length a rjngmg.rhy? [

Inwhatunitwill you express each of the following?
(a) Thickness of a five-rupee coin;

{b) Length of a book:

{c) Length of football field:

{d) The distance between two cities:

(e} Mass of five-rupee coin:

{f) Mass of your school bag:

{g) Duration of your class period:

(h) Volume of petrol filled in the tank of a car:

{i) Time to boil one litre milk:
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1.2.  Why might astandard system of measurement be helptul to a tailor?

1.3, The minimum main scale reading of a micrometer

screw gaugeis T mm and there are 100 divisions on the @_
circularscale. When thimble is rotated once, 1 mm is its
measurement on the main scale. What is the least
count of the instrument? The reading for thickness of a steel rod as shown
in the figure. What is the thickness of the rod?

14, You are provided a metre scale and a bundle of pencils; how can the
diameter of a pencil be measured using the metre scale with the same
precision as that of Vernier Callipers? Describe briefly.

1.5, The end of ametre scale is worn out. Where will yﬁu plma pencil to find
the length? :

1.8, Whyisit betterto place the object close to the mruh'e scale‘-"
1.7. Whyastandard unitis needed tﬂmammaqmntrty cormectly?

1.8, Suggest some natural phenomena. tha’t tould serve as a reasonably
accurate time standard,

1.8. Iitisdifficult to locate the meniscisina wider vessel. Why?
1.10. Whichinstrument can be used to measure:
(i) internal diameter of atesttube (i) depth of a beaker?

1.1. What is meant by base and derived quantities? Give the names and
symbols of Shbase units.

1.2, Give three examples of derived unit in SI. How are they derived from base
units? Describe briefly.

1.3. Steste the similarities and differences between Vernier Callipers and
micrometer screw gauge.

1.4. |dentity and explain the reasons for human emors, random errors and
systematic ermars in experiments.

1.5. Differentiate between precision and accuracy of a measurement with
examples.




1.1 Calculate the number of seconds in a (a) day (b) week {c) month and state
your answers using 5l prefixes. (86.4 ks, 604.8 ks, 2.592 Ms)

1.2  Statethe answersof problem 1.1 in scientific notation.
[8.64 = 10* 5, B.0MB = 10% 5, 2.592 = 10° 5]

1.3 Solve the following addition or subtraction. State your answers in
scientific notation.

(a) 4x10" kg+3x 107 kg by Sd4x10°* m-32%10° m
[(a) 43x10" kg (b) -266x107m]

1.4  Solve the following multiplication or division. State your answers in
ientific notation.
scientific notation 6« 10°°kg

5 x 10" Ix10* b e
(@ (5x10" myx{3x m} {b) 3 0%

(B} 15X 10 m?  (b) 2.0% 10° kg m™

1.5 Calculate the following and state your answer in scientific notation,
(3 % 10° kg) = (4.0 km)

Ex10% s

W (24 = 10° kg ms™®)
1.6  Statethe numberofsignificant digits ineach measurement,
(3)0.0045m (B)2047m  (}340m  (d)3.420x10°m
_— " [fa}2 (k)4 (@3 (d)4]
1.7 Writeinscientificnotation:
() 0.0035 M (b) 2064 % 10°m
[ta) 3.5 x 107°% m, (b) 2064 = 10° m]]
1.8  Writeusing correct prefixes:
(@) 5.0x10%m (b)580x10* g (c)45x10%s [(0.5 km, 58 kg, 4.5 ms)]

1.8  Light year is a unit of distance used in Astronomy. It is the distance
covered by light in one year. Taking the speed of light as 3.0 x 10 m 5™,
calculate the distance.

(9.46 % 10" m)
1.10 Expressthe density of mercury givenas13.6gem™inkg m™.
(1.36 = 10" kg m™)
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*  Differemiate between scalar and vector quantities:

& scalar has magnitude (size) only and that a vector quantity has magnitade and direction.

Students should be able to represent vectors graphically]

Justify that distance, speed, bme, mass, energy, and temperature are scalar gLantities.

Justify that displacement; force, weight, velocity, acoeleration are vector quantities.

Datermine graphically, the resultant of twio or more vecors.

Differentiate between different types of motion [Le; transiatory. {linear, mﬁﬂm,and circulark

rotatory and vibratory motions and distinguish among them,| L j. :

* Differentiate between distance and displacement, speed and velocity, |

»  Define and calcuiate average speed [average speed = (total dﬂﬂl travelled)/ (total fime
taken(]

= Differentiate between average and instantaneous speed [:pep&ﬁimwnbyspeedmwfa
viashicle is the speed at ary mstant.}

" Diferendiate between unifom welocityand mon -wm yal::rclljr

= Define and caloulate acceleration [Indudes deriving thadnits of acceleration as ms™ from the
formuls g = Av /At and using the farmula to salve prablems. This also includes knowing that
that decelerationis negative acceleration and using fact in caleulations ]

* Differentiate between unifarm acealeration and non -uniform acceleration

o« Sketch, platand interpret distarce 6 8 speed-time graphs
[This incudes determining from thq-s.hap’n of & distance -time graph when an ohject is:
&) ot rest, (b] moving with eonstant speed, (¢} accelerating, (d) decelerating. Students are
alsa mqmmdtuhmhmtm&ﬂm speed from the gradient of a distance - tme graph. It
alsa includes determining f ﬁﬁmﬂ'lla shape of aspeed -time graphwhen an objectis:
(@} atrest, (b} moving Wmmants’pead {C} moving with constant acceleration ]

* Use the approximate value of g as 10m/s” for
froe fail mlu:{m& near Earth to solve NEREEEE
problems .\ )t

+  Analyse thedistance travelled in speed vs time &8
graphs [By dﬂeeﬂmmg the srea under the
graph for cases of motion with constant speed
oreonstantacceleration)

»  Cakulste acceleration from the gradient of a
spead-time graph

= State that there is a universal speed limit for
any object in the universe that is approeimately
T 10 me
[Students should just be aware that this phenomensn is true; they do not need 1o study
relativity in any depth. The purpose Is that students appreciate that there |s a universal speed
Wmift].




Mechanics is the branch of physics that deals with the mation of ohjects
and the forces that change it
Generally, mechanics is divided into two branches:

1. Kinematics 2. Dynamics

Kinematics is the study of motion of objects without referring to forces.
On the other hand, dynamics deals with forces and their effect on the motion of
objects.

e In our everyday life, we observe many objects in motion. For example,
cars, buses, bicycles, motorcycles moving on the roads, aeroplanes flying
through air, water flowing in canals or some object falling from the table to the
ground.

The motion of these objects can be studied with or without r.:nr‘rsld#r‘f rng the force
which causes motion in them or changesit.

2.1 Scalars and Vectors

Before we study kinematics in detail, we should know about the nature of
various physical guantites. Some qunnﬂ‘hes are ::aﬂ&d scalars and the others
vectors.

Ascalar is that physical quantity which can be
described completely by its magnitude only.

Magnitude includes a number and an appropriate unit. When we ask a
shopkeeper to give us 5 kiluﬂgi"_arm of sugar, he can fully understand how much
quantity we want It is the fnagnitude of mass of sugar. Mass is a scalar quantity.
Some other examples of scalar quantities are distance, length, time, speed,
energy and temperature. Scalar quantities can be added up like numbers.

Forexample;  5metres + 3 metres = 8 metres.

On the otherhard,

A vector is that physical quantity which needs
magnitude as well as direction to describe it completely,

The examples of vector guantities are displacement, velocity,
acceleration, weight, force, etc. The velocity of a car moving at 90 kilometre per
hour {25 m s} towards north can be represented by a vector, Velocity is a vector
quantity because it has magnitude 25 m s’ and direction (towards north).
Vectors cannot be added like scalars, There are specific methods to add up
vectors. These methods take their directions also into consideration.




Representation of vectors

in the textbooks, symbol used for a vector is a bold face letter such as &, v,
F and d etc. Since we cannot write in bold face scnpt (aly papnr 50 8 vector is
written as the letter with a small arrow over it, Le. 1 v, F, T The magnitude of a
vector is given by italic letter without arrow head. A vector can be represented
graphically by drawing a straight line with an arrow head at one end. The length
of line represents the magnitude of the vector quantity according to a suitable
scale while the direction of arrow indicates the direction of the vector.
To represant the direction, two mutually perpendicular M
lines are reguired. We can draw one line to represent
east-west direction and the other line to represent
north-south direction as shown in Fig2.1(a). The,,
direction of a vector can be given with respect to these
lines. Mostly, we use any two lines which are..
perpendicular to each other. Horizontal line (x x] 187
called »-axis and vertical line (y ¥) is called ¥ axis s vectar v making an angle 8
{Fig. 2.1-k). The point where these axes mestisknown towards north from esst

as origin. The originis usually denoted byE} These axes Fig 2.1 (&)
are also called reference axes. 1 r
A vector is drawn starting fram the origin of
the reference axes towards the given direction. The i o o,
direction is usually given by an angle 8 (theta) with
x-axis. The angle with x-axis.is always measured from ;
the right side of x-axis iq-j:h?anti-dndmﬁsedimcﬁm. A vector B mﬂh:'rng angle 30°
Example 2.1  with xads
5>, : BN o Your informationi |
Draw the velocityvectorv; avelocity of 300 ms " geographical direction, the
at an angle of 60" tothe east of narth, reference line is north — south
Solution whereas for Cartesian coordinate

. . system svex-axisis therefarence,
(i) Draw two mutually perpendicular lines

indicating N, S, E & W. N wh

(i) Select asuitable scale. IfF100ms" =17¢cm, s
then 300 m s are represented by 3 cm fine.

(iii) Draw 3 cm line OP at an Angle of &0° W L ¥
starting from N towards E.

(iv) Make an arrow head at the end of line OP.
The OP is the vectorv. S Fig. 2.2




Example 2.2

Draw a force vector F having magnitude of 350 N and acting at an angle of 60°
with x-axis.

Solution

i) Draw horizontal and vertical lines to represent
¥-axis and y-axis as shown in Fig. 2.3.
i) Scale: 100N =1 cm, then

350N =35cm X 5 il %
(i}  Draw3.5¢m line OQat an angle of 60° with x-axis. 2
ivi Makean arrow head at the end of the line OQ, The ¥
0Qis the vectorF.
Fig. 2.3
Resultant Vector

We can add two or more vectors to get a lérngle vactor. This is called as
resultant vector. it has the same effect as the combined effect of all the vectors to
be added. We have to determine both magnitude and direction of the resultant

vector, therefore, it is quite different from that of scalar addition. One method of
addition of vectors is the graphical method.

Addition of Vectors by Graphical Method

Let us add two vectors v, and v, having
magnitudes of 300 N and 400 N acting at angles 43
of 30° and 60° with x-axis, By selecting a suitable
scale 100 N = 1om, we can draw the vectors as
shownin Fig. 24{8). i I

To add these vectors, we apply a rule
called head-to-tail rule, which states that:

1} Fig. 2.4 (a)
To add a number of vectors, redraw their representative |ines
such that the head of cne line coincides with the tail of the other,

The resultant vector is given by a single vector which is directed
from the tail of the first vector to the head of the last vector.




Measured length of resultant vector is 6.8 cm
(Fig.2.4-b). According to selected scale,
magnitude of the resultant vector v is 680 N and
direction is angle 49° with x-axis.

We can find the resultant vector of more than
two vectors by adding them with the same way
applying head-to-tail rule. X

2.2 Rest and Motion ! Fig. 2.4 (b)

When we look around us, we see many things like buildings, trees, electric
poles, etc. whichdo notchange their positions. We say that theyare in astate of

If & body does not'change its position with
respect to its sureoundings, it is said to be at rest.
Suppose a motorcyclistis standing on the road (Fig. 2.5-a). An observer
sees that heisnot changi_i‘uﬁ-ﬁlis position with respect to his surrcundingsie, a
nearby building, tree or g pole. He will say that the motorcyclist is at rest.
MNow let us see what does motion mean? When the motorcydist is driving
(Fig. 2.5-b), the ﬁﬁsmrer will notice that he is continuously changing his poasition
with respe:ctlﬂ tHe surroundings. Then the observer will say that the mnturcyclm
isin motion.
if a body continuously changes its position with
respect to its surroundings, itis said to be in motion,

The state of rest or motion of a body is always
relative. For example, a person standing in the |
compartment of a moving train is at rest with Fig. 2.5 {b)

respect 1o the other passengers in the compartment but he is in motion with
respect to an observer standing on the platform of a railway station.

32
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2.3 Types of Motion

We observe different types of motion in our daily life. A train moves almost
along a straight ling, the blades of a fan rotate about an axls, a swing vibrates
about its mean position. Generally, there are three types of motion of bodies.

1. Translatory motion 2. Rotatory motion 3.Vibratory motion
1. Translatory Motion ' '

If the motion of a body is such that every

particle of the body moves unifarmly in
the same direction, it is called tanslatory
maotion. For example, the motion of a
train or a car is tanslatory motion {Fig.2.6).

Translatory motion can be of three types: Fig. 2.6 The mation pfa train ls transiatory mation

(il Linear Motion
If the body moves along a straight line, it is
called linear motion. A freely falling bﬂdy 1‘5
the example of linear motion.

(ii} Random Motion o} Irregulor path {ﬂmnnﬂunﬂfﬁﬂ
If the body moves along an | u{ar pa-th Fig- 2.7 is rendam motion
(Fig. 2.7}, the motion fsc:slledmrﬁn .

{iii} Circular Motion
The motion of a body ang a circle is called circular
mation. If a ball tied to.ohe end of a string Is whired, it
moves along a circle, A Ferms wheel Is also an example of
circular motion (Fig.2.8).

2. Rotatory Motion

If each paint.of 4 body moves around a fixed point {axis),
the motion of this body is called rotatory motion. For
example, the motion of an electric fan and the drum of a
washing machine dryer is rotatory motion (Fig.2.9). The
motion of a top is also rotatory motion.

3. Vibratory Motion
When a body repeats its to and fro motion about a fixed

position, the motion is called vibratory motion. The motion
of a swing ina children park is vibratory motion (Fig. 2.10).

53 Fg, 2%  VEsatory motion
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2.4 Distance and Displacement

We know that motion is the action of an object going from one place to
another or change of position. The length between the original and final
positions may be measured intwo ways as either distance or displacement.

The distance is the length of actual path of the motion.

Let a person be travelling from Lahore to Multan in a car. On reaching
Multan, he reads the speedometeér and notices that he has travelled a distance of
320 km. Itis the distance travelled by that person. Obviously, it is not the shortest
distance from Lahore to Multan, as the car took many turns in the way. He did not
travel along a straightline.

The displacement of an object s a vectar quantity whose mg‘gmmd& is
the shortest distance between the initial and final pusm-:mmf the mation
and its direction is from the initial positicn tﬂ_;ﬂ\ﬁ final position.

We can also call this as the change in position,
Note that d:splacement is 8 vector gquantity
whereas distance is a scalar quantity. Fuﬂm'.ﬁr'rg
example will explain the dlﬂerence bﬂva'een
distance and displacement.

Suppose a car travels from a position A to B. The curved Ime is tf'le actual path
followed by the car (Fig. 2.11). The total distance covered by the car will be equal
to the length of the curved line/AB. The displacement d is the straight line AB
directed from A to B as indicated by the arrow head. The 51 unit for the
displacement is the same as that of distance.

The car while moving
an a circular road
mdy have constant
speed, but its welocity
iz changing at every
instant, Why?

2.5 Speed and "ufelrncrty
: x,?‘

We are often interssted to
know how fast a body is moving, For
this purpose, we have to find the
distance covered in unit time which
is known as speed. If a body covers a
distance 5 in time 1, its speed vwill be
written as:

~ Time t

S s i (2.7

The fastest land
mammal {chestah])
and the fastest fish
(sailfish} have the
same highest
recorded speed of
TI0kmh™.




The speed is a scalar quantity. The Slunit of speed ism s orkmh™.

It is obvious that speed of a vehicle does not remain constant throughout the
journey, fthe reading of the speedometer of the vehicle is observed, it is always
changing. The speed of a vehicle that is shown by its speedometer at any instant
is called instantaneous speed, Practically we make use of the average speed. It

is defined as:
_ _Total distance covered S 13
NG spmd Total time taken i W=
Example 2.3

Aneagle dives to the ground along a 300 m path with an NerRge speed of
60 m s, Howlong does it take to cover this distance?

Solution
Total distance covered =5 = 300m
Average speed =v,,=60ms”
Totaltime taken=¢t="7

Using theequatmn Vi = & Mount st Helens erupted
of PO t o in 1380, causing rocks to
¥ travel at velocities up o

400 krm b

puttingthevalues ¢ =300m/60ms =55

Velecity

The speed of an:dﬁjﬁc‘t does not tell anything about the direction of
mation. To take into account the direction, the vector concept is needed, For this,
we have to find the displacement d between the initial and final positions.

Tha,ﬁﬁ“ﬂispl&r:ammt of a body in unit time is called velocity.

If a body moves from point A to B along a curved path as shown in Fig.2.11, the
displacement dis the straight line AB, then

Average velocity = 2 Piacement ab s Bt

kol

Time !

Velocity is a vector guantity. The Egquation (2.2) shows that the direction of
velocity v is the same as that of displacement d. The 5l unit of velocity is also m 5™
orkm h™. Consider the example of a car moving towards north at the rate of
70 km K. To differentiate between speed and velocity, we shall say that the speed




of car is 70 km k™ which is a scalar quantity. The
velocity of the car is a vector guantity whose
magnitudeis 70 km h™ and s directed towards north.

Uniform and Non-uniform Velocity

The velocity is said to be uniform if the speed and Tirrie-lapse
direction of a moving body does not change. If the motorway traffic, the
speed or direction or both of them change, it is  velocity of cars showing

known as variable velocity or non-uniform velocity. straight lines. White iines
; s 3 : . are the haadllgms and tha
Practically, a vehicle does not move in a straight ine . jines ars taillights of

throughout its journey. It changes its speed or its vehicles.moving in
direction frequently. The example of a body moving apposite directions.
with uniform velocity is the downward motion of a

paratrooper. When a paratrooper jumps from an aerupiane he falls freely for a
few moments. Then the parachute opens. At this smgeih&fnme of gravity acting
downwards on the paratrocper is balanced by the resistance of air on the
parachute that acts upward, Consequently, the paratrooper moves down with
uniform velocity, '

2.6 Acceleration

Whernever the velocity of an object 1s increasing, we
say that the object is accelerating. For example, when
a car overtakes another une,_‘_itjhﬁceierates to agreater |
velodty (Fig.2.12). In contraty to that the velocity
decreases when brakes'are applied to slow down a

bicycle or a car. In both the cases, a change in velotity Hﬂﬂit:_,",;“fﬁﬁ'g;@w

QCCUrS. i _' : Fig. 2.12
Acceleration is defined as the time rate of change of velocity.

The change In velocity can occur in magnitude or direction or both of them. The
acceleration is positive if the velodity isincreasing and it is negative if the velocity
15 decreasing. Negative acceleration is also called deceleration or retardation.
Acceleration is a vector guantity like velocity, but the direction of acceleration is
that of change of velocity. If a body is moving with an initial velocity v, and after
some time ¢ its velocity changes to v, the change in velocity is Av = w,- v, that
occurs in time ¢ In this case, rate of change of velocity i.e, acceleration will be
average acceleration.




- Change in velocity Fasclnating Snap:
Average acceleration= e Thie v 5 phosogranh
£ of a falling apple
a, = i {2.3) dropped from som
: N aw height. The images of
Equation (2.3) can be written as  a,_ 5 sppia are captured
The 51 unit of acceleration is m s, by the camera at 60
if acceleration @ is constant, then Eq 2.3 can be TEE per second
a . ; EAING SpdCes
wrrtten as: W= ol bt ﬂﬂegimagﬂs
Uniform and Non-uniform Acceleration indicate the
) e accelaration of the
If ime rate of change of velocity is constant, appla,

the acceleration is said to be uniform.

If anyone of the magnitude or direction or both of them changes it is called variable
or non=uniform acceleration. In this class, we will solve p&ihlm only for the
motion of the bodies having uniform acceleration and not the variable acceleration.

Example 2.4 :
A plane starts running from rest on a mmwa;.r as shown in the figure
below. It accelerates down the run-way and after 20 seconds attains a velocity of
252 kmh™. Detewmanethe average amelerahnn of the plane.

gy =0 =10 L t=20%
.

Solution:
Initial velocity = v=0
Final velocity = =252 kmh”
. 252 % 10 m o

* GaREgs  ome

Timetaken =f=20s
Average acceleration =g_=7
Vim ¥

§
Putting the values

a, . 70ms'-0
20 5
d,=35ms’

Using a,,
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2.7 Graphical Analysis of Motion

A graph is a pictonial diagram in the

form of a straight line or a curve which shows Y
the relationship between two physical i i
quantities. Usually, we draw a graph on a
paper onwhich equally spaced horizontal and i f %
vertical lines are drawn, Generally, every 107 8
line is a thick line on the graph paper. In order
to draw a graph, two mutually perpendicular R o R
thick lines xox and yoy areselected asxand y LY

Fig. 2.13

axes as shown in Fig 2.13. The point where the
two axes intersect each other is known as origin ©. Positive values along x-axis
are taken to the right side of the origin and negative values are taken to the left
side. Similarly, positive values along y-axis ar;i’thl;en above the origin whereas
negative values are taken below the origin. Normally, the independent quantity
is taken along x-axis and dependent variabile quantity along y-axis. For example,
in distance-time graph, tisindependent and 5 is dependent variable. Therefore,
tshould be along x-axis and § along y-axis.

To represent a physi-::al-_qg._iaﬁﬂty along any axis, a suitable scale is chosen
by considering the minimurmand maximum values of the quantity.

Distance-Time Graph

Distance-time gil:?iph shows the relation between distance 5 and time t taken by a
maving body.-

Leta car be moving ina straight line on a motorway. Suppose that we measure its
distance from starting point after every one minute, and record it in the table
given below;

p=—=

Tirme

Distance
S (km) 0 1.2 2.4 36 48 6.0




Follow the steps given below to draw a graph on a centimetre graph paper:

iy Take time talong x-axis and distance 5 along y-axis.

(i) Select suitable scales {1 minute = 1 cm) along x-axis and (1.2 km =1 cm)
along y-axis. The graph paper shown here is not to the scale.

(iii) Mark the values of each big division alongx ¢

and y axes according to the scale. i e
(iv) Plotall pairs of values of time and distance by _
marking points on the graph paper, 54 LEH

(v} Join all the plotted points to obtain a best 0 %% |
straight line as shown in Fig. 2.14. From the Tza
table, we can observe that car has coverad L
equal distance in egual intervals of time. This | ‘£ - :
shows that the car moves with uniform @ 12 24 &
speed. Therefore, a straight line graph - Fig. .14
between time and distance represents mnﬁnnﬁﬂﬁuniﬁnrm speed,

Now consider another journey of the car as r&cm:hd in the table given below:

L 3

Time
t (min) 0 ! _.2 Y 3 4 5
Distance
S (km) 0 0.240 0,960 2.160 3.840 6.000

Table shows that speed goes on'increasing in equal intervals of time. This is very
obvious from the graph as shown in Fig. 2.15. The graph line is curved upward,
This is the case when the boady (car} is moving with certain acceleration.

: &
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In another case, consider the following table:

- Time :

£ Gmin) i 1 2 3 4 3
Distance

S (k) 0 20 3.1 4.0 4.6 50

The graph line is curved downwards. This shows that distance travelled in the
same interval of time goes on decreasing, so speed is decreasing. This is the case
of motion with deceleration or negative acceleration as shown inFig.2.16.

Now consider another case.
Time il
£ {rriin) 1] 1: (1 é 3 4 5
Distance .y
1.2 ™ 1.2 1.2 1.2 1.2
S (km) R

Graph line is huriz.qnia'[:In this case (Fig. 2.17). It shows that the distance covered
by the car does fiat change with change in time. It means that the car is not
maving; itis a_i:T:e'!rt.

yh
20—
CREE
12
FETTTT
04+ NI
| | | |
| | e
X T & 3 4§ b
— timir)
Fig, 2,17




2.8 Gradient of a Distance-Time Graph

The gradient is the measure of slope ¥ 4
of aline,
Consider the distance-time graph of a

uniform speed again. Select any two ~ 5;

values of time ¢, and 1, Draw two E

vertical datted lines at £, and £, on T
5,

x-anis, These lines meet the graph at
points P and Q. From these points o
draw horizontal lines to meet y-axis 7
at 5, and 5, respectively as shown in G-t) L5
Fig.2.18. 5 ot .
Distance covered in this time h ——alg & i
intervalis S5:i-5=5 _ Fig, &8

Time taken t=t =t e

The slope or gradient of the graph is the measire l:if tangent B of the triangle RPC:

Rq r '._" y |
[ =i . 4
Slope PR A
83—5 g "
Slope = ey =N

From Eq. (2.1); + ._=t'l_n',';.-'fthe average speed during the time interval L.
Figure 2.17 shows that —3— = tan 0 = slope of graph line, therefore,

Gradient-of ‘the distance-Time graph is equal to the average
speedafthe body.

2.9 Speed-Time Graph

Suppose we can note the speed of the same car after every one second
and record it in the table given below, we can draw the graph between speed v
versus time £ Thisis called speed-time graph.

Table
Time £ (s} 0 1 2 3 4 3
Speed v -
ms™h 0 8 . i6 | 24 | 32 | 40




Take talong x-axis and v along y-axis, Scale can be selected as 1 s = 1 cm (x-axis)
and speed 10m s~ = 1cm along y-axis.

Shape of the graph is shown in Fig. 2.19: It is a straight line rising upward. This
shiows that speed increases by the same amount after every one second. Thisis a
motion with uniform acceleration. It is also evident from the table,

¥ 'y
40 *‘/I
a2
E
s 24 2N
ll.
e : e
b -
& )
_ 1 J =
O 1 2 BN 8 X
——nt(s)
Fig. 2.18,

MNow consider another case. The observations are recorded in the table given
below:

i i:}" Table

Timetfs) o' ¢ | 1] 2 [ 3 | 45
Speed ¥
ms" 20 | 20 | 20 | 20 | 20 | 20

Inthis case, g raph lineis horizontal {Fig. 2.20) paralle! to time x- axis. [t shows that
speed does not change with change in time. This is a motion with constant
speed.

Ya
:'153
EHE ? i i 1 i
T’“ ! [ 1 I
gl
5] T £ 3. 4. 5 X
» {5}
Fig. 2.20
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2.10 Gradient of a Speed-Time Graph

Now consider the speed-time graph (Fig. 2.21). The speeds at times t, and {; are
vy and v; respectively. The change in speed in a time interval {f; - £} is {¥; -w).

Therefore, Yk
_ Change in speed
Slope = e ime taken
vz — ) -
or Slope = ———
4 (tz =) T
Slope = ‘-'T" W ¢
But 2 =g th eration. [0 R
k=== = @, the average acceleration. ﬁ.,m
of _"ﬁ' 11T f
H Fig. 221
ence

Gradient of the speed-Time gfaph'is equal
to the average acceleration of the body.
This shows that when a car moves with Constant acceleration, the velocity-time
graph is a straight line which rises threugh same height for equal intervals of time.
Graph of Fig. 2.1% is redrawn in Fig. 2.22 to find its slope. The speed v, at
time ty is the same as speed w;’tfﬁm fz hence, the change in speed is also zero.
va= ¥4 = 0. Thus, the slope =021 = g - X4
AV G- i
When the speed of the object is Ex0—e—b—o—a—s

-]

constant, the speed-time graph is a TW
a

horizontal straight line parallel to time
anis.

5 ¥
=D SES AL B K

This shows that the acceleration i tE—s b Fig. 2.22
of this mation is zero. It is the motion without the change in speed.

2.11 Area Under Speed-Time Graph

The distance moved by an object can also be determined by using its
speed-time graph. For example, figure 2.23 shows that the object is moving
with constant speed v, For a time-interval t, the distance covered by the object
asgivenby Eq.2.1is vxt.

>
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This distance can also be found by Y&
calculating the area under the speed-time T v
graph. The area under the graph for time T
interval ¢ is the area of rectangle of sides t ¥
and v. This area is shown shaded in Fig.2.23 2 »
and is equal to v x £ Thus, area under = F8-228 t—p
speed-time graph up to the time axis is Y4
numerically egual to the distance covered = : A
by the object i time £,

Now consider another example shown in T
Fig. 2.24. Here, the speed of the object |

increases uniformly from 0 to v in time ¢, ﬁf:,‘i t

The average speed is given by o Fig. 2248 L 5 B X
V. -M -lv —

et (2] Mini Exorcise]
Distance covered = average speed = fime = 1/2vx{ |

N

If we calculate the area under speed-time graph, it T v

is equal to the area of the right-angled -tﬁ_éingie c‘?"&

shown shaded in Fig. 2.24. The base of thetriangle i cyclist B

is equal tot and the perpendicularis equai to v. _‘E

Area of atriangle = 1/2 (perpendicular» base) gl
=1/2(vxt) O o

We see that this area is numerically equal to the

distance covered by the/object during the time timg—»

interval £, Therefore, we.can say that: The diszance-time graph shows

The area under the speed-time graph up to the |the motion of three cyclists,
time axis is thgﬂcallyr equal to the distance |# What does each line on the

qraph reprasent?
caveredby Repibject i) Which eyclist travalied the

2.12 Solving Prnh!ems for miast distance? '
. . ) Which cyclist travelled at
Motion Under Gravity B Srasract s el

Three equations of motion are used to solve| flowest speed? at constant
problems for motion of bodies. If v, is the initial | speed?

velocity of the body, v, is the final velocity, t is the time taken, S is the distance
covered and ¢ is the acceleration, then:

V=V # 8 —ememmeeeeen (1)
S= v+ i— i EBEE e e (2)
205 = yE=yt — (3}




While applying these equations, the following assumptions are made:

] Mation is always considered along a straight line

iy  Onlythe magnitudes of vector quantities are used.

{iiiy Accelerationis assumed to be uniform.

v}  The direction of initial velocity is taken as positive, Other quantities which
are inthe direction of initial velocity are taken as positive. The quantities in
the directicn cpposite to the initial velocity are taken as negative.

2.13 Free Fall Acceleration

When a body is falling freely under the action of gravity of the Earth, the
acceleration acting onitis the gravitational acceleration and is denoted by g. The
direction of gravitational acceleration is always downwards. |tSrFi]ﬁ’E 598 ms?,
but for convenience we shall use thevalue of gas 10ms™.

| Since the freeb,r falling badies move vertically
downwards in a-straight line with uniform
acceleration g, so the three equations of
motion can be applied to the motion of such
bodies. whde applying equations of motion,
the acceleration 2 is replaced by g. Thus,
quaﬂ@ns of motion for freely falling bodies

e (1)

Light and heavier abijects wl'nuﬂqll S=wi+ 1 R (2}
through vacuum, move side by side. 2

R e (3)

It should be remembered that while using these For Your lnformation!

equations, the foliowing paints should be keptinmind:
i} If a [:lnﬂy_ s released from some height to fall
freely, s initial velocity v will be taken as zero.
e "":i

(i) The gravitational acceleration g will be taken as
positive in the downward direction. All ather
quantities will also be taken as positive in the
downward direction. The guantities in the
directicn opposite to the acceleration will be
iaken as negative.
@i}  If a body is thrown vertically upward, the value ﬁﬁﬁdm” of FF'EE fall g is
of g will be negative and the final velocity will be 0ms™ forallobjects
zero at the highest point.




Example 2.5

An iron bob is dropped from the top of a tower. |t reaches the ground in 4
seconds. Find: (a) the height of the tower (b) the velocity of the ball as it strikes

the ground.
Solution
For freely falling body:
Initial velocity = ¥ = 0
Acceleration = g = 10ms*
Time = 1 = 45
Height (distance) = 5 = h = ?
Final velocity = ¥ = 7
{a) According to second equaﬁnn of motion,
S=wt+— gt* 3
Putting the valuss, f = EI 4§+ =% 10 m s % [4}‘”5‘
h=80m
{b} From the first equatmn of motion, we hwe
=v +gt
Putting thew!uea v =0+ 10mst % 4s = 40ms"
Example 2.6 '

An arrow is thrown vertically upward with the help of a bow, The velocity of the
arrow when it leaves the bow is 30 m s™. Determine time to reach the highest
point? Also, find the maximum height attained by the arrow.

Solution \
Here, acceleratiorriill be taken as negative, for the arrow is thrown vertically
upward. o4
Initial velogity =y =30ms’
Final velocity =y =0
Acceleration =g=-10ms*
Time =t=7
Height E=h =1
From first equation of mation:
¥, = ¥ + gt
i =¥
or t B S
0-30ms’
Putting the values t = Ab s s




Now from the third equation of motion:

2gs=vi - v
2
“ — W
L
o Z(q)
ﬂ-  m? s

Putting the values h = IR

Relativity

In 1905, famous scientist Albert Einstein proposed his revolutionary
theory of special refativity which modified many of the basic concepts nfphysic,m
According to this ‘th‘&ﬂﬂf speed of light is a universal constant. Its value is
approximately 3 x10" m s~ Speed of light remains the same for.all motions. Any

object with mass cannot achieve speeds equal to or greater than that of light.
This is known as universal speed limit.

KEY POINTS ,

e A ccalar is that physical guantity which can be diﬁhﬂﬁad comglebely by its magnibucde
ondy.

= A vector is that physical guantity 'l'l'l'll:h r‘m-zds magnitude as well as direction to
describe itcompletehy,

= Toadd a number of vectors, redraw fhalr representative lines such that the head of
one line coincldes with the tad of Ihgmhtr The resultant vecior is given by a single
vector which is directed from thig fail of the first vector to the head of the last vector,

= Translatory motion, rn'tntuq.rrnmhm and vibratory motions are different: types of
mation.

= Position of any object r;-*if! distance and direction from a fixed point.

= The shortest distance bntwnm tha initial and final positions of a body i= called fts
displacernent. ™,

= Distance cuvq’gﬂ‘byahudwn aunittime iz called s speed.

= Timerate ¢fdisplacement of a body is called fis velogity.

» Theveloclty lssald 10 be uniform If the speed and direction of 2 moving body does not
thange, othenwise it is non-uniform velocity.

* Rateofchange of velocity of a body is called its acceleration,

» |f change of velocity with ime is constant, the acceleration is said to be uniform,
othenvise it is non-unifarm,

= A graph that shows the rélation between distance and time taken by a moving bodyis
called a distance-time graph.

= A graphthat shows the relation between the speed and time taken by & moving body
is called a spead-time graph.

= Gradient or slope of the distance-time graph is equal to the average speed of the
body. Slope of the speed-lime graph is squal Lo The acceleration of the body.
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s The ares under speed-time graph s numencally ecgusl to the distance covered by the

abject.
= Foliowing are three equations of mation,
¥, =¥+l
Fmwi+ 5ot
ZaS=w-v

= Gravitational acceleration g acts downward on bodies falling freely. The magnitude of

gls10ms™,
EXERCISE
A  Multiple Choice Questions
Tick {+') the correct answer.
2.1  Thenumerical ratio of displacement to distance is:
(a) alwayslessthanone (B) ahways equa] mur'm
(c) always greater than aone (d) egualto mjiqs#than one
2.2 if a body does noet change its position mthresp&t to some fixed point,
then it willbe in a state of: N

{a) rest (bj motion
{0) uniform motion (df “variable motion
2.3  Aballisdropped fromthe top ofatower, the distance covered by itin the
first second is:
{al 5m (b 10m o) 50m (d) 100m

24  Abody accelerates from rést to a velocity of 144 km b in 20 seconds. The
distance coverad by iti st
(@ 100m (b Wm (e} 1400m (d) 1440m

25 Abodyis mnm_ngqﬁih constant acceleration starting from rest. It covers a
distance S in4 seconds, How much time does it take to cover one-fourth

of this distance?
@A1s S B 2s (c}4s (d) 165

2.6 The dispiacernent time graphs of two objects A and B are shown in the
figure. Point out the true statement from the following: A
{a) Thevelocity of Ais greaterthan B.
(B} Thevelocity of Ais lessthan 8. T B

{c} Thewvelocity of A is equal to that of B.
(d) Thegraphgives noinformation in this regard.
2.7 Theareaunderthe speed-time graphisnumericallyequaite:
(a) welocity tb) uniformvelocity
(c) acceleration (d) distance covered




2.8 Gradient of the speed-time graph is equal to:

(a) speed (b) welocity (¢) acceleration (d) distance coverad
2.9  Gradient of the distance-time graph is equal to the:

{a) speed  (b) velocity (c) distance coverad {d) acceleration
2.10 A car accelerates uniformly from 805 kmh'at t=0to 113 kmh”

at t = 9 5. Which graph best describes the motion of the car?

[P i e

2.1 Define scalar and vector quantities.

2.2 Give 5examples each forscalar and vector qumﬁﬁﬁs..

2.3 State head-to-tall rule for addition of vectits:

2.4 Whatare distance- time graph and Spgeéiﬁnmegraph?

2.5 Falling objects near the Earth have the same constant acceleration. Does this
imply that a heavier object will fall faster than a lighter object?

2.6 The vector quantities are sométiines written in scalar notation {not bold
face), Howls the direction mdﬁ:ated'-'

2.7 A body is moving mth uhTﬂnn speed. Will its velocity be uniform? Give

reason.
2.8 lsitpossiblefor a_l_:qﬂy ’tﬂhave acceleration? When moving with:
(i} constant velocity
(ii} canstant speed

2.1 Distance and displacement may or may not be equal in magnitude. Explain
this statement.

2.2 When a bullet is fired, its velocity with which it leaves the barrei is called the
muzzle velocity of the gun. The muzzle velocity of one gun with a longer
barrel is lesser than that of another gun with a shorter barrel. In which gun is
the acceleration of the bullet larger? Explain your answer.

2.3 For a complete trip, average velocity was calculated, lis value came out to be
positive. |s it possible that its instantaneous velocity at any time during the
trip had the negative value? Give justification of your answer.




2.4 A ball is thrown vertically upward with velocity v It returns to the ground in
time T. Which of the following graphs correctly represents the motion?
Explain your reasoning.

(=) {b) :cl id)

\fg T| Ti_ ,

2.5 The figure given below shows the distance - time graph for the travel of a
cyclist. Find the velocities for the segments a, band ..
b

e
)
i
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2.6 Is it possible that the velocity of an object is zero at aninstant of time, but its
acceleration is not zero? i yes, give an example of such a case.

2.1 Howavectorcan b-e represented graphically? Explain,
2.2 ﬂlﬁarenua’ﬁahéh'reen
ﬂ} restand motion
(i) speed and velocity

2.3 Describe different types of motion. Also give examples.

2.4 BExplain the difference between distance and displacement.

2.5 What do gradients of distance-time graph and speed-time graph represent?
Explain it by drawing diagrams.

2.6 Provethatthe area under speed-time graph is egual to the distance covered
by an object.

2.7 How equations of motion can be applied to the bodies moving under the
action of gravity?




2.1

2.3

2.4

2.5

2.6

2.7

Draw the representative lines of the following vectors:

(2} A velocity of 400 m s making an angle of 607 with x-axis.

(6) A force of 50 N making an angle of 1207 with x-axis.
A car is moving with an average speed of 72 km b, How much time will it
take to cover adistance of 360 km? (5 H)

A truck starts from rest. It reaches a velocity of 90 km b in 50 seconds. Find
its average acceleration, (O5ms?
A car passes a green traffic signal while moving with a velocity of Sms™. it
thenacceleratesto 1.5 ms™. What s the velocity of car after s Fﬂ:ﬁﬂdﬂ

, (125ms™
A motorcycle initially travelling at 18 km h™ accelerates at constant rate of
2 m s How far will the motorcycle go in 10 seconds? (150 m)

A wagon is moving on the road with a velotity of 54 km h'. Brakes are
applied suddenly. The wagon covers a distance of 25 m before stopping.
Determine the acceleration of the wagon:. (-45ms?

A stone is dropped from a height n;:faiﬁ . How long will it take to reach the
ground? What will be its velocity Justbefnre hitting the ground?
(35 30msT)

A cartravels 10 kmwith an average velocity of 20 m 57, Then it travels in the

same direction through a diversion at an average velocity of 4ms™ for the

next 0.8 km, Detenmmtheaverage velocity of the car for the total journey.
154 ms™

A ball is dr-:::pped fn::-m the top of a tower. The bzl reaches the ground in
5 seconds. Find the height of the tower and the velocity of the ball with
which it strikesthe ground. (125 m, 50 ms")

2.10 A cricket ball is hit so that it travels straight up in the air. An observer notes

that it took 3 seconds to reach the highest point. What was the initial

velocity of the ball? If the ball was hit 1 m above the ground, how high did it
ise f ?
rise from the ground 30 m ", 46 m)




After completing this chapier, students will be able to:

-
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Ikustrate that mass s a measure of the quantity of matter in an object

Explainthat the masy of an object resists change from its state of rest or motion (inecti)

Deseribe universal gravitation and gravity. State Newton's Law of gravitation. (Indude

privobems mdated to gravitation.)

Define and calculate weight [Weight is the force exerted on an object having mass by a

planet's gravity, and use w = mg]

Define and calculate gravitational field strength [This includes being able to state that a

graviational field is a region in which & mass expenences 3 force ﬁﬁ&iﬁ'g’mﬁatimal

attraction, Students should be able to define gravitaticnal field strength' () 3s foree per

unit mass use the equation gravitational field st = weight/massg = w/m (and know

that this is equivalent to the acceleration of free fall) i

Justify and illustrate the use of mechanical and electronic Baldnces to measure mass

[understanding the intemal workings of the electronic balafes is not required; just how to

practically use the instrument in appropriste situatons]”

Justify and ifustrate the use of a force meter {spring bafance] to measure waight.

Differentiate between contactand nancontact forges™

Differentiate between different types of forces [ihcluding weight (gravitational force),

friction, drag, air resistance. tension (elasticforte), electrostatc force, magnetic farce,

thrust [drivirg force), and contact force],.

State that there are four fundamental fdrces and describe them in terms of their relative

strengths [These are the gravitational, electromagnetic, strong and weak nudear forces.

Students should know that Pakistani Scientist won the Nobel Prize for helping prove that

theweak force and the elecromagnetic force are actually unified]

Raprasent the forces acting ana bady using free body diagrams

Srate and apply Nuntan‘sﬁréﬂ*uw

identify the effect of force’an velocity [t may change the velocity of an object by changing

its direction of metion.crits spead)

Determine the of twao or more forces acting in the same plane.

State and a : f r's second lawin terms of acceleration

Seate and aﬂpl’g}imn'sﬂwhﬂlm

Explain with-gxamples how Mewton's third law describes pairs of forces of the same type

acting on different objects

Srate the [nitations of Newton's laws of motion

Analyse the dissipative effect of friction

Analyse the dynamics of an obyect reaching terminal velacity

Differentiate qualitatively between rolling and shiding friction

Justify methods to reduce fiction,

Define and caloulate momentum

Define and calculate impulse [Usa the aquation Impulses FA4f = m 4l

:pp&y the prindple of the conseration of momentum to salve simple problams in one
Imension

Define resultant force in terms of momentum,
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In kinematics, we studied the motion of objects. If the position, velocity
and acceleration were known at any time, then the position and velocity of the
maoving body at another fime could be completely described. But one of the
things left out of this discussion was the cause of acceleration produced in the
body. If a stone is dropped from a height, it is accelerated downward. It is
because the Earth exerts a force of gravity on the stone that pulls it down. When
we drive a car or motorcycle, the engine exerts a force which produces
acceleration, We will observe that whenever there is acceleration, there is always
a force present to cause that acceleration, Dynamics is concerned with the forces
that produce change in the motions of bodies.

3.1 Concept of Force :

A commaon concept of a force is a push or a
pull that starts, stops or changes the magnitude and
direction of velocity of a body. We come across many &
forces in our daily life. Some of them we apply on
other bodies and some are acting on us. For
example, when we open a door, we push ar pi.lll it by )
applying farce. When we are sitting in a.car, we push *9*
against the seat as the car turns rnuncLa corner. ; 3.

Force transfers energy to an &'.jeci. Take the example of a man who moves
a wheelbarmow with its load. Tlge man first applies force to lift it and then applies
force to push it {(Fig.3.1). Hagpp!ms a differant amount of force on each handle
when turning the wheelbarrow around the comer in order to keep it from tipping
over. The examples of forces acting on us are the force of gravity acting downward,
the force of friction which helps us to walk on the ground and many others,

Types of Estﬁ'é
There are two major types of forces:
1. Contact Forces 2. Non-contact Forces

1. Contact Forces

Acontact force is a force that is exerted by one object on the other at the
point of contact, Applied forces {push a pull and twist) are contact forces, Some
other examples of contact forces are the following:

(i} Friction

it is the force that resists motion when the surface of one object comes in
contact with the surface of another.




(i) Drag

The drag force is the resistant force caused by the moticn of 3 body
through a fluid. It acts opposite to the relative motion of any object moving with
respect to surrounding fluid.
(i) Thrust

itis an upward force exerted by a liquid on an object immersed in it. When
we try io immerse an object in water, we feel an upward force exerted on the
object. This force increases as we push the object deeper into the water, A ship
can float in the sea due to this force which balances the weight of the ship.
{iv) Normal Force

it is the force of reaction exerted by the surface on an object lying on it.
This force acts outward and perpendicular to the surface. it is also called the
support force upon the object.
(v} AirResistance

Itis the resistance (opposition) offered by airwhen an ubjﬂﬂt‘falls through it

{vi} TensionForce

Itis the force experienced by a rope when a pers{:rmr load pullsit.
(wii) Elastic Force

it is a force that brings certain materials hﬁCk to their original shape after
being deformed. Exarmples are rubber bands, spfrngs,.t'ampﬂlme et

2. Non-contact Forces
A non-contact force is defined as‘thefﬂrte between two objects which are
niot in physical contact. The non-contact forces can work from a distance. That is
why, these are sometimes called as/aetion-at-a-distance. There is always a field
linked with a non-contact force. Due to this property, non-contact forces are also
called field forces. A few examples of non-contact forces are described below:

(i) Gravitational Force
An apple falling down from a tree is one of the best examples of
gravitational force (Fig. 3.2). When we throw an object upward, it is the
gravitational force-0fthe Earth that brings it back to the
Earth. In fact, the gravitational force is an attractive force
that exists among all bodies which have mass. It is a
long-range force gwen oy Newton's law of gravitation,
F=G—1I— m, where m, and m, are two

masses distant s apart ann:l G is constant of gravitation. lts value
i56.67 x 107" N m® kg™, The Sun's gravitational force keeps the
Earth and all other planets of our solar system in fixed orbits.  gig. 3.2
Similarly, the gravitational force of the Earth keeps the moon in its orbit. It also
keeps the atmosphere and oceans fixed to the surface of the Earth. Even an
object resting on a surface exerts a downward force called its weight due to
attractive force of the Earth also known as gravity.




{ii) Electrostatic Force

An electrostatic force acts between two charged
objects. The opposite charges attract each other am:l
similar charges repel each other as shown in Fig. 3.3.

Like gravitational force, electrostatic force is also a

long-range force.
{iii}y Magnetic Force

It is a force which a magnet axerts on other
magnets and magnetic materials like iron, nickel and
cobalt. You might have observed that iron pins
attracted in the presence of a magnet without any
physical contact (Fig. 3.4). Magnetic force between the
poles of two magnets can be either attractive or . °
repulsive. This can be observed very easily by br:lngmg
different poles of two magnets close to each other, hl:e
potesrepel and unlike poles attract each c-ther

{iv) Strong and Weak NuclearForces

These are also non-contact fortes acting between the subatomic
particles. We will study these forces inthe next section.

3.2 Fundamental Forces
There are four funda m&ntalfur:eés Fh nature, These are:

rﬂn:e Force

1. Gravitationalforce -~ 2 Electromagnetic force
3. Strong nuclearforce. 4, Wezk nuclear force
Every force comes under any of these forces.
Gravitational Force

The gravitational force has been discussed in the previous section. We
often talk about this force. It is the weakest one among all four forces. Being a
long range force, it extends to infinite distance although it becomes weaker and
weaker, _
Electromagnetic Force ’
it is the force that causes the interaction -

between electrically charged particles. Electrostatic
and magnetic forces come under this category. These
are leng-range forces, The areas in which these forces
act are called electromagnetic fields. Electromagnetic

forces are stronger than gravitational and weak ,,.,ﬂ,',‘;;"d“’?m
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nuclear forces. This force causes all chernical reactions. It binds together atoms,
molecules and crystals etc. At macroscopic level, itis a possible cause of friction
between different surfacesinrelative metion,

Strong Nuclear Force
It holds the atomic nuclei together by binding the (
protans and neutrons in the nudeus over coming ==
repulsive electromagnetic force between positively <] »
charged protons. It is also a short-range force with e f ®
the order of 10 m. If the distance between
nucleons increases beyond this range, this force f-t“t?"
ceasestoact m.g 3.6

o eyl Bl

the nucleus

Weak Nuclear Force | in

Weak nuclear force is respoansible for the
disintegration of a nucleus. For example, the.
weak nuclear force executes the B-decay (beta
decay) of a neutron, in which a ;!e.l'_mi:m
transforms into a proton (Fig.3.7). In the process,
a B-particle {electron) and an unr:hupﬁ_ed particle
called antineutrino are emitted, Inother words,
we can say that due to weak nuclear force
radioactive decay of aloms occurs. However, iy
weak nuclear force is stronger than the gravitational force but weaker than the
electromagnetic farce. Itis a short-range force of the order 10" m.

Uniﬁmﬁu@%ﬂd( Nuclear and Electromagnetic Forces

A Pakistani scientist Dr. Abdus Salam along with Sheldon Glashow and
Steven Weinberg were awarded in 1579 Nobel Prize in Physics for their
contributions to the unification of the weak nuclear force and electromagnetic
force as electroweak force, Although these two forces appear to be different in
everyday phenomena, but the theory models them as two different aspects of
the same force, Its effects are observed for the interactions taking place at very
high erergy.




3.3 Forces in a Free- Body Diagram

External forces acting on an object may

include friction, gravity, normal force, drag, M_

tension in a string or a human farce due to
pushing or pulling.

Suppose a book is pushed over the
surface of a table top as shown in Fig.3.8(a).
Then how can we represent the forces acting
onthe body using free-body diagram?

Free-body diagrams are used fo show
the relative magnitudes and directions of all
the forces acting on an object in 8 given
situation. In other words, a free-bogy diagram
is a special example ofthe vector diagrams.

Usually, the object is represented by 2
box and the force arrows are drawn outward:

from the centre of the box in the directions of b

forces as shown in Fig.3.8(b). The length of a
force arrow (line) reflects the magnitudeofthe
force and the arrow head indicates the
direction in which the force acts-Each force is
labelled to indicate the exacttype of force.

3.4 Newton's Law nf Mation
Newton's Wuf Meotion

itis our common observation that a force
is required to move or to stop & body, A book
placed on a table remains there unless a force is
applied to move it (Fig.2.9). A ball rolling on floor
should continue to move with the same velocity
in the absence of an applied force. But practically,
we see that it is not true. The ball stops after
covering some distance. In fact, an opposing
force (friction) causes the ball to stop. Newton
expressed such observations in his first law of
maotion which states that:
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Sir Isasc Mewton was bom
in Lincolnshire on Januany
4, 1643, The name of his
famaus book i¢ *Principia
Mathematica™




A body continues its state of rest or of uniform motion in a
straight line unless acted upon by some external force,

When a fast-moving bus stops suddenly, the passengers tend to bend forward. It
it because they want to continue their motion. On the other hand, when the bus
starts moving quickly from rest, the passengers are pushed back against the seat.
This time, the tendency of passengers is to retain their state of rest.

According to first law of motion, a bus moving on the road should
continue its mation without any force exerted by the engine. But practically, we
see that if the engine stops working, the bus comes to rest after covering some
distance. It is because of the friction between the tyres of the bus and the road. All
the bodies moving on the Earth are stopped by the force of friction. If you were in
outer space and throw an object away whers no force is acted upon it, the object
would continue to move forever with constantvelocity. |

The first law of motion alsc provides us anotherdefinition of force which is
stated as follows:

L "I':-.-. d
Force is an agency which changes or tends to change
the state of rest or of uniferm mation of a body,

In simple words, we can say that fofce causes acceleration.

Inertis L A Demonstration of
Property of Inertie

A net force is required to ‘change the velocity of
objects. For instance, @ net force may cause a
bicycle to pick up SF}EEL‘I‘ quickly. But when the same
force is applied toa truck, any change in the motion
may not be observed. We say that the truck has
mare inertia than a bicycle, The mass of an object is
a measure of its inertia. The greater the mass of an
object, the greater is its inertia.

The property of a body to maintain its state of restor

of uniform motion in a straight line & called inertia.

As a result of the role of inertia in Newton's

first law, this law is sometimes called as law of | When the table cloth is pulled

iner'ﬁa_ al:m.lpﬂy, the m perrain in

their original position on the
table,




Newton’s Second Law of Motion

MNewton's first law indicates that if no net force acts on an object, then the
velocity of the object remains unchanged. The second law deals with the

acceleration produced in a body when a net force acts upon it Newton's second
law can be stated as:

If & net external force acts upon a body, it accelerates the body in the
direction of force. The magnitude of acceleration is directly proportional to

the magnitude of force and is inversely proportional to the mass of the body.

If a net force of magnitude F acts on a bedy of mass m and produces an

acceleration of magnitude @, then the second faw can be written mathematically
as:

and g« F
& il
m
sg i {C-E‘ 7
. r
or g = {constant)—
J m

According to Sl units, if m =1kg, a'=1ms’, F=1N, then the value of the
constant will be 1, Therefore, the above equation can be written as:

H'EI 1= _F
i m
o F=mu e

First law of motion provides the definition of force, ie., a force produces
an acceleration in a body. By the second law of motion (F = ma), we can calculate
mathematically, the amount of force required to produce a certain amount of
acceleration ina bady of known mass. The Sl unit of force s newton (M),

One newton is the force which produces an
accelerationof 1ms®inabody of mass 1 kg.

From Eq 3.1 1N = 1kgms™




Effect of Force on Velocity

MNewton's second law also tells that a force can change the velocity of a
body by producing acceleration or deceleration in it. As velocity is a vector
guantity, so the change may be in its magnitude, direction orin beth of them.

Newton’'s Third Law of Motion

Whenever there &5 an interacbon between two
bodies A and B, such that the body A exerts a force on
body B, the force is known as action of A on B. In
response to this action, the body B exeris a force on
the body A. This force is known as reaction of B on A
For example, when we press 2 spring, the force exerted
by our hand on the spring i action Our hand ako
expenences a force exarted by the spring,. This is the
force of reaction (Fig:3.10). Newton expressed these
action and reaction forces in his third law of mation, It

is stated as:
For every action, there is always
an equal and oppaosite reaction.
Since; action and reaction do not act
on the same body but-they act on two
different bodies, so tl'm-_p can never balance
each other, Thus, Newton's third law can also
be expressed H‘Fﬂ'liuws.
if one body exerts a force on a second body,
the second body also exerts an equal and
cpposite force on the first body.

Forces Act in Pairs

In space, an astronaut throws a
wrench, as a reaction he moves in
opposite direction.

We have studied that forces act in pairs when two objects interact, i.e,
action and reaction forces. We often notice a force that seems to make
something happen but usually we do not nofice the other force invelved. Here
are some examples of pairs of forces involved in accordance with Mewton's third

law of motion.
&0




{i) Considerablock lying onatable asshowninFig. 3.11.

The force acting downward on the block is the weight. The block exerts a
downward force on the table equal to its weight w. The table also exerts a
reaction force F, on the block. The two forces on the block balance each other
and the block remains atrest

R F
-— —

. Fi!-’-“\{_

Fig. 3.11

(ii) When a bullet is fired from a gun, the bullet moves 'm.{hn forward direction
with a force F. Thisis the force of action. The gun recolls iffﬂ‘le backward direction
with a reaction force R (Fig. 3.12). ‘x

-

3.5 Limitations of Newton’'s Laws of Motion

We have already explained that Newton's laws of motion can be applied
with very high degree of accuracy tﬂQ‘&j‘mﬂm of objects and velocities which
WECOME across ma.rﬁyday life.

Thie problems arise when weﬁéal with the mation of elementary particles
having velocities close to 'I:l'lﬂ'li*ﬂﬂight. For that purpose, relativistic mechanics
developed by Albert Ei nstmmﬂi:-pf‘tahle,

After all this discy we can say that Newton's laws of motion are not
exact for all types of but provide a good approximation, unless an object
iz small enough ormeving close te the speed of light.

Look at the photographs below. identify the pairs of forces acting in each
phatograph.




3.6 Mass and Weight

Commonly, we consider mass and weight as the same guantities but
scientifically, mass and weight are two different quantities. When we say that the
weight of this object is 5 kg, itis not true. In fact, 5 kg is the mass of the object. The
simplest definition of mass is that it is a measure of the quantity of matter in a
body. Scientifically, mass of a body can be defined as:

The characteristic of a body which determines the magnitude of acceleration
produced when a certain force acts upon it is known as mass of the body.
Mass is a scalar quantity. it remains the same everywhere. Fractically, mass
is measured by an ordinary balance. The Slunit of mass is lh 'l::l-_:}ram {kg).
Weight is a gravitational force acting on the.object. Itis a vector quantity
directed downward, towards the centre of the Earth.

The weight of an object is g’ﬁpa] to the force with
which the Earth attracts the body towards its centre.

Gravitational Field LN

The gravitational field.is a space around a mass in which another mass
experiences a force due to gravitational attraction. The gravitational field
strength is defined as the gravitational force acting on unit mass. Thus, mass m
on the surface af;t!‘g'&ﬁarﬂ'l exerts a force known as its weight wgiven byw =m g,
where g is the gravitational field strength. Its valueis TON kg™

As the value of g varies from place to place and also with altitude,
therafore, the value of weight does not remain the same evenywhera,

It varies from place to place according to variation in g. Though an
object's weight may vary from one place to another, but at any particular
location, its weight is proportional to its mass, Thus, we can conveniently
compare the masses of two objects at 2 given location by comparing their
weights, The weight cannot be measured by an ordinary balance. A spring
balance can be used to measure the weight. The Sl unit of weight is newton (N},
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Example 3.1

A 10 kg block moves on a frictionless horizontal surface with an
acceleration of 2 m s What is the force acting on the block?

Solution

Mass of a block = -m = 10kg
Acceleration = g = ?ms”
Force = F =1

By Mewton'ssecond lewofmotion, F = mo
Puitingthevalues, F =10kgx2ms™ = 20kgms™ = 20N
Example 3.2 o

A force of 7500 N is applied to move a truck of mass 3000 kg. Find the
acceleration produced in the truck. How long will rt taketﬂ accelerate the truck

from 36km b to 72 km b speed?

Solution &
Mass oftruck =m = 3000kg ,
Force applied =F =750N {
Acceleration =g =7
Initial speed =v = 36kmh’

B 00m ,
% eos
Final speed =4 =72kmh’ E—;‘% = 20ms’
Time > =1
Eyl"'lewtnn's;ﬂcimﬂ law, F =ma
or a=L
m
7500 N -1
Putting the values, g = =—=—— = 25ms
? 3000 kg
Now, using first equation of motion,
v, = ¥, + at
ar ¢ = Vi— ¥,

a
2ms' =10ms"’
25ms”

Putting the values, & =




3.7 Mechanical and Electronic Balances

Balance scales are commonly used to compare masses of cbjects or to
weigh objects by balancing them with standard weights.

Mechanical Balances

A mechanical balance consists of a
rigid horizontal beam that osciliates on a
central knife edge as a fulcrum. It has two
end knife edges equidistant from the centre.
Two pans are hung from bearings on the end
knife edges (Fig.3.16}. The material to be
weighed is put in one pan. Standard weights
are put on the other pan. The deflection of
the balance may be indicated by a pointer
attaches to the beam. The weights on the
pan are adjusted to bring the beam in
equilibrium. .

There is another type of mechanical, -'_"‘J
balances which are used to weigh heawy
items like flour bags, cement bags, steel’
bars, etc. These are called mechanical
platform balances (Fig.3.17). Standard
weights are not required to use this balance,
Its reason is that the fulcrum of the beam of
such a balance is kept very-near to its one
end. Therefore, much smaller weights have
to be put at the other end of beam to bring it
to equilibrium. These smaller weights have
already been ‘t;&l‘ihrated to the standard
weights. \
Electronic Balances

No standard weights are required to
use in an electronic balance (Fig.2.18}. Only
it has to be connected to a power supply.
There are some models which can operate
by using dry ceil batteries. An electronic |
balance is more precise than mechanical |
balance. When an object is placed on it, its °
mass is displayed on its screen. Now-a-days,




electronic balances also display the total price of the material if the rate per kg is
fed to the balance.
Force Meter

A force meter is a scientific instrument that measures
force. It is also called as a newton meter or a spring balance
(Fig.2.19). Now-a-days digital force meters are also available.
You have already learmt about mechanical and electronic
balances. They measure mass of the objects in kilograms or its
multiples. On the other hand, force meter measures force
diractly in newtons (N].

An ordinary force meter has a spring inside it. Upper
end of the spring is attached to a handle. A hook is attached to
the lower end the spring that hoids the object. A pointeri isalso
attached to the spring at its upper end. A scale in Tnewtons is
provided along the spring such that the pmntgmhmdesvn’d'u
zero of the scale when nothing is hung ‘mth ti’lﬂ'h::ruk.

The object to be weighed is I'ﬂ.;ﬂ&

with the hock The mass of the nl;ajsnt p Fig. 3.18

causes the spring to compress, The
pointer indicates the WEigj’-lL of the
object. However, some fq;ﬂ;.wmtan are
also based on the ﬂ#ﬂ:hmg of the
spring when a load is hung. In this case,
the pointer rsaﬂluhed at the lower end
ef the spring.

In some spring balances, the
scale measures the mass which can be
readily converted into newtons by
multiplying the mass in kg with the value
of g =10ms®

A digital force meter measures
directly the weight of the object in
newtons (Fig. 3.20).

Do You Know?

4 The weight
of 100 g
mass is T N,




When 2 cricket ball is hit by the bat, it moves on the ground with a
reasonably large velocity, According to Newtoan's first law of motion, it should
continue to move with constant velocity. But, practically, we observe that it
eventuglly stops after covering some distance. Does any force act on the ball in
opposite direction that stops the ball? Yes, it is the force of friction between the
ball and the ground that opposes the motion of the ball.

Dissipative Effect of Friction

Friction is a dissipative force due to which the energy is wasted in doing
work to overcome against friction. The lost energy appears mma’ft:nn ofheat.

A very common example of energy dissipationis . -
the rubbing of hands (Fig.3.21). When we rub our hands, | S
heat is produced due to friction and our hands become:
warm. Similarly, the temperature of machines rises due
ta friction between its moving parts that can cause many
problems. The tyres of vehicles also wear out after
becoming too hot due to friction hﬂtﬁlﬂeﬂ tyres and
road. %

Fig. 3.21 Rubbing hands

shooting of stars seenin the Hfj.' at night also happen due to friction of air.

These are actually asteroids thht enter the Earth's atmosphere. As they are
MOving, air resistance causes gﬁneratmn of heat. Their temperature becomes so
high that they start hurnmﬂnd ultimately disinfegrate.
= Co You Know?

On a-mﬂuad,ﬂmmtar does not form
wﬂiay&rﬂtﬂeﬁ the tyre surface and the road
surface duetuthespatﬁmthetredpa‘ttﬂn on

the tyre. This reduces the chances of skidding of
wechicles onwet roads,

Sliding Friction
The friction between two solid surfaces is called sliding friction which can
be divided into two categories.
1. Staticfriction 2. Kinetic friction




Static Friction F
Let us consider the motion of a block F, I

F=T
on a horizontal surface. The arrangement s i -
shown in Fig. 3.22. When a weight is put in
the pan, aforce F = T equal to the sum of this l mg

weight and weight of the pan acts on the
block. This force tends to pull the block. At Fig. 3.22

the same time an opposing force appears [0 0T
that does not let the block move. This Some frogs can cling
opposing force Is the static friction .. to a vertical surface,

such as this leaf,

if we go on adding more weights in friction betwe
the pan one by one in small steps, a stage will their feet
come when the block starts sliding on the Ssurface. .

horizontal surface. This is the limit of static friction that is equal to the total
weights including pan. When the block is 5IidTng. fﬂctlnn still exists. It is known as

kinetic friction.
Do You Know?

Wrien a shuttle re-antars the Eartis Sfmesphers, thie friction caused by the
atmosphere rases the surface termperature of the shuttle to over 950°C.

Terminal Velocity )

When an object falls fréely, it is accelerated by anamount g = 10 ms™. But
practically the acceleration.may be different. Air resistance plays an important
role in determining how fast an object accelerates when it falls,

ifwe drop; d¢ricket ball and a piece of Styrofoam of the same weight from
a cartain hmghgﬂ'm-_.r will hit the ground at the same time only rEthafeware PR air

resistance. Both would fall with the same acceleration
g =10 m s~ Practically, the ball in air, would drop faster.
The Styrofoam having larger surface would face greater
opposing force of the air and thus moves slowly.
Experiments have been made in this respect and
it was found that the faster an object falls the more air
resistance will be exerted on it. A speed is finally attained
at which the upward force of air resistance balances the
downward force of gravity. When this happens, the gy 323

object stops accelerating. It keeps falling at a constant A paratroopar falling with

b terminal velocity




velocity. This constant velacity achieved by an object is called its terminal
veiocity. Even a heavy object like a meteorite does not gain an infinite velocity as
it falls to the Earth.

This principle applies to paratroopers. Air resistance acting against the
largesurface area of a parachute allows for descent at a safer velocity (Fig.3.23).

Do You Enow?
Friction in human joints is very low because o
our bodies contain 4 natural lubrcating ‘*; ) 5
system, Consequently, though our bones Bones— . Lubricating
rub against each ather at the points as we ""‘\“} . Fhuid

move, yet bones do not normally wear out, .
evenafter many years of use, Knee joint |

Rolling Friction
The static and kinetic friction which we have shudied so far is the sliding
friction. There is another type of friction which i Bd; called rolling friction. When an
object rolls over a surface, the frH:h{m pmdu:: is calied rolling friction. The idea
of rolling friction is
associated with the Practically, the contact point is
concept of wheel. In our not perfectly'circular; It becomes |f
everyday life, we observe flat under pressure as shown in
that a body with wheels figure. This flat portion of the
faces less friction as . :ﬁﬂm“ﬂ“mﬁ tff"'dﬁ“ﬁ?;ﬂiﬂf
compared to a body of the: 3 T B
same size without wheels: “produces frictionalforce.
Ball bearings also playthﬁ same role as is played by the wheels. Many machines
in industry are desighed with ball bearings so that the meving parts roll on the
ball bearing and friction ks greatly reduced. The rolling friction is about one
hundred timessmaller than the sliding friction.

The reason forthe T r
rolling friction to be less  , povoreraft is o kind of shi
than the sliding friction 5 phat can move over 1h§
that there is no relative  5race of water and ground
motion between the hoth. Air is ejected
wheel and the surface underneath by powerful
over which it rolls, The fans forming a cushion of
wheel touches the & The hovercraft moves

surface only at a point. |t over the cushion of airwhich
doesnotslide. affers very small resistance.




Methods to Reduce Friction

The following methods are used to reduce friction:

it  The partswhich slide against each other are highly polished.

(i) Since, the friction of liguids is less than that of solid
surfaces, therefore, oil or grease is applied between
the moving parts of the machinery. e

(iiiy As rolling friction is much less than the sliding “=
friction, so sliding friction is converted into rolling Fig. 3.24
friction by the use of ball bearings (Fig. 3.24) in the machines and wheels
under the heavy objects.

(iv) Frictional force does not act only among sofids, high. spEEd vehicles,
aeroplanes and ships also face friction
while maving through air or water. If the
front of a vehicle is flat, it faces more
resistance by air or water. Therefore, the &=
bodies moving through air or water are
streamlined to minimize ar or wahr % :
friction. In this case, the air paﬁsﬂﬁ Fig. 3.25 Strearviine #ir ow cwer:
smoothly over the slanting surface of 3 speedy car
vehicle, This type of flow of air js known as streamline flow. A streamling
flow over the car is shown in Fig. 3.25. The vehicles designed pointed from
the front are said to be streamlined.

Suppose thata bicycla rider and a heavy truck are moving with the same
speed, which one ¢an be stopped easily, depends on the quantity of motion of
the moving body. It is our common observation that quantity of motion in a
maoving body depends on its mass and velocity, Greater is the mass, the greater
will be the guantity of motion. Similarly, greater is the velocity, the greater will be
guantity of motion. This guantity of motion is called momentum and denoted by
i Itis defined as:

The momentum of a moving body is the product of its mass and velocity.

Therefore, P i - (3.2)
Like velocity momentum is alse a vector quantity. The S| unit momentum 15
(kg ms™). It can also bewritten as (N s).




When a ball is hit by a bat, the force is exerted on the ball for a very short
interval of time. in such cases, it is very difficult to calculate the exact magnitude
of the force. However, initial velocity v, of the ball and final velocity v, after
collision can be found easily.

During a time interval At the average accelerationais given by

v _nh . @3)

At futy

According to Newton's second law of motion, the value of average force
acting during the interval A t will be:

AV
F = = —
ma = m )

Equation (3.4) shows that F and A f cannot h&'éﬁatﬂy known but their
product which is egual to the change of rnnmmum {mw, — mv) can be
calculated. Forsuch cases, the product F x ﬁtls cﬁlled as Impulse of the force,

When a large force F acts on an cbjectfura short interval of time, the impulse
of the force is defined as the tutabqhange in momentum of the object.

Dividing both sides of Eg.3.4 hyﬂgm F.'IE'hFE
_ midv)
Fors (3.5)

where mi{Av) is the mar%e.-ln momentum Ap. Equation (3.5) gives the value of
force in terms of mprn‘rem.im i.e, force acting on an object is equal to the change
in mun'l-enti..ln'mfﬂ"ie object per unit time.

. .
Fal e (3.6)

Equation (3.6} suggests to define Newton's second law of motion in terms of
momentum .8,

The rate of change of momentum of a
body is equal to the force acting on it

The direction of change in momenitum is that of the force.




Acricketer drawshis fhl Thearrow penetratesinto theapple,
hands back to || ¥’ and in response, the momentum of :
reduce the impact 0 @/ the appie changes. Conversely, the &

of the ball by ':-,:":- apple applies an opposing g

force to the arrow, and in

increasing thetime. <4l
& response, the momantum of the arraw changes.

Packing of Fragile Objects
Fragile objects such as glassware may break easily due tﬂ(

jerks or by the direct impact with hard objects during
their transportation. .
To pratect them soft, packing materials are used IEJ(E X = 4
these objects. These materials reduce the effect of quit .
changein momentum. Consequently, the force actlpgpﬁ the fragile objects
is greatly reduced. Special materials like Styrofoam, ¢orrugated cardboard
sheets, bubble wrap are used for the packing of such objects.

A crumple zone of an
automobile s a structural
feature designed to compress
during an accident to absorb.
deformation energy from the
impact. Typically, crumple
zones are located infront and
behind of the rhai'g body of
thevehicle, . ©

Crumple 20nies wnrh: by managing crash energy absorbing within the outer
parts of the vehicle, rather than being directly transritted to the occupants.
This is achieved by controlled weakling of outer parts (plastic bumpers, etc.)
of the vehicle, while strengthening of the passenger cabin,

Example 3.3

A bullet of mass 15 g is fired by a gun. If the velocity of the bullet is 150m 5™,
what is its momentum?

Solution

Mass of bullet = m= 15g =0.015kg
Fa |




Velocity of bullet
Maormentum
Usingthe formula, p = mv
Puttingthevalue, p = 0.015kg=150ms"
or p=225kgms’
Example 3.4

A cricket ball of mass 160 g is hit by a bat. The ball leaves the bat with a
velocity of 52 m 57, If the ball strikes the bat with a velocity of -28 m ™ (opposite
direction) before hitting, find the average force exerted on the ball by the bat.
The ball remains in contact with the bat for 4 x 107 s,

i
=
]
=k
L
=
3
u.‘.

Solution o
Mass of ball m=160g =0.16kg :
initial velocity v, =—28ms”" '
Final velocity v, = 52ms”

Time of contact t=4x107%s
Average force Fa?p
From Eq. (3.6), we have 3
F ="-"-i{!'l"'l_t‘_w':II %
Putingthevalues, 016 kg s2ms” - (-28ms™)
N A w10
or  F= 3200N

3.10 Principle of Conservation of Momentum

The collection ufmﬁjécts is known as a ‘system’. If no L

external force acts on any object of the system, itis 0 o

known as isolated system. Consider a system of two ™ ":: 3

balls of masses m; and m.. Suppose that the balis o

are moving with velocities v,and v. along a straight Q@

line in the same direction. If v, > v, , the balls will il TR
collide as shown in Fig. 3.26. If their velocities =k e
become % , and ¥, respectively after collision, then Q Q

Total momentum of the system before collision = mywy + mav; g, 3.26
Total momentum of the system after collision = mpd + mpie
The principle of conservation of momentum states that:

T2
L |




If no external force acts on an isolated system, the final total momentum
of the system is equal to the initial total momentum of the system.

Thils means that:

Total momentum of the
system before coliision system after coilision

or My + MV = mahy + mad;
To explain this principle, let us consider the collision of two identical balls

inwhich the sacond ball is at rest,
= v‘ =
When there is collision of two balls, thereis &— €& ¥==°
_E_..g .

a transfer of momentum from one ball to another.

The ball at rest gains momentum and starts

maoving whereas the striking ball slows down. If h J o= I
the balls are identical, we will abserve that there is 'ﬁ @ ="

2 total transfer of momentum. The striking ball : Fig. 327

comes to rest and the other ball starts moving with the same speed (Fig.3.27). It
means that second ball gains momentum equal to that lost by the first one. If the
first ball stops after collision, the second ball moves with the momentum of the

first ball. This suggests that the total. momentum of the two balls after collision
remains the same as total mnmeptq'l'i'l' before collision.

Total momentumn of the

The principle of conservation.
of momentum is applicable’
not only to macro-objects

but also for micmwb-njer.ts

like atoms and molécules,

Example 3.5

Seatbelts
When a moving car stops suddendy,
the pessengers move forward
toward the windshield. Seatbelts
prevent the passengers from
mowing, Thus, chances of hitting the
passengers against the windshiskd
or steering whael ara reduced.

A bullet of mass m, is fired by a gun of mass ma.. Find the velocity of the
gurt in terms ofvelocity of bullet vy just after firing.

Solution

Before firing, the veloaty of bullet as well as that of gun was zero.
Therefore, total mementum of bullet and gun was also zero. After firing, the
bullet moves forward with velocity v; whereas the gun moves with velocity vz,

7




According to law of conservation of momentum,

Total momentum before firing = Tatal momentum after firng
Putting the values, 0 = WV + My
MzVa = =My
ar
¥z = —::;ﬁ

The negative sign in this equation, indicates that the gun moves
backward, i.e. opposite to the bullet. ltis because of the backward motion of the
gunthat the shooter gets ajerk on his shoulder.

Example 3.6 )

A ball of mass 3 kg moving with a velocity of. Emﬂ" collides with a
stationary ball of mass 2 kg and then both of them movetogether. If the friction is
negligible, find out the velocity with which both the balls will move after collision,

Solution &

Mass offirst ball mEm =3 kg
Velodity of firstball before collision | “=w.=5ms’
Mass of second ball Y =m,=2kq

Velocity of second ball before collision  =w,=0
Velocity of both the balls aftercellision =v=7
Total mass of balls after collision =m, +m;
By law of conversion of momentum,
Total momentum before collision = Total momentum after collision
or v +m,v; = (M rmiv
Putting the values,
kgx5ms'+0 = (3kg+2kg)v
15kgms’ = Skgx=v

=3Iims'




A force s 8 push or 8 pull that starts, stops and changes the magnitude and direction
afvalociyofabody.

Acontact force is a forca that acts at the point of contact between twia objects.
Mon-contact force & a foroe between twootjects which ane not in physical oomtact.
Gravitational foree, electromagnetic foree, strang nuckear force and weak nuclear
force are the four fundamental forces in nature.

Every object in the universe attracts every other object with 2 force that & directly
proportional to the product of their masses and inversely proportional to the square
af the distance between them. This s known 23 Newton's baw of gravikation,

Menwton's Tirst law of motion states that a body continues its state of rest orof uniform
mation with the same constant velocity, uniess acted upon by :a:me rgt external
force.

The propecty of & body o maintain its siate of rest or of urqfﬂhri'nahm is called
irertsa, b

The second kew of motion states that when a net fmu:qu_il upan d bogdy, it produces
an acceleration in the direction of force and the magnitude of acceleration is directly
proportional to the force and is inversedy proporticnalto the mass.

The third law of motion skates that to m-eu}_'ah:liu.‘:ﬁ thaere & an aqual but apposite
reaction.

Action and reaction donet ackon the m:gbudybuta-:t an two different bodies.
Mass of & body Is the quantity of matter in it. It determines the magnitude of
acceleration produced when a force.acts on it Mass of a body does not vary. It isa
scalar quantity and itsunit is kilogram (k).

The weight of an object 55. qqu‘al ta the farce with which the Earth attracts 2 bedy
towards its centre, L

Force meterisa xmnﬁﬂﬁimﬁummtmat measures force in newtons M.

Frictionis E\ei‘_m;_aﬁaﬁtr-ds to prevent the bodies from sliding overeachother.

The resisting force between the two surfaces before the motion starts s called the
miﬂmaﬁ.ﬁammum valiee of the static friction is called limiting friction.

The frictish during motian Is called kinetic friction,

When a body moves with the Ralp of wheels, the friciion in this case 5 known as
redling friction. Rolling friction is much less as compared to the sliding friction,
Energy s wasted indoing work agairst friction that appears in the form ofheat,
‘When vpward air resistance batances the downward force of gravity on a falling
object, it falls down with constant (safe) velocity, it i called terminal velocity.

The product of mass and velocty of & moving body is called mamenturm,

The principle of conservation of momentum states that if no external force acts cnan
isolaved system, the final total momentum of the system is equal 1o the initial total
mamentum af the system.

Impuisa is defined as the product of F = A f = m » Av = total change in mamentum.
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3.1

3.2.

3.3.

al*i

3.5.

3.6.

3.7.

3.8

3.9.

Multiple Choice Questions

Tick (v') the correct answer.

When we kick a stone, we get hurt. This is due to:

{a) inertia (b)velocity () momentum {d) reaction

Anobject will continue its motion with constant aceeleration until:

(a) the resultant force on it begins to decrease.

(b} the resultant force onitis zero.

{c) the resultant force onit begins to increase.

{d)the resultant force is at right angle to its tangential velmrt;r

Which of the following is a non-contact force? _

(a) Friction {b}hrre&isl:ﬂmr_g-_; "

{c) Electrostatic force {d) Tensionin théi.tnng

A ball with initial momentum p hits a solic wall and bounces back with the
same velocity. Its momenturn g after l:ﬂllFSJQMHIH be:

@p'=p (B)F=-p (OF =2p (dip'==2p

A particle of mass m moving with ﬂ:'li'ﬂ-l@-ﬂli}" vcollides with another particle
of the same mass at rest. The velocity of the first particle after collision is:
(@ v (b} —v () 0. (d)-1/2

Conservation of linear mementum is equivalent to:

(a) Newton'sfirst law cfimotion  (b) Newton's second law of mation

() Newton's third lawdf motion  (d) None of these

An object with an‘hass of 5 kg moves at constant velocity of 10m s™, A
constanit force then acts for 5 seconds on the chject and gives it a velocity
of 2 m = inthe opposite direction. The force acting on the abject is:
(@5SHT T (bi-10N (@-12N  (d)=15N

A large force acts on an ohiject for a very short interval of time. In this case,
it is easy to determine:

(a) magnitude of force (b} time interval

{c) product of force and time (d) none of thesa

A lubricant is usually introduced between two surfaces to decrease
friction. The lubricant:

{a) decreases temperature {b) acts as ball bearings

{c) prevents direct contact of the surfaces  (d) provides rolling friction




3.1. What kind of changes in motion may be produced by a force?

3.2. Give5examples of contact forces.

3.3. An object moves with constant velacity in free space. How long will the
object continue to move with this velocity?

3.4, Defineimpulse of force.

3.5. Why has not Newton's first law been proved on the Earth?

3.6. When sitting in a car which suddenly accelerates from rest, you are pushed
back into the seat, why?

3.7. Theforceexpressed in Newton's second law is a net farce. Whyis it so?

3.8. Howcanyou show that rolling frictionis lesser than the 1lldm§ friction?

3.9, Defineterminal velocity of an object.

3.10.An astronaut walking in space wants to retum o hig apaceshp by firing a
hand rocket. Inwhat direction does he fire the rﬂﬁke’i:?

3.1 Two ice skaters weighing 60kg and 80 Eg';j'i‘ush off against each other on a
frictionless ice track. The &0 kg skater gainsa velodityof 4 ms ™. Considering
all the relevant calculations involved, explain how Newton's third law
applies to this situation. -

3.2 Inflatable airbags are installed I the vehicles as safety equipment. In terms
of momentum, what is the advantage of airbags over seatbelts?

3.3 A horse refuses to pplil'_"nf cart. The horse argues, "according to Newton's
third law, whatevet force | exert on the cart, the cart will exert an equal and
opposite force o me. Since the net force will be zero, therefore, | have no
chance of accelerating (pulling} the cart.” What is wrong with this
reasoning?,

3.4. When a cricket ball hits high, a fielder tries to catch it. While holding the ball
he/shedraws hands backward. Why?

3.5. When someone jumps from a small boat onto the river bank, why does the
jumper often fall into the water? Explain.

3.6. Imagine that if friction vanishes suddenly from everything, then what could
be the scenario of daily life activities?

)




3.1. Explainthe concept of force by practical examples.

3.2. Describe Newton's laws of motion.

3.3. Define momentum and express Newton's 2nd law of motion in terms of
change in momentum,

3.4, State and explain the principle of conservation of momentum.

3.5. Describe the motion of a block on a table taking into account the friction
between the two surfaces. What is the static friction and kinetic friction?

3.6. Explain the effect of friction on the motion of wehicles in context of tyre
surface and braking force.

3.1. A mkg blodk is placed on a smooth horizontal mﬂacmhhurimntal force of
5 Mis applied to the block. Find:
(a) the acceleration producedin the hratk.
(b} the velocity of block after 5seconds.  (0.5ms™® 2.5ms™)
3.2. The mass cf a person is 80 kg. What will be his weight on the Earth? What
will be his weight on the Moon? The value of acceleration due to gravity of

Moonis 1.6ms™, . (BOON, 128 N)
3.3. What force is required to m::rem the velocity of 800 kg car from 10 ms™ to
30ms”in 10seconds? . {1600 N)

3.4. A5 qgbulletis fired by,gr__gi.rﬁ, The bullet moves with a velocity of 300 ms™. If
the mass of the gunis 10 kg, find the recoil speed of thegun.  {~0.15ms™)
3.5. Anastronaut weighs 70 kg. He throws a wrench of mass 300 g at a speed of
3.5ms . Detefmine:
(a) the speed of astronaut as he recoils away fram the wrench.
(b} the distance covered by the astronaut in 30 minutes,
(-15%102ms", 27 m)
3.6. A6.5x 10" kg bogie of a goods train is moving with a velocity of 0.8 ms™.
Another bogie of mass 9.2x10° kg coming from behind with a velocity of
1.2 m s collides with the first one and couples to it. Find the common
velocity of the two bogies after they become coupled. (1.03rms")
3.7. Acydlistweighing 55 kg rides a bicycle of mass 5 kg, He starts from rest and
applies aforce of 90 N for 8 seconds. Then he continues ata constant speed
for another 8 seconds. Calculate the total distance travelled by the cyclist.
(144 m)
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3.8. Aballof mass 0.4 kg is dropped on the floor from a height of 1.8 m.The ball
rebounds straight upward to a height of 0.8 m. What is the magnitude and
direction of the impulse applied to the ball by the floor?

| {4 N's, upward)

3.9. Two balls of masses 0.2 kg and 0.4 kg are moving towards each other with
velocities 20 m 7 and 5 m s respectively. After collision, the velocity of
0.2 kg ball becomes 6 ms™. What will be the velocity of 0.4 kg ball?

Zms’)

O
&
2




G4 Turning Effects of Force

Student Learning Outcomeas

After completing this chapter, studants will be abls to:

= Differertiste between ke and unlike parallel forces,

= Apalyse problems involving turring effects of forces [Student should know that
moment of a force = force » perpendicular distance from the pivet and be abie to use
this in-smple probéems anc give examphes snd apolcations of lurrﬁqg wffects in real
life]

= Statewhatis meant by centra of mass and -:enl'rnufgm'lt:.r

= Describe how to determine the position of the centre ::efg:wn}.r of & plare [Emina
using a plumb line

. Describe and identify states of equiibrium. [This lnchdes the types, conditions and

states of equilibrium and identifing thelr mamg!:m{mm haily fife.]

= Analyse gqualitatively, the effect of the mlmﬂfﬂ! centre of gravity onthe stabifity
ofsimple objects

=  Propose how the stability of an u-‘r.‘ujgec't'can ke improved Tby lowering the centre of
massand increasing the base ares of the object]

«  IHustrate the applications of stability physics in real life [Such as this concept is central
To @ g neering l:eﬂmj{_wch asbalancing tovs and racing cars

*  Pradict quali:athﬁyl-i}frh'mﬁm of rotating bodies [Describe qualitatively that,
analogous 1o Nm;:tﬁri‘s 1st law for transnational motion {, an object that is rotating
witl ctmtmua-m do 5o at the same rate unless acted upon by a resultant moment (in
which {'ﬁ&i‘tvh:kld begin to accelerate ordecelerate its rotational motion)]

% m:[#qualnﬂmﬂy miction in a circular path due to a centripetal force, (Use of the
formula £, =3¢ )

= |dentifythe sources of centripetal force in real life examples {e.g., tension ina string
fara stone beirig swirled aroursd, gravity for the Moon arbiting the Earth]

As we know, a force is a vector guantity, s0 it acts in a particular direction.
We cbserve various effects of forces. Some forces produce acceleration or
decelerating in a body, some tend to turn it around a point and some forces
balance each other aching in opposite direchons.

All those forces which act parailel to one another are known as parallel
forces. The points of application of such forces may be different.



4.1 Like and Unlike Parallel Forces

if the parallel forces are acting in the same
direction, then they are called like parallel forces and
if their directions are opposite to one anather, they
are called unlike parallel forces. Three forces F,, F,
and F, are shown in Fig. 4.1 acting on arigid body at
different points. Here, the forces F, and F; are like
parallel forces but F, and F,are unlike parzllel forces. Fig. 4.1

4.2 Addition of Forces

in chapter 2, we have learnt about vectors and their representation.
Remember that the resultant is the same for any order of addition of vectors, As
forces are vectors, so forces can also be added by head-to-tail rule.

To determine the resultant of two or more fnr-::aaatﬂng in a plane, the
following example will explain its method.

Example 4.1 R

Let us add three force vectors F, F, and F having magnitudes of 200 N,
300 N and 250 N acting at angles nﬁiﬁﬁ 45°, 60° with x-avis. By mlecung a
suitable scale 100 N = 1 em, we cant'draw
the force vectors as shown in Fig. 4.2(a).

To add these vectors, we apply
head-to-tail rule as shown inFig. 4.2(h).

i

(4]

¥

Measured length of resultant force is 7.1 om. According to selecied scale, magnitude
of the resuitant force Fis 710 N and direction is atan angle 43° with x-axis.

Fig. 4.2 {a) y Fig. 4.2 (b)



4.3 Turning Effect of a Force

We have leamt so far that a net force affects the liner motion of an object
by causing it to -accelerate, Since rigid objects can also rotate, so we need o
extend our concept fo the turning effect of a force. When we open or close a
door, we apply force. This farce rotates the door about its hinge. This is called
turning effect of force, Similarty, we use turning effect of force when we open or
close a water tap. Let us define scme terms used in the study of tuming effect of 2
force.

if the distance between two points of the body remains the same under
the action of a force, itis called a rigid body.

During rotation, all the particles of the rigid body
rotate along fixed circles as shown in Fig. 4.3. The straight
line joining the centres of these circles is called the axis of
rotation. In this case, it is OZ. To observe the turning effect
of a force, let us perform an activity.

Activity 4.1 S

Take your dass to play ground where %
4 see-saw Is evailable. Let a lighter child sits
on the left side and the heavier one on the
right side of the see-saw. The distances of.
beth the childran from the pived should be'equal. The force exertied by each child is agqual to his
weight scting downward. Does the heavier chitd meve down? Yes, because he i exerting
larger force. Now move the heavier child nearer to the pivot and the lighter child away from
Thie pivat as shown in the figure: Ask the students what do they observe?

You will see that the see-saw tilts to the opposite direction and the lighter
child moves down. This shows that the turning effect of a force does not depend
only on its magn‘rti.:'de but also on the location where it acts, Therefore, we can
say that the greater the force, the greater is its turning effect, Moreover, the
larger the perpendicular distance of the force from the axis of rotation, the
greateris its turning effect.

The line along which the force acts is
called the line of action of the force.

The perpendicular distance of the line of action of a force from the axis

of rotation i known as moment arm of the force or simply moment arm.

The moment arms of both the children are shown in the figure of
activity 4.1. There are many other examples to observe the tuming or rotational
effect of a force. It is harder to opena door by pushing it at a point closer to the
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hinge as compared to push it atthe handle (Fig. 4. 4). That is why, door orwindow

.l.'!ﬂ“:ﬁ'f

handles are always installed at larger distances from hinges to
produce larger moment of force by applying less force. This makes
the doors be opened or closed more easier. Similarly, it requires
greater force to open a nut by a spanner if you hold it closer such as
point A than point 8{Fig.4.5). FI "

= A
Nut @T’Fw - —— ’6
; Fig. 4.5

Moment of Force
The turning effect of a force is measured by a
guantity known as moment of force or torque.

Moment of a force or torque is definad as the
product of the force and the moment arm. . O
The magnitude of torgue isgivan by ——84 DoYouKnow? f
7= Fxf (4.1} Mﬁmant of farce is

'ilpph‘:ah«!t in the warking

Where « (tau) is the torque and £ i5 . | of bottle opener. A small
the moment arm. In Fig. 4.6, the line of |force applied at longer
action of a force F is perpendicular tp 5 :m: l:rqui{ while
therefore, momentarm ¢ = r. Remember | openingabattle
that the torque of a force iszem_ﬁhen the line of action of a force passes through
the axis of rotation, becatse its moment arm becomes zero. The torque is
positive if the force tends fo produce an anticlockwise rotation about the axis,
and it is taken as negative if the force tends to produce a dockwise rotation. The
51 unit of torque isnewton metre (N m).

in many cases, the line joining the axis of rotation and point P where the
force F acts, is not perpendicular to the force F. Therefore, OP will not be the
moment arm for F. In such cases, we have to find a compenent of force F
perpendiculars to OP = ¢ (Fig. 4.7}, or we can find r the component of £ that is

perpendicular to the (line of action) fnrceF (Fig. 4.B).
[

Fig. 4.7 a1



For this, we need to know the method of finding rectangular companents of a
force or any vector. This is also called as resolution of Forces.
Couple

A couple is a special type of torque. We chserve at many situations in our
daily life, when two egual and opposite parallel forces produce torgue. For
example, while opening or closing a water tap,
turning key in the lock, cpening the lid of a jar and
tuming steering wheel of a motor car, we apply a

pair of equal forces in opposite directions. The
torque produced in this wayin known as couple,

Fig, 4.9

When two equal and opposite parailel forces act atitﬂu
different points of the same body, they form g@ml&.

While: turriing a vehide, a couple & applied on the steering. [ il
wheel, [t & nteresting to know that now-a-days, steering R
whesls of smaller diameter are instalied in vehicles. The reason I
i that, most of the vehicles are provided with power steering in - gl
which & pump pushes hydraulic fluid to redicethe force
| needed to tum the wheels, resulting in effortless steering,

Example 4.2

A spanner 25 cm long isused to open a nut. If a force of 400 Nis applied at
the end of a spanner shown inFig. 4.10, what is the torque acting on the nut?

| Steering wheel of vehicles | -
[

Solution :

Length of Spanner. ¢ = 25ecm=025m F
; F,:lﬂ{{;& = F=400N A - 1&
~Jorque t=? Fig. 4.10

From Eq. {4.1), t=Fxf

Putting the values, t=400N = 025m=T00Nm

4.4 Resolution of Vectors

By head-to-tail rule, two or more vectors can be added to give a resultant
vector. Its reverse process is alsa possible, i.e., a given vector can be divided into
two or more parts. These parts are called as components of the given vector. if
these components are added up, their resultant is equal to the given vector. To
divide a force into its componentsis known as resolution of a force.



Usually, a force is resalved into two
components which are perpendicular fo
each other. These are called its perpendicular
or rectangular components of the force,

Let us resolve a force F into its
perpendicular components. A force F acting
ona body atan angle Bwithx-axisis shown in
Fig.4.11(a). Imagine a beam of light is placed
above the vector F, As the light falls
perpendicufarly to the x-axis, it will cast a
shadow OAof vector Fontox-axis. Wecall
this shadow as x-compenent of vector F. In
the same way, if light is thrown perpendicular
to y-axis, the shadow OB of vector F on y-axis
isthe y-componentofF.

A component of a vector is its
effective value in a given direction. |

Beam of light

, A
,  Figdd%E)
Bl C
F Fr
."I.|..
¥ i} A .
aj F A
Fig. 4.11(8)

The x and y components canbe practically drawn simply by dropping
perpendiculars from the tip of vectorF ontoxand y-axes respectively, The
x-component of force F is denatéd as F,and y-component as ,

From Fig. 4.11(b), it is evident that F is the resultant vector of components
F.and F, Moreover, F, and F, dre perpendicular to each other. Therefare, F,and £,
are called perpendicular components of vector F.

The magnitudes of the perpendicular components can be found from the

right angled triangle OAC in Fig. 4.11(b).

— = cosh
O
Putting the values, F? = cos0
or F.=Fcost s (E)
AC .
Similarly, —— = sind
milarly e sin
F .
' —gind
F sl
or F,=Fsing .. .. (4.3}

4 DoVoukeowz

A tight rope walker balances hi
oy holding a bamboo stick: This is an

application of principle of momants.




For Your Informationt

C
Trigonometric Ratios
Trigonametric i5 & branch of mathematics that E
deals with the properties of 3 right angled triangle, A right wpff %
angbed trangle ABC i§ shown in the figure. Angle A is ;
denated by 8 (theta) called the angle of the right angled
triangle. Tha side AR is callad the base, the side BC is called F T »
the perpensdicular and the side ACTs cafled as hypatanuse. P [ ) m——y
The ratic of any two sides is given the names as below: = = o =
Perpendicular  BC i 3 ]
Hypotenuse ~ AC © o0 7 |5 | #F
=05 |=0866]=0577
Base  _ 8B _ cosined N4
Hypotenuse AL o | 2 (W 10
Perpendicular BT _ =i i By
Base A - DR .
For simplicity, sine 8, cosine 8 and tangent @ are || |=osss| =g | =086
writtan as sin 6, cos 0 and tan @ respectively, Values of || =
these ratios for some frequently used angles are given w10 i muﬂ'{q
the table. AN

~'-'

-~

4.5 Determination of a Force from its
Prependicular Companents

The magnitude and dirgction of a force can be found if its perpendicular
componants are known, ﬁgpl'jrihg Pythagorean theorem to the right angled
triangle OAC (Fig.4.11-b). .~

(0T = (oA + (AT
Or 7 4 F.i L F.i ¥ Fi

¥

F e rF:""F: ______ .{4—4}

Hence, using Eq. (44) the magnitude F of the required vector F can be
determinad. The direction of Fisgiven by

tai1 B = -FF:- el 4.5)

£

£ Ea tan’(22)

By using table of trigonometric ratios or calculator, the value of 8 can be
determined.



Example 4.3

A force of 160 N is acting on a wooden box at an angle of 607 with the
horizontal direction. Determine the values of its xand y components.

Solution
Magnitude offorce  F=160N T
Angle =60

Using calculator, sin® =sing0° = 0.866
cosB =cosb0*=05
¥-component is given by Eq, (4.2)

F enfl

F.=FcosB —
Putting the values, F,=T160N=0.5=80N o
y-component is given by Eq. (4.3) | Oy TN
F,=Fsin® i

Putting thevalues, F =160N«0B66="1386N

4.6 Principle of Moments

To understand the principle ofmamm Iet us perform an activity,

Activity 4.2
Balerce & mette rule on & wedge mts c-mtne of grawity such that the rmetre rube
stays horizontal. Suspend two weights w. :lmd W, on one side of the metre rule at distance 4,
and & from the centre ard a third n&iglﬁ y_; on the other side st distapce £ until the rule s
again balanced. L

LY ] o2 r
-"'1 L W, .“-':

'\"'._u_

The weaights w, and w, tend to rotate the rod anticlockwize about OG and the
weight w;, tands to rotate it clockwise. Thevalues of the maments of the weights are
W, x &, v, = £and w, x £, When the metre rule s balanced then
Total anticlockwise moments = Total clockwise moments

O A R T i4.68)
This s krvown &5 principle of moments, which is stated as
When a body is in balanced position; the sum of dodewise moments about
any point eguals the sum of anticleckwize moments about that point.

&7



Example 4.4

A metre stick is pinned at its one end O on a table so that it can rotate
freely. One force of magnitude 18 Mis applied perpendicular to the length of the
stick at its free end. Another force of magnitude 60N is acting at an angle of 30°

with the stick as shown in Fig.4.13{a). At what distance &0

frarn the end of stick that is pinned should thesecond o ¢

fDrCEaCtSLId'I .H..Iat thES’ﬂ-ﬂE dﬂ'ES mtmm? =TI Ii-E' -« BN T [ |
sﬂlllﬂﬂl'l Fiﬁ ‘.13{3] IB H

Weight of the stick does not affect in the horizontal plane. Resclving
force F of magnitude = 60 Ninto rectangular components thatact at distance

dfrumpr:-intﬂ: ). BN
= B0N=xcos 30°= 60N x0.866 =5196N :
F, = 60N=xsin30" = 60Nx05 =30N P
As the component F, passes through the axis- <——d'=10
of rotation, its torgue is zero. Torque T, of Eﬂ'ﬂ is Fig 4.13gn) BN
positive and T, of 18 N force is negative. The stick will not rotate when these two
torgues balance each others, e 'r,._{; o' F,x d=F,'« &
30N = d=18NxTm
d= 1BN *1m
_ 30N
4.7 Centre of Gravity and Centre of Mass
Anaobjectis compesed of alarge number of small particles. Each particle is
acted upon by the gravitational force directed towards the centre of the
Earth (Fig. 4.14-a). As'the object is smail as compared to the Earth, the value of g
can be taken as uniform over all particles. Therefore, each particle experiences
the same force mg. Since all these forces are parallel and act in the same
direction, so their resultant as shown in Fig. 4. 14(b) will be equal to the sum of all
these forces .ie,
Resultantforce =3 mg where 3 meansthe "sum of”,

Fig. 4.14{a) I . Fig. 4.14{b) I

Gravitational farce acting Resubant gravitational force
on various particles

= &6m



We know that the sum of the gravitational forces acting on all particies is
equal to the total weight of the object w = MgWhere M = Fm = massofthe

object.

Centre of gravity is that point where total
weight of the body appears to be acting.
it a body is supported at its centre of gravity, it stays there without
rotation. The centre of gravity of an object of reqular shape lies at its geometrical
centre. Centre of gravity of some geometrical chapesis givenin Table 4.1,

Table 4.1

Square, Rectangle Point of intersection of the diagonals
Iriangle Point of intersection of the medians
Round plate Centre of the plate—-
Sphere Centre of the sphere
Cylinder Centre of the axis
Metre rule Centre of the rod

Centre of Gravity of a Plane Lamina
For an irregular shaped plang laming, the centre of gravity can be found
by suspending it freely through different points (Fig, 4,15-a). Each time the object

is suspended, its centre of gravity lies on
the vertical line drawn frém the point of
suspension with the h:l'p of a plumb line.
The exact position. nfthe centre of g ravity is
at the point whene two such lines cross
each other a&_shuwn in Fig 4.15(b}). The
centre of gravity can exist inside a body or

outside the body asisin case of a cup. Fig. 4.15(a)  Fig. 4.15{b)

Centre of Mass

Newton's second law of motion is applicable to st

single particle or system of particles. Even when the
parts of a system have different velccities and
acceleration, there is still one pointin the system whose
acceleration could be found by applying second law. | Centre of gravity of a bawl
This pointis called the centre of mass of the system. I it Ve e )

Irregular shaped plane lamina




The centre of mass of a body is that point where the
whole mass of the body is assumed to be concentrated.

Hence, the centre of mass behaves as ifall the mass of the body or system
is lying at that point. In the Fig. 4.16 given below, a rotating wrench slides along a
frictionless floor. There is no resultant force on the wrench. Therefore, its centre
of mass, shown by ayellow dot, follows a linear path with constant speed.

Fig. 4.16: Rotating wrench sliding along afﬁtﬁunie%s-ﬂunr

On the surface of the Earth, where g is almost whiform, the centre of mass
of an object coincides with its centreof gravity.

4.8 Equilibrium

We have learnt how translatory aht rotational motion can be caused due
to the application of external forces. I"h:-w*we shall see how external forces can be
balanced to produce no translatmnal or —Jﬂ Do You Know? o
rotational effects.

We know that if a numbnrﬂf ﬁ)l’Cl“_'i- actona
body such that their resultart is zero, the body
remains at rest or continues to move with
uniform velocity if already in motion. This state N ia%
of the body is kaawn as equilibrium, which can | B e
bestated as;~, scene of equilibrium.

A body is said to be in equilibrium if it has no acceleration,

There are two types of equilibrivim:
(i) Staticequilibrium (i) Dynamic equilibrium

A body &t rest is in static equilibrivm whereas a body moving with uniform
velocity is in dynamic eguilibrium,

An example of static equilibrium is a book lying on the table as shiown in
Fig. 4.17. Only two forces are acting on it. One is its weight w = mg acting



downward and the other is F, the normal force that the
table exerts upward on the bock. Since the book is at rest
s, it has zero acceleration. Therefore, the sum of all the
forces acting on the book should be zerg, so that the
bookis said to be inequilibrium. Hence

Fo-w=0 Fig. 4.17
or F.=w Book is in static eguilibrium

This means that forces can act on a body without
accelerating it, provided these forces balance each
other,

An electric bulo hanging from the ceiling of a
room, 3 man holding a box, a beam held horizontal © <
against a wall with the help of a rope and a ha qg Fig. 4.18 et
weight (Fig. 4.18), are all examples of static equilib A::TI::”; o f"j'i‘;m”

A good example of dynamic equilibriuf is a =
paratrooper (Fig. 4.19). In a few second after the free
fall, the parachute opens and a I.i!:ﬁ"&- {ater, the
paratrooper starts descending with a.uniform velocity,
In this state, the force of gravity 'acting vertically
downward on the paratrmpgf‘ia balanced by the
resistance of air on the parachuﬂtef acting upward.

4.9 Conditions of Equilibr:um

There are two conditions of eguilibrium:
First Condition of Equilibrium
By Newton's second law of motion, F=ma
ifthe body is in translational equilibrium, then a =0,
therefore, net force Fshould be 0 or FF=0 .....{4.7)
This is the mathematical form of the first :
condition of equilibrium which states that: ﬁmmmﬁ
dynamic equillbriam,
A body is said to be in translational equilibrium only if the vector
sum of all the external forces acting on it is equal to zero.

In case a number of coplanar forces F,, F;, F,, ... having their resultant
equal to F, are acting on a body, these can be resclved into their rectangular
81
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A parstrooper is in dynamic equilibrium
Fascinating Freefall




components, and first condition of equilibrium can be then written as:

Along x-direction, F+F,+F +.. =0
or TE=0 . (4.8)
Similarly, along y-direction,
Foot Pt Pt ... =0
or FEED o (4.9)

Thus, first condition of equilibrium can also be stated as:

The sum of all the components of forces along x-axis should be zero and
the sum of all the components of forces along y-axis should also be zera.

Second Condition of Equilibrium .
The second condition of equilibrium implies to the ratational equilibrium
which means that the body should not rotate under the action of the forces.
Consider the example of a rigid body in Fig.4.20. Two forces F, and F,of
equal magnitude are acting on it In case (a), both the forces act along the same
line of action. ' “

=
F

@) g 420 )

In case (b), the lines.af ‘action of the two forces are different. Since
magnitude of F, and F, areaqual, so the resultant force is zero in both the cases.
Thus, first condition of equilibrium is satisfied. But you can observe that in case
(b). the forces are forming a couple which can apply torque to rotate the body
about point O, Therefore, for a body to be completely in equilibrium, a second
condition is. also required. That is, no net torque should be acting. This is the
second condition of equilibrium which can be stated as:

The vector sum of all the torques acting on
a body about any point must be zero.

Mathematically, we can write: =0 ek 10)
Hence, a body will be In complete equilibrium when,
3F,=0
3F=0
And Sc=0

a2



Solving Problems by Applying Conditions of Equilibrium
The following steps willhelpto solve problems by 4 Do Yeu Knew?

applying conditions of equilibrium. _ iy

1. Firstofall select the objects towhich Eqs. (4.8), / 5
and (4.9} are to be applied, Each objectshould. | o \"‘.
be treated separately. | A l

2. Draw a diagram to show the objects and, &
forces acting on them. Only the forces acting] e t baancing
on the objects should be included. The forces] have a low mass.

which the objects exert on their environment should not be included.
3. Choose a set of x, y axes such that as many forces as possible lie directly
along x-axis or y-axis, it will minimize the number -:-f Fﬂrf.es to be resolved

inte components.

4, Resolve all the forces which are not pafallel to eﬂhﬂr of the axes, in their
rectangular components.

5 Apply Egs. (4.8) and (4.9) by putting 3F,= 0 and ¥ F, = 0 to get two
equations. :

6. If needed, apply Eq. (4.10) by putting Et - 0 to get another equation,

1. The equations can be solved EllTHJIlHI'IEELIS to find out desired unknown
guantities.
Example 4.5
A picture is suspended by means of two T 1™

vertical strings as shown in Fig 4.21. The ale20cm 5 30cm Jp

weight of the picture is'5 N, and it is acting at
its centre of gravity. find the tension T. & T.in
the two strings.
Solution
Totalupward force =T, 4+ T,
Total downward force=w=5N ! Fg.an
Tensionsinthestrings, T, =7 and T, =7 w
Since, there is no horizontal force, so 3 F, =0
Already 3F=0
Putting 2F=0

T,+T, ~w=0 LSRR TR | |
Apply ¥ 1 =0, selecting point B as point of rotation. Here, torque 1,of T, is



negative whereas torgue 1, of w is positive about point B, T, produces zero
torque as it passes through the point of rotation. Hence,

té g T? = D
or w=xBO -—T,xABR =0
putting the values, wxlZ2m -T,x04m =0
or SNx02m =T, x04m=0
EN=02m _
ar TI .Ta ﬂ.-d m =, E.E N

Putting the value of I, and w in Eq. {i), we have
25N +T,-5N=0
T,=25N

4, 1I] States of Equilibrium

An object is balanced when its centre of mass and rlipuit‘-t of support lie on
the same vertical line. Then forces on each side are balanced, and the object is
said to be in equilibriurn, There are three states of equilibrium in connection with
stability of the balanced bodies. -

Stable Equilibrium

A body is said to be in a sﬂe ul"s’cable equilibrium, if
after a slight filt, it mn‘ﬂ&back to its original position.

Stable equilibrium occurs when the torques arising from the rotation (tilt) of
the uhjectcmﬂpelthebndypa_ﬁ&'tbw&rdi its equilibrium position.

The cone shown in Fig 4.22{a) is in the state of stable equilibrium. Its weight w
acting downward at the' centre of gravity
G and the reaction of the floor F, acting
upward, lie on the same vertical line.
Since these forces are equal and in
opposite direction, so they balance each
other and both the conditions of
equilibrium are satisfied.

As you try to push over the cone slightly, its centre of gravity is raised but it

ill rernains above the base of the cone. The weight w and the normal force F, do
not remain in the same line but act like two unlike parallel forces, The cone does
not remain in equilibrium, Uniike parallel forces produce a clockwise torque
which brings the cane back to its original position. 1t is worth noting that the
body remains in equilibrium as long its centre of mass lies within the base,




Unstable Equilibrium

Try to balance the cone on its tip. It is balanced for a moment because w and
F, lie along the same line. Even it is slightly tilted, it will not come back to its
original position by itself. Rather it will fall downward, because its centre of mass
no longer remains above the base. It
topples over, because line of action of wno

longer lies inside the base O (Fig. 4.23).In 8

this case, centre of gravity is lowered on -

tilting and continues to fall further. It o)

cannot rise up again because the (=) |F. b} v,
anticlockwise torgue produced by w ﬁg"'ﬂ-

moves it further downward.
A body is said to be in a state of unstable equ:lrbnum;ﬁ after a slight
tilt, it tends to move on further away from its uﬁ"g%ﬁal pesition.

MNeutral Equilibrium
A cylinder resting on a horizontal surface’ {Flg 4.24) shows the neutral
equilibrium, if the cylinder is rotated 5I|ghtly, there is no force or torgue that

brings it back to its original position or moves it away. As the F
cylinder rotates, the height of the centre of mass remains E g
unchanged. In any position of thecylinder, its weight and .
reaction of the ground lie in the same vertical line. w Fig. 4.24
A body is in neutral Bauilibrium, if it comes to rest in its new
position after disturbance without any change in its centre of mass.

Other examples of neutral equilibrium are a ball rolling
on a horizontal surfaces, or a cone resting on its curved
surface (Fig.4.25). Fig. 4.25

4.11 Improvement of Stability

It is our daily life cbservation that a low armchair is more stable than a high
chair because of its low centre of gravity. The
position of centre of gravity is very important when ||
we are talking about stability. A bus can be stable or |
unstable depending on how it is loaded. If the heavy
loads are placed on the floor of the bus, its centre of
gravity will be low. Now if it is disturbed slightly, a |2
torque will bring it back to its original position. “jﬂ;‘;‘fﬁﬁ;‘;ﬁ;““
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In this case, the bus is in stable equilibrium. If the same bus is loaded with
stes| sheets on the top, the centre of gravity be raised. [t is now near to astate of
unstable equilibrium, A couple will turn it over if it is slightly tilted. The same is the
case of ships and boats. We can improve the stability of a system either by
lowering the centre of gravity or by widening the base.

Interesting Information! w 1‘
¥ H ¥

An unstable equiibrium is Blustrated in this
;" ]

figure, & chair in romal position s quite
stabie (Fig. a) but it has been tumed into an
unstable pasition by tilting it back on its legs
(Fig. b). In this tilted position, & couple is
formed by its waight w and reaction F, of the
ground. This clockwise couple tends to
overturn chair bacioaard, {5}

e

4.12 Application of Stability in Real Life

The concept of stability is widely apphe-d to engineering technology
especially in manufanurlrag racing cars and balancing toys.

As the racing cars are driven at very high speeds and also there are sharp
turns in the track, therefore, the chances the cars (o topple over increase. To
enhance the stability of racing cars, =t_ha-fr centres of mass are kept as low as
possiole. There base areas are also increased by keeping the wheel outside of
their main bodies. Balancing toys are also very interesting for both children and
elders. Look at some balancing toys shown belows.

- - .
v
i ¥ *
\

.‘-‘- o
§ &
{a} k) (e}

Fig. 4.26: Balancing toys
The physics behind these types of toys is that stability is built in with
balancing tovs. These toys are basically in completely stable state and their
centras of gravity always remain below the pivot point. If the toys are disturbed in
any direction, the centre of gravity is raised and it becomes unstable for a
moment. it comes back to its initial stable position by lowering its centre of

gravity.




The kids learn from these toys about stable systems and how they return to
their state of initial rest position after being disturbed, Educational games on the

basis of balancing toys have also been developed for the kids as
shown in Fig 4.27,

Interesting Information!

To enhance the
stability ef a
raceng car, its
& | |centreof massis
| |kept a2 low as
possible. s
base area is also jncreased by keeping its
wheels outside of its main bodis.

Fig, .27
Rotational Motion Versus Translatinal Motion

Counterparts of velocity, acceleration, force and momentum in
translational motion are angular velocity, angular aceeleration, moment of force
(forque) and angular momentum res;:er:hw_lym rotational motion. i suggests
that the torque plays the same role in the rataticnal motion that is played by the
force in the translational motion. Therefare, we are justified to predict that
analogous to Newton's first law of motion, a rotating object will continue to do
so with constant angular velocity tinless acted upon by a resultant moment
(torque). However, if a resultant torque is applied to rotating object, it will
accelerate depending on the direction of the torque relative to the axis of
rotation.

This fundamental principle enhances our understanding how objects
rmove and interact with their environment whether in linear or rotational motion
SCENarios.

Motion in-a Circle

When a body is moving along a circular path, its
velocity at any point is directed along the tangent
drawn at that point. Figure 4.28 shows that the direction
of tangent at each point on a circle is different,
therefore, the velocity of an object moving with uniform
speed in a circle is changing constantly. Hence, a force
perpendicular to the direction of motion is always Fig. .20
required to keep the object moving with uniform speed in a circular path.

a7



It should be noted that F is essentially perpendicular to v, For an instance,
ifitis not perpendicular to v, the force F will have a component in the direction of
v. This will change the magnitude of velocity. As the body mowves with constant
speed, 50 it is possible only if the component of force along wis Feos 907 = 0,

4.13 Centripetal Force

We have studied above that an object can move in a circular path with
uniform speed only if a force perpendicular to its velocity is acting constantly on
it. This force is always directed towards the centre of the circle. It is called
centripetal force and can be defined as:

The force that causes an obiect to move in a drdeat.
constant speed is called the centripetal ft:in;e,";f

For an object of mass m moving with uniform spe&dir in circie of radius r,
the magnitude of centripetal force F, acting on it can be calculated by using the
relation: P =1

Fal IS

Exampile 4.5

A 150 g stone attached to a String is whirled in a horizontal circle at a
constant speed of & m s”. The length-of string is 1.2 m. Calculate the centripetal
force acting on the stone. Negl_n_eqt;éﬁecl:s of gravity.

Solution 2
Mass of stone =m = 150g = 0.15kg
Speedof stone =y = 8ms”

Radiusofcircle =r = 1.2m
Centripetal force = F.=7

Using Eq.4.11, ﬁ:mT*""’
Putting the values, F= ‘]_LE_QI_’E;J&T &N
Sources of Centripetal Force . 1V

We have leamt that centripetal force has to be
supplied if the body is to be maintained in it circular
path. What could be the sources of centripetal force? Fig. 4.29¢a)

= A stone whirded in a circle by a string



If we tie a stone to one end of a string and whirl it from the other end, we
will have to exert a force on the stone through the string (Fig 4.29-a). If we release
Q

the string when it is at any point P, the stone will fly
off along the tangent (PQ) to the cdrcle. Then, it will
mave along the same straight line with constant
velodity unless an unbalanced force acts uponit.

In fact, the tension T in the string was
providing the stone the necessary centripetal force
to keep it along the circular path (Fig 4.29-bj).
When we release the string we stop applying force
onthe stone and hence it moves in a straight line.

Mow consider the case of the moon which
maves around the Earth at constant speed. The

gravity of the Earth provides the necessary,

centripetal force to keep it in its orbit. Same is the
case of satellites orbiting the Earth in circular paths
with uniform speed. The gravitational pul! nf the
Earth provides centripetal force,

One of the real life examples is a washing
machine dryer. A dryer is a matallic cylinderical
drum with many small holesinits walls. Wet clothes
are put in it. When the oylinder rotates rapidly,
friction between clothes-and drum walls provides
necessary centripetdl force. As the water molecules
are free to move:so they cannot get the required
centripetal force to mowve in circular paths and
escape from the drum through the holes. This
results into quick drying of clothes.

Another interesting example is that of a
cream separator. In a cream separator, milk is
whirled rapidly.

Fig. 4.20
A satellite orbiting the Earth

Fig. 4.31

Cream seperator
Fig. 4.32



The lighter particles of cream experience less centripetal force and gather
in the central part of the machine, The heavier particles of milk need greater
centripetal force to keep their circular motion in circles of small radius r. In this
way, they move away towards the walls.

« |f tha paralie| forces are acting in the same direction, then they are called like paralled
forces and if they are acting in opposite directions, they are called unfike paratiel forces.

= Afarcewhichis egual to the sum of &l the foroes sknown as resuitant force,

« Thelinealong which the forceacts is called the Ene of action of the force.

» The perpendicular distance of the line of action of a force from the axis of rotation is
known as momentam of the force.

« The torgue or moment of & force is defined as the product of the furctn*i:ttm moment
arm,

» When two equal and opposite, pamllelfnrcesactattwadrﬁemﬁm-uftheﬁmehudr

they forra couphe.
»  The cenkbre of gravity i a point inside or outzide the h;u-l:h!ht wh‘ir:h thewholeweight of the

body iz acting.

+  Thecentrs of mass ofa body ﬁﬂﬂtpﬁhﬂ\ﬂur&tmmﬁe mass of the body s assumed to
be concenirated.

= Abedyissaid o be inequilbriumif it has nnat;&eraam

« A bodywill bein transtational equilibriym uml:.r if the wector sum of gll the external forces
acting onit is equal to zero, Thisis called first condition of equilionur. The vector sum of
all the torques actingona hndyabwfﬂ'craﬁi shiould be zero, This s second condition of
equilibrium,

« ‘Whenabodyisin equilbﬂulmlha sum of clockwizse moments about any point 2quals the
sumn sfanticlockwise maments sbout that paint.

. A hud}'issaidmbninp;ﬁqhufstablaaquih'hn; if after a sfight tilt, it comes back to its
original position, 3

« A body is said to'be in a state of unstable equilitrium, if after a slight tilt, it terds to move
on further mﬁygmllﬁmml pasition.

= A body isin nsutral equilibrium, if it comes bo rest in its new position after disturbance
without amy change inits centre of mass.

» Analogous to Mewton's first law of motion in a straight line. a rotating obiect will continue
to dosowith constant angularvelocity unless acted upon by a resubtant moment of force.

o The force thal causes an-object © move in a crcle at constant speed ks calfed: the
centripetal forca.
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4.1.

4.2,

4.3.

4.4,

4.5,

4.6.

4.7.

4.8,

Multiple Choice Questions
Tick {v") the correct answer.

A particie is simultaneously acted upon by two forces of 4 and 3 newtons.
The net force on the particle is;

(a) 1N (b)between 1Nand7N (5N ()TN

A force F is making an angle of 60° with x-axis. Its y-component is equal
to:

(@aF (b} FsinG0" (c) F cosB0® (d) Ftans0®
Moment of force is called: ~

{a) momentarm {b) couple (c) couplearm_ Id) torque

If F, and F,are the forces acting ona body and « isthe torque produced in
it, the body will be completely in equilibrium, when:

(a) SF=0and 1= 0 (b) 3F=0 and Fx« 0

() SF#0 and F1=0 (Y. $F%0 and F1= 0

A Shopkeeper sells his articles by,q balance having unequal arms of the
pans. If he puts the weights.in'the pan having shorter arm, then the
customer; 3

{a) loses (b) gains " {c) neither losesnorgains  (d) not certain

A man walkson a t]g_h{jrﬁpe. He balances himself by holding @ bamboo
stick horizontally. it is an application of:

{a) law of mn_mia'ﬁnn of momentum

(b) Newton'ssecond law of motion

ic) prit_‘t-‘;iﬂi‘afuf moments

(d) Newton's third law of motion

in stable equilibrium, the centre of gravity of the body lies:

{a) at the highest position {b) at the lowest position
{c) at any position {d) outside the body
The centre of mass of a body:

(2] lies always inside the body

(& lies always outside the body

(c) lies always on the surface of the body

{d) may lie within, outside or on the surface
101



4.9. Acylinderresting onits circular baseis in:

{a) stable equilibrium (b} unstable equilibrium
{c) neutral equilibrium fd) none of these

4.10. Centripetal force is given by:
(@) F (b) rFcost @ "’—r“’t @ O

B Short Answer Questions

4.1. Definelike and unlike parallel forces.

4.2, Whatare rectangular components of a vector and their values?

4.3. Whatistheline of action ofa force?

4.4. Define moment of aforce, Prove thatt = rfsing, where § mﬂngle between
randF.

4.5.  With the help of a diagram, show that the resultahfiarce is zaro but the
resultant torque is not zero,

4.6. Identifythe state of equiliorium in each casem the figure given below.

Y

L

rl_ %
(&)

() P~ 2

4.7. Give anexample of ttl‘ehbudf which is moving yet in eguilibrium,.

4.8. Definecentre of mass and centre of gravity of a body.

4.9. What are two basic principles of stability in physics which are applied in
designing, _I-_:l&_lancmgtws and racing cars?

4.10. How canyou prove that the centripetal force always acts perpendicular to
velocity?

4.1.  Acartravels at the same speed around two curves with different radii. For
which radius the car experiences more centripetal force? Prove your
dliSWer.

4.2. Aripe mango does not normally fall from the tree. But when the branch of
thetreeis shaken, the mango falls down easily. Can you tell the reason?

4.3. Discussthe concepts of stability and centre of gravity in relation to objects
toppling over. Provide an example where an object’s centre of gravity



4.4,
4"5‘

affects its stability, and explain how altering its base of support can
influence stability.

Why an accelerated body cannot be considerad in equilibrium?

Two boxes of the same weight but different heights are lying on the flocr
of a truck. If the truck makes a sudden stop, which box is more likely to
tumble over? Why ?

D Comprehensive Questions

4.1.
4.2

4.4,

Explain the principle of moments with an example.

Describe how could you determinge the centre of gravity of an irregular
shaped lamina experimentally.

State and explain two condiions of eguilibrium. L)

How the stability of an ohject can be improved? Elwafew examples to
SUpport your answer.

E MNumerical Problems

4.1

A force of 200 N is acting on a cart atan-arrgle of 30° with the horizontal
diraction. Find the x and rcnmpqgéht_s ofthe force.
< (173.2 N, 100 N}

A force of 300 N is applied perpendicularly at the
knob of a door to open it-as shown in the given
figure. If the knob is 1.2 m away from the hinge,
what is the torque-applied? Is it positive ar
negative torque?’ i F
- (360 Nm, positive) I i

Two wesght!am hanging from a metre rule at the

pnﬂtmsis shown in the given figure. if the metre
rule is balanced at its centre of gravity (C. G), find

the unknown weight w. {3N)

a4
-

| 40 cm

F

30cm I




4.5

4.6

4.T:

4.8:

4.9:

4.10:

A see-saw is balanced with two children sitting near either end. Child A
weighs 30 kg and sits 2 metres away from the pivot, while child B weighs
40 kg and sits 1.5 metres from the pivot. Calculate the total moment on
each side and determine if the sea-sawis in equilibrium, (60 N}

Acrowbarisusedtolifta boxasshownin
the given figure. If the downward forceof |
250 N is applied at the end of the bar, 1
how much weight does the other end
bear? The crowbar itself has negligible
weight. (1500 N}

A 30 cm long spanner is used to open the nut of a_éat. If the torque
required for it is 150 N m, how much force Fshnuld ‘be applied on the
spanner as shown in the figure given below.

E.¥-
== “-tL (500 N)

A5 M ball hanging from a rope is pulled td the right e
by a horizontal force F. The repe makes an angle of
60" with the ceiling, as shown incthe given figure. T
Determine the magmmﬂe of fﬂh:e F and tension T
in the string. ) A, [T 1

| (29N, 58N)
A signboard is suspénded by means of two steel 1, T,
wires as shown inthe given figure. If the weight of ——
the board js.200 N, what is the tension in the e
strings?+ (- (100N, 100 N) [
One girl-of 30 kg mass sits 1.6 m from the axis of a lznow

see-saw. Another girl of mass 40 kg wants to siton
the other side, so that the see-saw may remain in
equilibrium. How far away from the axis, the other

girl may sit?

(1.2 m)

Find the tersion in each string as shown in the

given figure, if the block weighs 150 N,
(B6.6 N, 173.2 N) e

o



Work, Energy And Power

Student Learning Dutcomes
After completing this chapter. students will be able to:

»  Dehinework done:

= Use the equation work done = force =
distance mowved in the direction of the
force W= F x dtosole problems

= Defineenergy as the ability todo work:

= Explain that energy may be stored [Such
as in gravitational poterial, chemical,
elastic (strain), nucleas, elactrostatic, and
irternal (thermal) energies] :

*+ Prove that Kinetic Energy=+ mv' [use of  [EREES
equations of motion not needed; proof P
through kinematic graphs will suffice|

* Prove and use the formula for
gravitational potential energy

+  Liva the formulas for kinetic and gravitational pﬂt&mrdlﬁmrgy to sobve problems involving
simple snergy conversions [make use of the Eonversion of enengy from one farm to the
other, including casesinvaiing loss of maﬁj&ﬂ&ﬁm surroundingst

= [Describe how energy is transferred and stored during events and processes [eg. work

done during transfer by mechanical 'm:f@une;. electncalworkdone, and heat]

State and apph-'ﬂwpnnnp}anﬂrum{\smﬂnnafmﬂgy

Justify why perpetusal mgrma\ﬂ:@msdnnutmrh

Differentiate between and listrénewable and non-renewable energy sources

Deseribe how useful energy. may be obtained from natural resources [including the casss

of {2} chemical arm'gyﬁml'&d in fossil fuels, (b} chemical energy stored in biofuels, ()

hydroelectric reso . {d) solar radiation, {e) nuclear fuel, (f} geothermal resources, (g}

wind, () tides, ‘wﬂu in the sea while including referances to a boiler, turbine and

gererator ey are used]

» Describe Sdvantages and disadvantages of methods of energy generation [limited to
whether it is renewable, when and whether it is available, and its impact on the
emironment]

» Define and calculate power [As work done per unit time and also as energy transferred per
unit tima. This also indudes applying the eguations: (2) power= wark done/tirms taken F =
Wit {B) power = energy transterred/time taken

* Dafine and calculate efficdency [including: (a) (36) effidency = {useful energy oulput)/Ttotal
energy input) [ x 100%;} (b} (%) effidency = (useful power output)/{total power input) ([ x
100%:]

+  Apply the concept of efficlency to simple problems involving energy transier

«  State that a system cannot have an efficency of 100% due to unam]_dahlt anengy losses
that ooour.

" & &



Work and energy are important
concepts in physics as well as in our everyday
life. Commonly the word 'work' covers all sort
of activities whether mental or physical. If a
girl is studying (Fig. 5.1) or a man is standing =
(Fig. 5.2) with a load of bricks on his head, we
say that they are doing work. But according to
physics, work has a specific definition. Work is
said to be done when a force acts on an object
and mioves it through some distance.

The concept of energy is closely associated with that of
work, when work is done by one system on another,
energy is transferred between the two systems. e 4

In this chapter, we will define work, energy, pmi
and efficiency and show how they are related to ﬂHE
another.

Force and distance are two essential e[auﬁrﬁs.ﬂf work. When a constant force
acting on a body moves it through sa;nedistanca,wesa:.rmat "the force has done
work', -

Workis defined asﬂagpfuducmfnugrmde offorce

and the dlstanl:{gbvered in the direction of force.

Consider a blﬂchdf wood lying on a
table {Fig. 5.3). If we mﬂ a force F on the

block to move it gh a distance § in the
direction of fnrp:;x- n the work W done by
the forceis:

Work = Magnitude of force = Distance

or W=FxS 5.1

From Eq. (5.1}, it can be concluded that if some force is
acting on a body but there is no displacement, then no
work is done, For example, a man is pushing hard a wall
bist the wall remains fixed in its place. In this case, the man
is doing nowork (Fig. 5.4).

Similarly, if a force acting on the body is zero and the body
is moving with uniform velocity, work will be zerg,

AsF=0 s0 W=0x5=0




What will be the work done when a force is
acting on a body making an angle © with the

direction of motion? In this case, work is done ﬁ

F F
due 1o the component of force which is acting .F{_-Djé. i‘—g—;i
along the direction of motion (Fig. 5.5), Fig.55

Resolving the force Finto its components, we have
the component F cost that acts in the direction of motion. Therefore,
W={FcasH) 5
or W=Ficos8....(52)
IfBisrero, cos 0 = 1, then
W=F5(1)=F8

This Is the case when force and distance covered
are in the same direction. Now [f 8 = 90°, then Tfersed S
cos 90° = 0 which means the force has zem_.(\ vi
component in the direction of motion. Thus, . i~
W=F5{0)=0

This is the case when force is perpendicular
to the displacement. Look at Fig. E;_.E;_ it suggests _ _
that if a person carries a bag to some distance, this S ="
work is zero, because the force applied to hold the Flg. 5.6
load is upward which is perpendicular to the displacement.

The work done tapush an object is the same whether the object moves

north to south uraﬁgtﬁ'wﬁt provided the magnitude of force and the distance
moved are not changed. Work does not convey any directional information, so it

is a scalar quantity.
Calculation of Work Done by Graph
When a constant force Factsthrough adistance §,  Ppezossossessseees Eq
the event can be plotted on a force-distance graph as Shaded ares
shown in Fig. 5.7. If the force and distance covered are in wark done |
the same direction, the work doneis Fx 5. Forc :
Clearly the shaded area in the figure isalso Fx 5. © P
Hence, the area under a force-distance curve can be * 3 >
taken to represent the work done by that force. Fig- 5.7

1or



Units of Work

The Sl unit of worik is joule {J).

One joule work is done when a force of one newton acting on a body
moves it through a distance of one metre in its own direction.

FromEq. (5.1}
1l=TNx1m
or 1l=Nm
Biggerunitsarealsousedlike 1k=10'J and 1MI=10%)

Example 5.1 b,

A person does 200 ) of work in pushing a carton H’lmugh a distance of
5 metres. How much force is applied by him? .

Solution
Work done W=200) P ~
Distance S§=5m g,
Force F=? W w -,
FromEg. (5.1) W= FxS or 5
Putting the values, we get )
F= 200J E 40N
Smi
Example 5.2 o
Find the work dane by a 65 N force in pulling the suitcase (Fig. 5.8 fora
distance of 20 metres,
Force applied F =65N
Distance covered 5=20m
Anglefromthefigure 8 = 30°
Work W=7
Using Eg. 5.2,
W = FS cos 30° T

W=65N=20m=0.866
W=11258Nm = 11254]



Our body cannot move unless we have energy
from food. A car would not run without the energy it
obtains from burning fuel. Machines In the factories
cannot run without censuming energy supplied by
electricity. Any change in motion requires energy. When
we say that a certain body has energy, we mean that it
has the ability of doing wark.

Energy can be defined as the ability of a body to do work,

A stretchaed bow slores
energy, which is
transferred to the arow
When somecne does work, energy of the body  as it Some bows

has to be spent. In fact, energy is transferred to the body @ eNangy

AN AFTOW BVER

on which work is done. In other words, the energy is s
transferrad from one systerm to another. For example, | & I

when you do work pushing a swing, chemical ene '_qnnr;,mur body is transterred
to the swing and appears as energy of the motion of the'swing.

Like wark, energyis a scalar quantity. Its Slunitisjoule (J).

When one joule work is done on a body, ,t.lﬁgm::m ntof energy spent isone joule.

There are many forms of energy. Electrical energy, chemical energy, nuclear
energy, heat energy and light energ?,i:ja'i"ﬁ some well-known farms which we shall
study |ater on. There are two basic forms of energy:

(i) Kineticenergy -

(i) Potential energy

The combination Elfjﬁé‘ie two types of energies is called mechanical energy.

Kinetic Er@'

The kinetic energy of a body is the energy
that a body possesses by virtue of its motion.

To find out how much kinetic energy a moving body possesses, an opposite
force canbe applied on the body to stop its motion, Then the work done by
the force will be egual to the kinetic energy of the body. i.e., Kinetic energy
(E.) =Work done (W)

Suppose a body of mass m is moving with velocity v, An opposing force F acting
onthe body through a distance 5 brings it to rest. Then,



£, =Workdone=Fx5

hsF=nmand$=w,.,x?;m={a"—§—u}t=%xi mﬁl"
ponce &= max % = 3 mac i
Using velocity-time graph (Fig 5.9), the acceleration o 3
‘8’ is given by i e time {5} —»
g bb"tﬁﬂﬂﬁ Fig. 5.9
Hence, a = !: . the slope is negative as the velocity and force are in opposite
direction.
Thus £ =pm (¥ln
o  E=ym/ 53) ~
A truck of mass 3000 kg is moving on a road with umfnrmﬂ'*:ingh beat of human
velocity of 54 km ™, Determineits kmet]cﬂ-nerg}r heartis0.51.
¢ - The energy content of
Solution A N the nuciear bomb
o dropped on Hirashima,
Mass ofthatruck m= 3000 kg - s jaﬂm in the second
Velocity v=54kmh*=15ms"’ = world warwas 8.0 = 107,
Kineticenergy £,=7 5 g T*ﬂ'ﬁnﬂfﬂg output of a
S ~ power station in one
Putting the values, % yearis 10% 1.

£, =+ mv =1 x3000 kg% (15 m’ s*
E =337500) = 337.5k)
Potential Energy,

Inthe pmnnus section, we have seen that the work done on a body is used
to increase its kinetic energy. Sometimes, the work done on a body does not
increase its kinetic energy, rather it is stored in the body as potential energy.

Potential energy is defined as the energy that a bedy __
possesses by virtue of its position or deformation. s T

Forms of Potential Energy
There are many forms of potential energy. As

mentioned above, the energy possessed by an object  R&3% #
by virtue of its position relative to the Earth is known ThE'II:IlF! :m cham

as gravitational potential energy. mament in the roller coaster.

LRl




The energy stored in a compressed or stretched spring is called elastic
potential energy and the potential energy in the chemicals of a battery is called
chemical potential energy. which is changed to electrical energy by chemical
reactions, Thermal or internal energy is released by burning fossil fuelsi.e. coal,
oil or gas through chemical reactions.

Nuclear energy is the hidden energy in the nuclei of atoms, When they
are broken, energy is released in the form of heat and some other radiations. This

is called puclear fission.
Ifthe block shownin Fig. 5.10 s lifted to a height -

h above the ground, then the block would have
potential energy in that raised position. Therefore, it h
has the ability to do work whenever it is allowed to fall. )

How should potential energy be measured? Because ﬁ.g 5.10

work is done on the block to put itinto the position wl're-mﬂ*has puten'tlal Energy,
therefore, we can say that the wark done is stored in itas potential energy. Thus,
potential energy £, is given by
E. = Work done to put the blockin :lwated positicn
The applied force necessary to lift the block with constant velocity is equal
to weight w of the block and since w = m@ therefore, potential energy of the
block at height i becomes,

. .'H.

IS - » e

or Esmgh oo i I:S“i} e
The most obvigus example of gl L

gravitational potential energy is a waterfall . /;" '
(Fig. 5.11), water at the top of the fall has Ry’ 4
potential energy. When the water falls to the . A
bottom, it -::al‘rhe“ used to run turbines to Fig, 5.11 Waterfal
produce EIHh‘inty and thus can do work. For Your information!

According to Einstein's theory of
EI!I'I'IPII- 54 refativity, matter and energy are

. interchangeable under certain
A ball of mass 180 g was thrown vertically condigions. Tha Toss. o s

upward to a height of 12 m. Find the e tiar el TR el i

potential enargy gained by the ball, srergy production and similarly enesgy
Solution may be converted inta material
particles, Hence, now we have
Massof ball m=180g=0.18kg conservation of mass and ecergy rather
Height h=12m that conservation of each separately.

111



PEgained £ =7
g=10ms"

FromEqg. (5.4) £, = mgh
Putting the values
E,=018kgx10ms x12m=216J

5.3 Conservation of Energy

The study of various forms of energy and the transformation of one kind
of energy into ancther has led to a very important principle known as the
principle of conservation of energy. Formally, itis stated as: ]

Energy cannot be created or destroyed. [t may betransfqmﬁ;iﬁhm one form
to another, but the totzl amount of energy never changﬁ&l’-

During energy transfer process, some energy seems to be lost and not
accounted for in calculations. This loss of energy is.due to work done against
friction of the moving parts in the process. This energy appears a5 heat and is
dissipated in the environment. This energy does not remain available for doing
some useful work and may be called waste'energy.

A process of energy conversion and conservation can be described with
the given example. -

Let a body of mass m be at rest at a point A ahove the
height  from the ground (Fig.5.12). Itstotal energy RE. is mgh,

(Ea=imgh

and ;'.'_“-Et=ﬂ B L 1 |»
Then the body is allowed to drop to point B at a height x from the Iiﬂ
F
C

A LN

ground, The body loses potential energy and gains kinetic
energy as it _gels speed while falling down. Assuming air

resistance negligible, Fig. 5.12
E.=mglh-Xx)
The loss of potential energy will appear as the gain in kinetic energy, hence, at
pointB
E,=mgx

TotalenergyatB  E=mg{h—x) + mgx = mgh
Just before hitting the ground at point €, the whole of potential energy is
changed into kinetic energy. Thus,
E=0 and E=mgh
Thus, total energy remains the same as mgh. On hitting the ground, this
energy is dissipated as heat and sound in the environment.
12



Fossil Fuel Energy

Fossil fuel energy comes out from burming of oil,
coal and natural gas. These materials are known as fossil
fuels. The burning of these fuels gives out heat which is
used to generate steam that runs the turbines to .
produce electricity. A block diagram of the process  pasar dactricty was
going on in electricity generation by fossil fuels is given  discovered, one of the .

inFig.5.13. pfi_maly.fhm:'tldm of
was to

i
-

: Do You Know?
f Aransatiss Thermal energy

anitsion
z from coal burning
. —{wWas & major
- source used in the
boilers of steam
L. engines to drive
Transformes

o locometives in the
past.

Water sipphy '

OrRg.5.13

Hydroelectric ﬁneﬁn T

Hydroelectric. generation |
is the electricity generated from
the power of falling water. Water
in a high lake or reservoir —
possesses gravitational potential = Bedree
energy stored in it. When wateris
allowed to fall from height, the
potential energy is changed into g 3.5
kinetic energy (Fig. 5.14). Tunnels are made for water to flow from the reservoir to
a lower place. Such a construction is known as dam.
The kinetic energy of running water rotates the turbine which in turn runs the
electnc generator.
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Sun is the biggest source of energy. The energy obtained from sunlight is
referred to as solar energy. Solar energy can be used in two ways, Either it can be
used for heating system or can be converted to electricity. In one way, solar
panels absorb heat of the Sun. They consist of large metal plates which are
painted black {Fig. 5.15). Heat can be used for warming houses or running water
heating system, If solar radiation is concentrated to a small surface area by using
large reflectars or lenses, reasonably high temperature can be achieved.

Fig. 5.15 1) Fig. 5.16
Saolar parels installed an the roof &)™ Solar cells panels

At this high temperature, 'u_uﬂer can be [EEITI
boiled to produce steam that t;ﬂ['l run the turbine
of an electric generator. In 'Ih]fﬂ';?}' electricity can
be produced.

In the second M&iznd sunlight is directly
transformed to ejg:ﬁhxrtythmugh the use of solar :
cells. Solar ;pt,l_ﬁ-.;ar’i alse known as photo voltaic :;Tﬂm '::ﬂ:";m
cells. The voltage produced by a single voltaic cell i Darwin, Australia in 1993,
is very low. In order to get sufficient high voltage |
for practical use, a large number of such cells are
connected in series to form a solar cell panel as |
shown in Fig. 5.16. I ;

Solar calculators are also available which 'Ea,-m satellites get ﬂarm
work by using the electrical energy provided by  through their solar panals.
solar cells. Large solar panels are also used fo
power satellites.
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Nuclear Energy

Muclear energy is released in the form of

Geothermal energy is ourrenthy
used in Japan, Russia, Iceland,

heat when an atomic nucleus breaks. Nuclear [taly, New Zealand and USA.

power stations make use of nuclear fuels such as

uranium and plutonium,

More than 85% of kelanders use

geothermal energy to warm
their homes. The cost of heating

These materials release huge amount of & enly one-third of the cost of

energy as the nuclei of their atoms break during

burning oil to power electric
heaters.

nuclear fission. The process is done in a nuclear
reactor. Heat produced by the fuel is used to make steam that runs the turbines
of electric generators. Pakistan also runs nuclear power stam:ms-at Karachi and

Chashma.
Geothermal Energy

In some parts of the world, hot rocks f‘;\‘;‘

are present in the semi molten form deep {b

under the surface of the Earth. They ar&
heated by energy released due to dm.ﬂf
radicactive elements, The temperature: of
these rocks is about 250°C. This energy is
known as geothermal energy which can be
extracted to run Elaﬂrim-gﬁﬁeratursp
typical geothermal pmwr plant is shown in
Fig.5.17.

To make use ,qf_"&ie"'l'teat of the rocks, two
holes are drilted up to the rocks. Cold water
is pumped down through one of the holes. It
i heated up by the hot rocks and starts
boiling. Steam is produced that comes out

through the other hole. The steam runs the G

generatorwhich preduces electricity. Where |

there is water already present over the hot

rocks, it comes cut of the surface of the Earth in the form of hot springs and

geysers. Such ageyserisshowninFig. 5.18.
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Wind Energy

For thousands of years, people have
been using windmills to draw water from the
well or to grind grains into flour. The modern
windmill is used to run generators that
produce electricity, Wind generators make
electricity in the same way as steam generators
in power stations. For large scale power
generation, a ‘wind farm’ with a hundred or =

more windmills is needed. A windmills farm |
is shownin Fig.5.19. Fig. 5.19 Windmills farm

Energy from Tides

The gravitational force for the moon gives rise to fides in the seas. The tide
raises the water level near the sea shore twice a day. The rise and fall of water can
be utilized to turn on turbine for electricity gge"ﬁéc'ihtium The water at high tides
can be trapped at a suitable location, a basin, " by building a dam. The water is
then released in a controlled way at low tide to drive the turbines for producing
electricity. At next high fide, the dam‘jg filled again and the incoming water also

drives turbines. )
Energy from Waves iihﬁ‘su

The tides and w_iqﬂ}!ﬁc:wing over the surface of the sea produce strong
water waves. 78 A

Their energy can be used to generate [EESLEY Balance floal

electricity. The -method to harness wave
energy is to use large floats which move up
and down with the waves. Ona such device
invented by Prof. Salter is known as Salter's
duck (Fig.5.20). It consists of two parts.

Fig. 5.20

(i} Duck float (i} Balanced ficat
The energy of the water waves causes duck float to move relative to the balance
float. The relative motion of the duck float is used to drive the electricity
generators.
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Biofuel Energy
The radicactive Talkout from the 1986
It is that energy which is obtained from the | Chemabyl nuclear sccident in Russia
biomass. Biomass consists of organic |{1966) affected people, livestock and
materials such as plants, waste foods, |cops Although only 31 peaple died
animals dung, sewage, etc. Sewage is that mfmmﬁnﬁit Eﬂﬂ.ﬁ
dirt which is left over after staining dirty |y .t i
water, Tnhe material can itself be used as fuel
or can be converted into othertypes of fuels,
Direct combustion is a method in which
biomass, commonly known as solid waste, is
burnt to boil water and produce steam, The
steam can be used to generate electricity. In
another process, the rotting of biomass in a
closed tank called a ‘digester’ produces |5
methane rich biogas (Fig. 5.21). In this |==
process, micro-organisms break down T
biomass materialin the absence of oxygen,.
Biogas produced in the tank is piped outand
can be used for heating and :m::i:mg Jike
natural gas. i

Biouel such as ethanol (alcoholan 3150 be | coemy but & fs sens execmciae 1t sl
cbtained from the blomass. itis. a replacement oroduces pollution that affects the
of petrol, In this case, hactmi&*ﬁunvms it into | human health badly. On the other

Fig. 5.21 Bingas digester

Economie, Social and Envirenmental
Impact of Various Enengy Sources

ethanol. hand, hydreelectric energy is the
- cheapest source of energy, It does not
5.5 Renewable and produce pollution. 1t has only one

negative point that it may cause water
logging by raising the water table

The resources of energy which are replaced| underthe nearby lands.

. . The use of solar energy, wind energy,
by newbl ones after the::; uie atl;‘e t:;ll:i Vil s, aci¢ sollution sk il
renewabie energy source. Un the other NanG.| . sl costis bigh in the use ofthese

non-renewable sources are those, which are| cources.

depleted with the continuous use, Once they| Nuclear energy s very desirable source,
run out, they ere not easily replaced by new It [s-cheaper and can meaet the
ones. Sources such as hydroelectricity, solar| Moreasingdemands of anergy easily.

energy, wind energy, tidal energy, wave energy and geothermal energy are
renewable. These are replaced by new ones. For example, snow fall and rain fall

Non-Renewable Sources
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are continuous processes. Therefore, water supply to the reservoirs of dams for
generation of hydroelectric power will never end up. Likewise, solar energy will
remain available forever, Same is the case with wind and tidal energy. These are
not going to run out in future.

Non-renewable sources include fossil fuels and nuclear energy. The remnants of
plants and animals buried under the Earth took millions of years to change into
fossil fuels. These fuels are in limited quantity. Once they are used up, it will take
further millions of years to form new ones. Similarly, fuels for the nuclear energy
are also limited.

As the needfmmagysimmngdayhyda:ﬁﬂmre:smedmd@mhpnﬂ'm
non- traditional renewable energy sources.

5.6 The Advantages and Disadvantages Jig
of Methods of Energy Production b
The production of hydroelectric “(\ﬂ
power is more economical and | e %
pollution free. The sclar power, mm:L =
tidal and wave power need rm]rel
initial cost but they do not produce
pollution and are also economical as,
well. On the other hand, power
generation by fossil fuels and nuclear
fuel adds to the pollution of Eie

environment. Burning af fossil fuels Fig. 5.22

produces smoke, carbon dioxide 935 pa You Know?

and heat (Fig. 5:22). They enhance puming fossil fuels release five billicn tonnes of
direct pollution to atmosphere. carbon dioxide inta the atmosphere svery year,

Windmills are very noisy. Some people think that wind turbines spoil the beauty
of landscape,

Muclear power generators are also run by steam produced by nuclear
heat energy. Heat itself is a form of pollution. Moreover, there is always danger of
leakage of the radioactive radiation which is harmful to living bodies. People
living around nuclear plants are always at risk. The disposal of nudear waste is
another problem for the nuclear power generation. However, any form of waste
energy ends up as thermal energy that goes to the environment. Thus, thermal
pollution is increasing day by day causing global warming.

5 R
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In many cases, the time to do work is as important as the amount of work
done. Suppose you walk up toa height '/’ through upstairs (Fig. 5.26). You do
work, because you zre |ifting your body up the stairs. If you run up, you can reach
the same height in a shorter time interval.

The work done is the same in either.case, because the net result is that you lifted
up the same weight wto the same,height fr. But you know that if you run up the
stairs, you would be more tired than you walked up slowly. In fact, there is a
difference inthe rate at whichwork is done. We say that you expend more energy
when you go up the stairs rapidly than when you go slowly.

The concept of power can also be explained with another example of an electric
motor or a water,pump. A bigger moter draws more water during the same
interval of time as compared to a smaller one. It is said that the power of bigger
motor is greater than that of smaller one.

Power is defined as the time rate of doing work.

Mathematically,
o Work
FoWer = e
If W is the work done Tn time ¢, then
pe o (5.5)

Power of any agency can also be defined as energy transferred per unit time.
s



Units of Power
Since both work and time are scalar guantities, so according to Eqg.(5.5)
power is also a scalar quantity. The Sl unit of powers is watt (W),

One watt is the work done at the rate of one joule per second.

Do You Know?

TW = 1TJ£ of 11s5” Appliance Av. Pawer

Bigger Units of power are:
1 kW =10"W

1MW = 10°W

In British enginsering system, the unit of power used [Washi
is horse-power (hp). The horse power is defined as;
Thp=T46W /

Example 5.5 R

A 10 kg car moving with an acceiﬂafhn of 4m s’ covers a distance of
50min 5 seconds. What is the pm'ﬁergaﬁarat&d by its engine?

Solution ~\
Mass of car m = 1000 kg
Acceleration g = 4m!1
Distance 5= E:ﬁ.m

Time taken t.‘;-s 5

Power P =1

First, we sl'uall__c:lﬂi-._’rr"'riine the force applied by Newton's second law.
= ma = 1000 kg x4 m s = 4000 N
From Eg. (5.1), Work, W =F§
The watt i named in

Or W= 4000 N x 50 m = 20 x 10°J hanour of James Watt
From Eq. (55}, p =W (1736-1819), a Scattish
t

engineer who perfected
) the stoan anigine.
Putting the values of W and ¢t we have

p= M’E‘A = 4 x 10' W = 40 kW
5



5.8 Efficiency “ﬂ:‘:“i‘ri" o

]
The efficiency of a working system tells us Efficiency (%]

what part of the energy can be converted into the Eﬁﬁtm mg]'“* gg
required useful form of energy and what part is e el i

wasted out of the energy available, Bicy<le 5
The available energy for conversion is usually —

called the input energy and the energy converted Lot L Y

into the required form is known as the output  Amachinewith its oulput

Energy. equal ta input is called an
The efficiency of a system is defined as: ideal machine with

efficency 100%.
The ratio of useful output energy and the total input N
energy is called the efficiency of a working system.

Usetul output energy, -
Total input EnEI'ng
Efficiency is often multiplied by 100 to give percentage efficiency. Thus,

Useful output energy
Tq!;_n]“b;put energy

ar Efficiency =

Percentage Efficiency = = 100

It can also be given as:
- Useful power output
Total power input 2
Itis found thatﬂﬁeenergfﬂutput is edwaya less than the energy input. During any
conversion of energy, some energy is wasted in the form of heat. No device has
yet been invented that may convert all the input energy into required output.
That is why 2 system.cannot have an efficiency of 100 %. As the energy losses are
inevitable in the working of a machine, hence, an ideal or perpetual machine
cannot be constructed,

Perpetual Energy Machines

It is 2 hypothetical machine that can do work indefinitely, without any
external source of energy. A perpetual machine would have to generate more
energy than it consumes, effectively producing energy from nothing, which is
impossible. In any real mechanical system, some energy is always lost as heat due
to friction between mowving parts and air resistance etc. Thus, making it
impossible for a machine to keep moving without an external source of energy.
Infact, it is a consequence of the principle of conservation of energy that a
perpetual energy machine is not workable.

Percentage Eff'cnenq.r =
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Example 5.6

A block weighing 120 N is dragged up a slope with a force of 100 Nto liftitup a
height of 10 m. If the slope is 20 m long, calculate the efficiency of the system.

Solution

Weight of block W= 120N
Force applied F = 100N
Distance 5 =20m
Height A =10m
% Efficiency =71

Werk done to lift the block up is:
W=Fx5=100Nx20m = 2000) L%y
Now, total input energy = work done ontheblock = 2000)
Useful output energy = Gravitational potential energy g’a’iwd = wh
=1T20M x10m “11&9]

Useful output energy’
Percentage Efficiency =
tag Y= Total input energy L1
12000
e = 60%
20005 0
» 'u'u'urtlsdaﬂnu:lasﬂupmdu:toftﬂ:mngnﬂudeufﬁmmandthadjmmmwmdin
the direction of force.
= Work will be one joule rfaf-aftunfune rewlon moves g body through a distance of
ane mistre in thedirectionof the forow

= Energyisthe abilityofa Mtuduwmtnsumt i5 also joule.

+  Kinetic energyis the enérgy of a bedy by virtue of its motion,

= Gravitational | energyis defined as the energy that a I:u-d:.i' possesses by virtue
of s positioninthe gravitational field.

* The potential eoergy stored in a compressed or stretched spring is known as elastic
putanﬂa@u

= Fossll Iﬁal.l,nergrls theanugy that is refeased by burning of oil, coal and natural gas.

»  Hydroeleciric generation is the electricity generated by using the kinetic enengy of
thefalling water.

« Solarenergy sthe en af the sunlight thatcan be convertedinto

= The energy released by breaking the nucleys of an atom is known as mcleartrmgy

=  Geothermal energyis the heat energy of the hot rocks present deep underthe surface
ofthe Earth.

= Wind enargy is the alectrical energy produced by using the kinetic energy of the fast-
blowing wind.

= Biofuel energy is that energy which s obtained by ferrmentation of organic materials
nthe form of biogas or ethanaol.

= Poweris defined as the time rate of doing work,

s Power will be cnewatt, ifone jouleof workis done inone second,

= The ratio of useful autput enengy {o the total input energy s called the eficency of &

warking system. g



EXERCISE

A Multiple Choice Questions
Tick {v") the correct answer.
5.1. Work done is maximum when the angle between the force F and the

displacementd is:

(a) 0* {b) 307 {c} 60 (d) 90°
5.2. Ajoulecanalso bewritten as:
(@ kgms®  (b)kgms” () kgm’s™  (d) kgm's”
5.3. TheS unitof poweris: Al
() joule (k) newton (c) watt (d) secand -

5.4. The power of a water pump is 2 ¥W. The amount ﬂfﬂm‘ter it can raise in
one minute to a height of 5 metres is:

(a) 1000 litres (b) 1200%itres <
{c) 2000 litres {d) 2400 Iurr.ts:
5.5. Abulletofmass0.05kg hasa speednf 511[! ms . Its kinetic energy will be:
(a) 2250) (b)4500) < (}1500) (d} 1125
5.6. ifacardoublesits speed, its kinetic energy will be:
(a) the same ~  (b)doubied
(¢) increased to three timhes (d}increased to four times
5.7. Theenergy pus&s;#adbya body by virtue of its position is:
{a) kineticenergy (b) potential energy
{c) mﬂnicﬂ’ﬁergy (d) solar energy
58. The mégrﬂi’.ide of momentum of an object is doubled, the kinetic energy
of the abject will:
(a) double (b} increase to fourtimes
{c) reduce to one-half {d) remain the same
5.9. Which ofthefollowing is not renewable energy source?
{8) Hydroelectric energy {b) Fossil fuels
{c) Wind energy (d) Solar energy
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5.1. What Is the work done on a2n object that remains at rest when a force is
applied on it?

5.2, A slow-moving car may have more kinetic energy than a fast-moving
matorcycle. How is this possible?

5.3. A force F; does 5 Jofworkin 10 s. Another force £, does 3 J of work in 5 5.
Which force delivers greater power?

5.4. A woman runs up a flight of stairs. The gain in her gravitational potential
energy is 4500 . If she runs up the same stairs with twice the speed, what
will be her gain in potential energy?

5.5. Definework and its Sl unit.

5.6. What is the potential energy of a body of mass mwhen lt"si‘hﬁed through a
height A7

5.7. Find anexpression forthe kinetic energyofa n"LmlH'rg hu-d:.r

5.8, Define efficiency of a working system. umﬁ system cannot have 100%
efficiency? £

5.9. What is power? Define the umtusxedfnrlt.

5.10. Differentiate between renewable an;:_:l;:gﬁn -renewable energy sources.

C Constructed Response ns

5.1. Can the kinetic energy of abotly ever be negative?

5.2. Which one has the gjrgater kinetic energy; an object travelling with a
velocity vor an nhjﬂf;t twice as heavy travelling with avelocity of Va v?

5.3. A car is moving ﬂ_ﬁng a curved road at constant speed. Does i3 kinetic
energy change?

5.4. Commention the statement. "An object has one joule of potential energy.”

5.5. While drmng on a motorway, tyre of a vehicle sometimes bursts, What may
be its cause?

5.6. While playing cricket on a street, the ball smashes a window pane. Describe
the energy changes in this event.

5.7. A man rowing boat upstream is at rest with respect to the shore. Is he doing
work?

5.8. A cyclist goes downhill from the top of a steep hill without pedalling and
takes it to the top of the next hill.

(i} Draw a diagram of what happened,
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(i} Analyse this event in terms of potential and kinetic energy.
Labe! yourdiagram using these terms.
5.9. Istimberorwood renewable source of heat energy? Comment.

D <Comprehensive Questions

5.1. What is meant by kinetic energy? State its unit. Describe how it is
determined.

5.2. State the law of conservation of energy. Explain it with the help of an
exemple of a body falling from certain height in terms of its potential
energy and kinetic energy.

5.3. Differentiate between renewable and non renewable gqun:&s of energy.
Give three examples for each.

5.4. Explain what is meant by efficiency of a machine, Hﬂw is it calculated?
Why there is alimit for the efficiency of a ma'::hh'm?' '

5.5 Describe the process of electricity generation b}rdramng a block diagram
of the pracess in the following cases,

{i) Hydmelectncpnwergenerat’ qn‘r {ii} Fossil fuels

E Numerical Problems ~A\J)

5.1. A force of 20 N acting atan anglé'é-fm* to the horizontal is used to pull 3
box through a distance ﬂfE rnﬂtmsﬁa floor. How much work is done?
(30 J)
5.2. Abodymovesa dqstam:gl:rf 5 metres in a straight line under the action of a
forceof 8 newtm'ﬁ.ﬂ'tf the work done Is 20 joules, find the angle which the
force makesmththe direction of motion of the body.

(607}

53. An englru,-.{;mes 100 kg of water through a height of B0 m in 25 5, What is
the pﬂgrﬂf the engine?

(3200 W)

5.4. Abodyof mass 20 kg is at rest. A 40 N force acts on it for 5 seconds. What
i5 the kinatic energy of the body at the end of thistime?

{1000 J}

5.5. A ball of mass 160 g is thrown vertically upward. The ball reaches a height

of 200 m, Find the potential energy gained by the ball at this height.

32 i

5.6, A 0.14 kg ball is thrown vertically upward with an initial velocity of
35m s~ Find the maximum height reached by the ball,

25

(61.25 m)



5.7.

5.8

5.9,

5.10.

5.11.

5.12.

5.13.

A girl is swinging on a swing. At the lowest point of her swing, sheis 1.2 m
from the ground, and at the highest point she is 2.0 m from the ground.
What is her maximum velocity and where?

{4 m s, at the lowest position}

A person pushes a lawn mower with a force
of 50 N making an angle of 45° with the
horizontal. If the mower is moved through a
distance of 20 m, how much work is done?

(707 1)

Caleulate the work donein
(i Pushing a 5 kg box up a frictionless
inclined plane 10 m long that makes an
angle of 30° with the horizontal.

(i) Lifting the box vertically up from the ﬁ‘mund to the top of the inclined
plane. ~h )

Fah |
r

(250 J)
A box of mass 1ﬂkg|5pushad\npalnngaramp15 m long with a force of
80 M. If the box rises upm height of 5 m, what is the efficiency of the
system?

G (41.7%)
A force of 600 Hauhnnabuxtopl.lsh it5 min 15 5. Calculate the power.

\ (200 W)
A 40 kgsbﬂf runs up-stair 10m high in 8 5. What power he developed,

{500 W)
A force F acts through a distance L on a body. The force is then increased
to 2F that further acts through 2L, Sketch a force-disptacement graph and
calculate the total work done.

[SFL or 5 units)




Studont Larning Outcomes

After completing this chapter, students will be able to:

= |llustrate that forces may produce a
changeirsizeand shape of an object.

= Define and calculate the spring constant
[2pply the equation, spring constant =
forcafextension & = Fix to solve problems B
involving simple springs]

*  Sketch, piot and interpret load-extension |
graphs for an elastic solid and describe i
the associated experimental proceduras, N

* Define and use the term ‘limit of praportionality’. Iq_,a Inad-ute-runn graph [Including
identifying this painton the graph (an unaerstarrﬁmb#fuweehsﬁchrr-t is ot required)]

¢ |Hustrate the applications of Hooke's [aw [ﬁu::h a4 that it i the fundamental principle
behind engineering many mmmmﬁjﬁ:ﬁwmnts such a5 the spring scale, the
galvanameter, and the balance wheel uﬂm{wmd'mm:aldncﬂ

= Defineand calculate density, el

» Define and calculate pm.ﬂw&,,wm per unit area. Use the eguation pressure =
force/area P= FfA msnhe;juﬁiepmhlenu]

= Describe hawpmm.muar&mm force and area in the context of evenyday examples

= Describe how pres.iumjt-‘i; surface produces a force in a direction at right angles fo the
surface [can ﬁmlpqrﬁie&mrme:pmmemnmvenfyﬂm principle]

. Jmﬁﬁrtlmﬂuqujﬁﬁ‘éphm Exerts apressure,

" Dﬁnﬂh&ﬁﬁmﬁmlcpmmw&dﬁmwﬂh the increase in heightabove the Earth's
surface,

* [Ewplain that changes in atmospheric pressure in a region may indicate & change in the
weather.

= - Analyse the workings and applications of a liquid barometer

= Justifyand analyse guantitatively how pressure varies with depthina liquid

«  Describe the working and applications of a manometer

« Define and apply Pascal’s law [Apply Pascals law to systems such as the trarsmission of
pressure in hydraulic systems with particular reference to the hydraulic press and hydraulic
brakesonvehicles
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You have learnt in lower classes that every thing around us is made up of
matter. The matter normally exists in solid, liquid and gaseous states. These
states are due to attractive force that exists between the atoms and molecules.
We have already studied some basic properties of matter. In this chapter, we will
discuss mechanical properties of matter that are of vital importance of a material
for various useful purposes in technology and engineering. The main contents
inciuded in this chapter are: deformation of solids due to some applied force,
density and pressure.

6.1 Deformation of Solids

We have observed that an external force applied
onan object can change its size or shape, Such aforceis
known as deforming force. For example, an appropriate
force applied to a spring can increase its length called
extension or cause compression thus reducing its
length. If this force is removed, the spring will restﬂrelts
original size and shape. Similarly, stretched rubber strip
or band comes to its original shape and. size on
removing the applied force.

When atennis ball is hit by a racket, th&shapes of teninis g 6.1
ball and also racket strings are disterted or deformed
(Fig. 6.1). They regain their priginal shape after m— wormy
bouncing of the ball by the racket. An object ssaidto '
be elastic, f after remaval of the deforming force, it 3201 "=l Biel =
restores to its original size"and shape. This property of d:? R 1mm to. tislr
the material Is known as elasticity. Due to this property,  griginal shape afier the
wecandeterrmne-‘memngthnramatemlandﬂm removal of the
deformation pmi:’hced under the action of a force. deforming force. They
Most &f the materials are elastic up to a certain 8¢ known as inelastic
limit known as elastic limit. Beyond the elastic limit, the ~ M2terals.
change becomes permanent. The object or material does not regain its original
shape or size even after the removal of the deforming force,

6.2 Hooke's Law

If a force Fis applied on a spring to stretch or compress it, the extension or
compression x has been found directly proportional to the applied force within
the elasticlimit. Thus, ¢ £

or E= b ar k = {6.1)




where ks the constant of proportionality and is known as spring constant. In fact,
it is a measure of stiffness of the spring. The greater the value of spring constant,
the greater will be the stiffness or strength of the
spring. fts unit is N m™, o, i

A graph of force against extension is a siraight T

F

N

line passing through the origin. If the applied force or
load exceeds the elastic limit of the spring, it is
permanently deformed and its graph will no longer
rermain linear. The gradient or slope of force-extension
graph is a measure of spring constant k.

)

x{m} —

Fig. 6.2
Hooke's law also hoids when a force is applied to a Etra[gh‘l;mm wire ora
rubber band within its elastic limit,

Activity 6.1 o

Thé teacher will arrange a helical spring with an K@r ;
attached pointer, sloted weights, half metre rule ar |
scabe, inon stand and will facilitzte to perform this activi
as per instructions. Note that a spring of helical or

shape is called helical spring. 1ts length should m’g,-gmr

than its diameter, p "\

()] Suspend & helical spring with the

(M Adjust the pointer so that it touch the
scale but can move up and town freely along
the scale. WO

fi]  Placea siottecwelght shy S0 g in the hanger and
note the position ;Jhtamn thescale.

fiw] Repeat this - r five times, each time
ncreesing t inegjual armount.

1] Draw a %n force Falong y-axis and

eptersi inﬁg W35,

(Wil  Whatis theshape ofthe graph?

fvi)  Whatdoes it show?

fviiit  Find the slope of the straight line, What does it
represent?

Quick Quiz

1. [fthe above experiment is repeated with a stiffer spring {high value of k), what will be the
effect on the graph?

2. How canyou find the value of uninown weight using this experiment?



Hooke's law serves as the basic principle in wide range of applicaticns. In
the field of technology and engineering, springs in many devices rely on Hooke's
law for their functions such as spring scales, balance wheel of the mechanical
clocks, galvancmeter, suspensions system in vehicles and motorbikes, door
hinges, mattresses, material testing machines, etc.

However, Hooke's law applies within a
specific range of forces. Exceeding the range or
limit results in permanent deformation and no
longer follows Hocke's law. Some of the uses are
elaborzated below:

1. Spring scales

Spring scales use the extension or
compression of a spring to determine the weight- ' _
of objects. In a common spring balance the |l
extension or elongation produced is a meastre of e
the weight. In compression balance, the spnng is
compressed by the load {force] and the
compression produced is measured by means of a
pointer moving over a scale, Weighing machine usually use this type of balance.
2. Balance wheel of mechanical clocks

The balance wheel in-mechanical dlocks use spring to control the back and
forthmotion that regulates the speed of the hands of 2 clock (Fig. 6.4).
3. Galvanometer

Galvanometer is a current detecting
device. It makes use of a tiny spring called hair
spring (Fig. 6.5) which provides electrical
connections to the galvanometer coil and also
restores the pointer back to zero position. The
deflection of the pointer is proportional to the

current flowing through it within the range. y. | g
W sl e of ...:t-
aside of &
Gabhwanometer

If you take equal volumes of different Fig. 8.5
substances and weigh them by a balance, you will




find that each of them has a different mass. That is, one centimetre cube of wood
may weigh only 0.7 g but made of iron will weigh 8.0 g. Why is it 507 You know
that all substances are composed of molecules. The melecules of differant
substances are different in size and mass. The inter-molecular spacing is also
different.

The mass of equal volume of various substances actually is the mass of the
total number of molecules present in that volume. Naturally, the substance
whose molecules are densely packed and also which are heavy will weigh more

than others.
Density of a substance is defined as its mass per unit volume.
M L T
Density 'ﬁlﬁ% R ) our Infrmation!

The Si unit of density is kg m . Other unit also %m o falythans
in use is g cm”. Table 7.1 shows the density of some 50w 4
substances.

The architects and engineers take spm:iii Substance | Density (kg m)
care of the density of the building material J:n -b!! Alr 13
used in designing and constructing mads.bﬂdges Patrol 800
and buildings. The density of !::u:ldinq material is | Water 1000
essential for estimating the strength l'eqmred in |Concrete 2400
foundations and supporting pillars. " Aluminum 2700
Example 6.1 The length, breath-and thickness of |3'e 800
an iron block are 3 cm, 2 . 2 cm respectively. ﬁ: :;‘;’”ﬂg
Calculate the density of arq-rﬁ’f the mass of block is i 53600
94g. \ z

Length =3<m, Breath =2 cm, Immiscible liquids of |

Th“;knﬂp: Z2em, Mass = 94 g, Density =7 differant dpns]tiu_s.

Mase farm Iay?rs whean

Using Eq. 6.2 Density =< me iy i,

Quick Culz
where Volume = Length « Breadth = Thickness  How will you measure the

=3cm=2em=2cm=12cm’  volumeifthe objectis lighter

i than the liquid?
Hence, Dehsity = =28 __7agem’ e S
R AR R “For Youe fonsation]
Thus, density of iron = 7800 kg m™ Density b5 a test to know the
purity of a substance.



Density Measurement Quicle Qutz

Density of a substance can be determined by 2% "A<H FIOFRY 40 X0
measuring its mass and volume. The mass can be stainless steel spoon?
easily measured by a physical balance.

if the substance is solid and has a reqular shape, its volume can be found
by measuring its dimensions. For example, if the substance is in the form of a
sphere, its diameter can be measured by a Vernier Callipers and volume is
thereby calculated. Knowing mass and volume, the density can be found out. If

the solid has not a geametrical shape, its volume is determined by the following
activity: T

Activity: 6.2 AR=
Teacher should facilitate to help the groups to poursome | Il =
water In a maasuring cylinder. If the substance s soluble inwater, W[ | [
then use a liquid in which the substance is insoluble, Mote the ' =
of the liquid in the cylinder. Now gently drop the substance into =
the eylinder. The rise inthe level gives the volume of the ‘?Ihﬂa . é

If a wooden rod has a flat end_‘i:ﬁﬁll be very

difficult to push it into ground. On the other hand, if r
it has a pointed end, it can be easity pushed into the
ground. In the first case, thg_‘ai;piied force is spread N

rau

over a large area, whﬂre_-'.!_-ﬁ:iﬁﬂ‘thﬂ second case, the
force is concentrated on'a small area. The force
appliad on the rod will éxert greater pressure in the Thtfm:mnhaﬁlﬂtpimrﬁ e

second case thanin the first one. same, equal 't weight of the
Pressure Ei dﬂﬂne-:.i a.s'the force Exerted :ﬁ :fmr: ::m;ﬁ
normally on unit area of an object. than in the lef hand picture,
. . We say that the pressure is fess
If Fis the force acting normally on a surface it right Bard pictiare
of area A, then pressure P on the surface is given by
T . Y
Far Your Bformemiont P= A (6.3)
Sports boots for football and hockey have studs on their soles.
They reduce the area [n contact between your feet and the
ground, This increases the pressure and your feat grip the surface
more firmily.
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The area A on which the force acts is usually referred as contact area.
Equation (6.3) shows that for a certain force, the pressure can be very large if the

contact aread is small.

In the system international, the unit of pressure is N m” and is called

pascal (Pa).

Daily Life Examples

1. The edge of the blade of a chopper is made

very sharp. When we apply force on the | '
handle of the chopper to cut an object, the | |

pressure on the object, at the contact

surface, due to its small area becomes very [

high and the obhject is easily cut (Fig. 6.6).

2. The top of a thumb pin is flat but the end of

the pin is very sharp. So, the contact area is
very small. When we apply a force at the top,
the pressure at the end of pin is so high that
it pierces into the wooden board (Fig. 6.7).

3. When we walk on ground, weexertafnr:e %

on it due to which we experience a reacticn

Fig. 6.7 Thumb gin|

force. When the ground is flat, this feaction
force is spread over the whole drea of the
foot and the pressure due to reéction force m,mnﬁfmm har

is not painful. But when we walk on pebbles,
the contact area is reduged. Then the
pressure due to reaction force becomes so
high thatit becomes painful,

. Heavy animals like-glephant have thick legs B9

and large flat-feet so that due to large
contact area, pressure becomes less

otherwise, their bones would not tolerate the pressure.

6.5 Pressure in Liguids

We have learnt in the lower classes that liguids exert pressure in all
directions Moreover, liquid pressure increases with depth,

Let us determine the pressure at a certain depth of a liquid. Figure. 6.8
shiows a container of liquid. Consider an area A in the liquid at depth b. The force
acting on this area is equal to the weight of the liquid column over surface A, The
volume of this liquid is ¥ = Ah. If p is the density of liquid, then mass m of the

liquid column will be:
m=pV = gAh



Therefore, force acting on area A will be

F=mg=pAhg
The pressure Pat area A will be,
poF . _PAhg
A A
or Pepgh e (6.4}

Equation 6.4 shows that pressure in a
liquid increases with depth. The vialue of pressure
depends onthe depth and density of the liquid,

Pressure produces force at right angle to
the surface. A force or its component that is
paraliel to the surface, does not contribute to

pressure. The pressure, by definition, is only

7 | S
| /{
)
.
ac

Fig. 6.8 Pressure in a liguld

contributed by the normal component of the force, Thatis, the forces in a liquid
that push directly against the surface and add up tpra‘.ﬁﬁ force is perpendicular
to the surface, If there is a hole in the surface of the liquid container, the liquid
spurts at right angle to the surface before curving downward due to gravity.

Example 6.2

Calculate the pressure of cglﬂ_rn.h of mercury 76 cm high. Density of

mercuryis 13.6x 100 kg m™.
Solution \
Density p=13.6x10Ckgm”

Some liguids under pressure

Height h=76cm =76%10°m can dissolve more gas than a
g=10ms> bquid at a lower pressure, When
o A we npen & bottle of soda water,
As Pressure = pgh the pressuze in the bottle is
: P=136x10kgm = 10ms?x 76 10°m decreased. The Bquid can no
P =1034x ‘iﬂ’kgm'axms"nm mm:uld a8 mwhﬂ;’ﬁfﬁ
QA5 COMES
P =1.034x10°Nm” _solution and Flses to the surface
P =1.034x10°Pa of the liquitl in the Torm of
bubbles.
Example 6.3

A oylindrical water tank 2 m deep has been built on the top of a building
20 mhigh. What will be the pressure of water at the ground floor when the tank is
full? Density of wateris 1000 kg m™. Take g = 10ms™.

134



Solution
Height A =2+ 20=22m
Density @ =1000 kgm®
g=10ms"
P=pgh=22m=1000kgm” = 10ms*
=220000Pa=2.2%10°Pa
Teacher should help the stedents to perform this |
achii}rarldmﬁatemmasmhm
i Make three smal holes at differant heights in the side of &
gontainer as shown in the figurs,

i Fill the container with water.
ili, Obsanee the water streams flowing out of the hales. It (s

inithaly nornal to the sz
ne. Which one of the streams hits the ground &t lamger |
distares?
v, Atwhich position the Bguid has mora pregsine? P

You will obsere that the ﬂrumﬁmnmhhnk,rﬁﬁalyﬂqmmtmmlhﬂwwrﬁmbefnm
mMmdmnMewmmhwhﬂem chmHMﬂﬂt"qufdmr&

increases with depth,
.. -H ..1;_ y
Teacher should demonstrate mtm students 1o
perform by following the instructions (a4
) Filia polythene shopping wiater,
i} Poke several holes by in'on the bag.

{iK) Emm-ﬂ'llhngg-

vl Whatdo you mm
Squeezing the top causes the water to squirt on h“'_
i all directions. 1t n“@s the pressure is transmiited eqlally S

theoughout the Ir.'gﬂ;
6.6 Atmospheric Pressure

The Earth is surrounded by a layer of air which we call atmosphere. We
know that air is a mixture of gases. Their molecules are always in motion, They
collide with one another and with all other objects coming in theirway. Thus, they
exert force on the objects. This force per unit area is the atmospheric pressure.
Since the molecules of air have randorm motion, therefore, atmospheric pressure
acts equally in all directions.

The atmosphere exerts pressure on the surface of the Earth and on
everything on the Earth. This pressure is called atmospheric pressure.



Atmospheric pressure extends up to a Do You Know?
height of about 100 kilometres. The density of airis The pressure of 1 aimosphere
not the same in the atmosphere. it decreases I:_U!b;:u'::;: ";Gt:i SL:;::}Q{,:
continuousky with altitude. anareaof 1em?

We live at the bottom of the Earth's atmosphere which is a fluid that exerts
pressure on our bodies, At sea level, the value of atmospheric pressure is about
1.013 % 10° Pa. This value is referred to as standard atmospheric pressure. [t is an
enormous pressure which can crush anything. We do not feel it because
practically all the bodies have airinside them. As atmospheric prEisure acts in all

directions, so it balances the pressure inside.

Evidence of Atmospheric Pressure
We can observe the force of the atmospheric pressure if we remove the
inside air from a vessel as shown in the following activity.

Activity 6.5 :
.f"“*-,""q...-r"

The teacher shauld perform this in the
class following the given instructions.

Boll some water in a3 tin can. § 'M‘a it is full of
sleam, remaove [t from the burner a;mqnua its rrobth by
an air tight corke Then paur mld@g&rm&rm The can
crumples as shown in the figufe. Why dees the tin

crumples? 1@“

Variation of Atmospheric Pressure with Height

We have studied that pressure in a liquid increases with depth. At depth h,

the pressureof liquid is given by
P=pgh

This formula is applicable to all the fluids. As the gases of the atmosphere
are also fluid, therefore, the atmospheric pressure should be maximum on the
ground at sea level. As we go up in the air, atmospheric pressure decreases. At a
height of about 5 km, it falls to 55 kPa and at a height of 30 km, it falls to 1 kPa. By
measuring the atmospheric pressure at a point in air, altitude of that point can be
determired. The lower the atmospheric pressure, the greater is the altitude,



6.7 Measurement of Atmospheric Pressure

Atrmaspheric pressure is usually measured by
the height of mercury column which it can support.
instruments which measure the atmospheric
pressure are called barometers. A simple mercury
barometer consists of a glass tube about one metre
long that is closed at one end. It is completely filled
with mercury, then it is inverted vertically in a dish of
mercury. A metre scale is placed by the side
of the tube to measure the height of mercury column
(Fig. 6.9). The space in glass tube over the top of the
mercury is completely empty. The pressure is almost
Zero.

The: pressure P, at point A in the
mercury column is the same as at point B at
the surface of mercury in the dish because
both the points are at the same level. This is
equal to the atmospheric prassure P = pgh
acting at the surface of mercury in the dish.

Brazi ks

-

i

Bassinater pulys

My

Stwrcgey Fnseryodr

Air pressure guage which is used to measure the A Fortin's Barometer is used in
pressurein motor car byres, laboratories to measure the
atmosphenc pressure,

If we put P = 1013 x 10° Pa at sea level
p = 136 % 10° kg m? for mercury, the height of mﬂfmﬂmum
mercury column comes out to be 760 mm. By using :;E ground -rfp::: :am
this instrument, atmospheric pressure at any altitude  on one foot instead of
in the air can be measured in terms of height of twofest?

mercury column.,
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Changes in Atmospheric Pressure as Weather Indicator

The atmospheric pressure does not always
remain uniform but flactuates. By observing the o, we use water in place

variation, the meteorclogists can forecast the of mercury to construct a

weather conditions.

barometar? Explainwhy,

Atmospheric pressure depends upon the

density of air. At high altitudes, where the air is less dense, the atmospheric
pressure falls down. Similarly, increase in the quantity of water vapours also
decreases the density. Thus, atmaospheric pressure becomes low in cloudy
regions. Weather casters use this knowledge to predict rains. A fall in pressure
often means thatrain clouds are on the way and the rain is to follaw.

6.8 Measurement of Pressure by Manometer

A simple manometer
U-shaped glass tube which contains rercury. In
the beginning, the atmospheric pressure at the
two open ends of the tube is the same and’
hence, mercury level in the two arms remains
same (Fig. 6.10). If onconnecting a gas cylinder
with shart arm keeping the longer arm of the
tube open, the mercury level in short arm is
lower than that in the long arm (Fig. 6.11), then
the unknown pressure is more than the
atmaspheric pressure. If the mercury level in the
short arm is more than the long arm (Fig.6.12),
then the unknown. pressure is less than the

consists of &

" "

[ ] -—

—I-ﬂ::_"‘

=

Fig. 5.10 manometer

atmospheric pressure.

- -

;Lﬁdr pressure

¥




6.9 Pascal's Law

When we inflate a balloon, we blow air m‘“ IPressures
in it with a certain pressure but the balloon [ocatic Sressure (Pa)
blows uniformly from all sides. 1t means that TR T Tnio"
the pressure applied at its mouth has been T —— R 10
transmitted uniformly in all directions. [Seepest ocean trenchl 1.1 <107
Similarly, when a motorbike tyre is inflated, A molor tyre %0
air pressure is applied at one point but the [Standard atmospherc] 1013 =10
tyre is uniformly inflated from all sides. This [ Bood pressure 1.6 % 1"
ingicates that pressure s transmitted to each | On mount Everst 410
part of the tyre. On mars 7% 10

Let us perform a very interesting activity with a liguid. Take water in a flask
with piston and hawvi ng a few side tubes fixed at different positions. If such flask is
not available you can join a syringe st the mouth of a pet bottle. For side tubes,
bendable transparent drinking straws can be glued en the holes punched on
sicles of the bottle. :

You will observe that the level of water inall the side tubes is the same. This
is because a liquid seeks its own level and rises to =
the same height at all points. Now push thé piston
through seme distance.

The level of water in all the side tubes rises
to the same height. Why does this happen? This s
because the pressure applied at one point of the
liquid is transmitted equally to every point of the
liquid. Since gases (air) and fiquids are termed as
fluids so the above arr:tmﬁes prove that

When pmﬁur&e I5 apphed at one pointin
an enclosed fluid, it is transmitted
equally.to all parts of fluid without loss.

Thisis the statement of Pascal’s law.
The technology of hydraulic systerns is based on Pascal's law. Its main
advantages are;
() Liquids do not absorb any of the supplied energy.
i)  They arecapable of moving much heavy |oads and providing great forces
due to incompressibility.
Some useful hydraulic systems are:
1. Hydraulic press
2. Carlift at service stations
3. Hydraulic brakes of vehicles
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Hydraulic Press

Consider & specially designed container as shown in Fig. 6.14. In this
container there are two cylinders joined by means of a pipe. The cross-sectional
area of the smaller eylinder is A, F.
and that of the larger one is A, l
The cylinders are filled with some 'ﬂ

=
A,

incomprassible liquid.

Suppose that the small piston is
pressed down by applying a
force F, The pressure P =F,/ A,
produced by small piston is
transmitted equally to the large -

piston, hmﬂﬁ*’

Peran
| eres

Due to this pressure P, aforce £, | =
will act on A, which s given by
F.=PA,
Putting the value of P, £

'FE = TA'! reranem n:n.i:,:ﬁ-,-:n {515-]

]

Since Ay » A, therefore, F2 = F. The result indicates that a small force
applied on the smaller piston, FES«!{HIE into a large force on the larger piston. Such
a system is known as force multiplier.

A hydraulic press works on this principle. Cotton bale or any other object
to be compressed is p*rqgéd over the larger piston. A force F; is applied on the
smaller piston. The prassure P produced by smaller piston is transmitted equally
to the larger piston. A much greater
force F. acts an it This force lifts the
larger piston-and compresses the
cotton bale. !

This principle is also used at J_H

Fig. 6.14

service stations to lift cars for
washing {Fig. 6.15).

Example 6.4 Fig. 6.15

The diameters of the pistons of ‘a hydraulic press are 5 cm and 25 cm
respectively. A normal force of 160 Nis applied on the smaller piston, what will be




the pressure exerted by this force on the bigger piston? How much weight can be
lifted by the other piston?

Solution
Let the areas of cross-sections of the pistons be 4, and A, and their radii be
ryand rrespectively.

Putting the values of r, -Tcm 25%10°m r,= Tcm-m.ﬁx 10° m

A =1e] and A =mr’
Force on the smaller piston F1 = 160 N. Its pressure on the piston is
f= =; J
t
If the weight lifted by the b ger pl:;t-:rn is w;, then am:r:-r‘dlng m*r.he Pascal's law.
o e
A1 B - N .
W =F1-’Ll||z=-F'|'|'['l"2E =F|KF'=-': -
ﬂl" A'I nr:ll r 2.

; S

Putting the values,
~1ﬁun:{125x1n*m}*fﬂ5xm m)* = 4000 N = 4 kN
So, we can |t 4000 N weight byapplging a force of 160 N on smaller piston.

Hydraulic Brakes O\

The brakes nfsurneuhlﬂes
work on Pascal's law, Insu:htype
of brakes, cyfinders with ].‘l:stnrm are
attached to the wheels. The brake
pedal is attached to a master
cylinder having smaller area of
cross-section. Master cylinder s
connected to all the larger
cylinders attached to the wheel
through pipes as shown in
Fig. 6.16. Oil is filled in this system.
When pedal is pushed down, the
piston applies pressure on the
ligquid in the master cylinder. The

liguid pressure is transmitted Fig. 6.16 Hydraullc brake systom
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equally to all the larger pistons of cther cylinders. This pressure causes these
pistons to move outward pressing the brake pads towards brake discs or brake
drums. Force of friction between the pads and discs or drums slows down the
vehicle. When pressure is released from the pedal, the springs pull back the brake
pads and wheels again turn freely.

Activity 6.6 Plunger

foflow the instructions given below.

wil,

mieving out
The teacher should facilitate the groups to W

Fill & syringe with water and insert its nozze
into a thin plasic tube.

Press the syringe to fill the tube with water.
Half fill the second syringe with water and

insert its nozzle tothe other end of the tube. Ny
Press one plungerin through some distance, - 1
Is the second plunger pushed out through the .

k LW&E{

same distance? ;
Is the pressure transmitted to the second  f
plunger by the liquid?

What is your inference? Q(:,I

Pla_:stt-: tu_h-ga-

« Elasticity is the n!'l’.'rper’cj of salids by which they come back to their ariginal
ﬂumwhn.ﬂqﬁmmfurﬂmmtnact

. Nﬁ\uﬁﬂuﬂaﬂm limit of & halical spring, the extension or compression in it is
dre:ﬂyprnmitnthe applied force. This is known as Hooke's law.

= Densityis defined a3 mass per unitvalume,

* Prossure is the force that acts normally on unit area of a surface. its 51 unit is
pascal = 1 Nm?,

» Atrmospheric pressure is the force exerted by the atmesphere acting on unit 2rea
afthe Eath's surface.

« Atmospheric pressure s measured by the column of mercury which the
armaspheric pressure can support.

« If pressure is exerted on a liquid, the liguid transmits it equally in all directions.
This i known as Pascal’s [aw,



EXERCISE

A Multiple Choice Questions
Tick {v") the correct answer.

6.1. Awireis stretched by a weight w. If the diameter of the wire is reduced to
half of its previous value, the extension will become:
{a) onehalf (b} double
{c} one fourth fd) fourtimes
6.2, Four wires of the same material are stretched by the same load, Their
dirnensions are given below, Which of them will elongate most?
(@) Length1m,diameter Tmm (b} Length2m, diameter2 mm
{¢) Length3m, diameter3mm  {d) Length4 m, diameterd.5 mm
6.3. Twometal plates of area 2 and 3 square metres are placedin a liquid at the
same depth. The ratio of pressures on the two platesis:
(@) 1:1 b2 /3
{c) 2:3 (d) 4:9
6.4, Thepressure at any point in aliquidis p:rppprtmmJ .
{a) density of the liquid
(b} depth of the point below the mrface of t."re liqquic
{c} acceleration dueto gmwty
id) all of the abowve
6.5, Pressureappliedtoan em:lnﬁd fluid is:
{a) increased and apphgd‘-tn every part ofthe fluid
{b) diminished and transmitted to the walls of container
(c) increased in propertional to the mass of fluid and then transmitted to
each part of thefluid
{d) transmitted ‘unchanged to every portion of the fluid and walls of
cuntalniﬁ‘g vessel
6.6 The pﬂ_'mt:iple of a hydraulic pressis based om:
{a) Hooke's law
(B} Pascal's law
{c) Principle of conservation of energy
{d) Principle of conservation of momentum
6.7. Whenaspring is compressed, what form of energy does it possess?
(a) Kinetic (b) Potential {c} Internal (d) Heat
6.8, What is the force exerted by the atmosphere on a rectangular block
surface of length 50 cm and breadth 40 cm? The atmospheric pressure is
T00 kPa.

{a) 20kN (b) TOOKN (c) 200kN  (d) 5C0kN
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B Short Answer Questions

6.1.  Why heavyanimals like an elephant have a large area of the foot?

6.2,  Whyanimals like deer who run fast have a small area of the foot?

6.3. Whyisit painful towalk bare footed on pebbles?

6.4. State Pascal's law. Give an application of Pascal's law.

6.5. Statewhatdoyou mean byelasticity of a solid,

6.6. Whatis Hooke's law? Does an object rernain elastic beyond elastic limit?
Give reason.

6.7. Distinguish between force and pressure,

6.8. What is the relationship between liguid pressure and the depth of the
liquid?

6.9. What is the basic principle to measure the atmuspr;eﬁt presswE by a
simple mercury barometer?

6,10, State the basic principle used in the hy::lrauﬁ'& bral:e system of the
automobiles.

€ Constructed Response Questions |

6.1. A spring having spring constant i"nangs vertically from a fixed point. A
load of weight L, when hung ‘Frni‘n the spring, causes an extension x, the
elastic limit of the spring is nm?.-xmeded
Some identical springs, aac"h ‘with spring constant k, are arranged as
shown below:

Foreach arrangement, mmp!ete the table by determining:
{i) thetotal extermdmn terms of x.
(i) the 5pnng cum"tantm terms of .

.Amng-mqu Total Extension x

Spring constant (k) of
the arrangement |




6.2. Springsare made of steel instead of iron. Why?

6.3. Which ofthe following material is more elastic?
(2) lronorrubber  (b) Air or water

6.4. How does water pressure one metre below the surface of a8 swimming
pool compare to water pressure one metre below the surface of a very
large and deep lake?

6.5. Whatwill happentothe pressure in all parts of a confined liquid if pressure
Is increased in one part? Give an example from your daily life where such
principle is applied.

6.6. If some air remains trapped within the top of the mercury.column of the
barometer which is supposed to be vacuum, how vmlﬂ:ﬂ it affect the
height of themercury column?

6.7. How does the iong neck
is not a problem to a
giraffe while raising its
neck suddenly?

6.8, Theend of glass tub&’uﬂd ina s:rnp-ia barﬂmeter is nl::t prupedr ﬂﬂled
some leakls pras:ariLwhatmll be its effect?

6.9. Comment oh the statement *Density is a property of a material not the
property of anobject made of that material.”

6.10. How theldad of alarge structure Is estimated by an engineer?

D Compichensive Questions

6.1. Whatis Hooke's law? Give three applications of thislaw.

6.2. Describe the working and applications of a simple mercury barometer
and amanometer.

6.3. Describe Pascal’s Law. State its applications with examples.

6.4. Onwhat factors the pressure of a liguid in a container depend? How is it
determined?

6.5. Explain that atmosphere exerts pressure. What are its applications? Give
at least three examples.



E Mumerical Problems

6.1  Aspring isstretched 20 mm by a load of 40 N. Calculate the value of spring
constant. If an object causes an extension of 16 mm, what will be its

weight?
EENm 22 N)
6.2 Themassof 5litres of milk is 4.5 kg. Find its density in 51 units,
(0.9 10" kg m?)

6.3 When asolid of mass 60 g is lowered into a measuring cylinder, the level
of water rises from 40 cm’ to 44 em?. Caleulate the density of the solid,
{15 x 10" kg m™)
6.4  Ablockof density 8x 10" kg m™ has a volume 60 cm Fmﬂ‘ﬁs Mmass,
A (048 kg)
65 A brick measures 5 cm x 10 cm x 20 cm. Ifits mass is 5 kg, calculate the
maximum and minimum pressure htuth the brick can exert on
horizontal surface. ;
R (1 % 10° Pa, 25 = 107 Pa)
6.6 Whatwill be the height of the ﬁ:durrm in barometer at sea level if mercury
is replaced by water of d_m_slty 1000 kg m°, where density of mercury is
13.6= 10" kgm”
(10,3 m)

6.7 Supposeinthe h;.i'drauh-:: brake system of a car, the force exerted normally
on its piston-of cross-sectional area of 5§ cm? is 500 N. What will be the
pressureﬂn‘éferred to the brake oil? What will be the force on the second
piston ui":area of cross-section 20 em’?

[10x10°Nm 2000 N)
6.8 Find the water pressure on a deep-sea diver at a depth of 10 m, where the
density of sea wateris 1030 kg m™,

{(1.03 x 10° N m?)
6.9  The area of cross-section of the small and large pistons of 2 hydraulic
press is respectively 10 om® and 100 em®. What force should be exerted on

the small piston in order to |ift a car of weight 4000 N7
(400 N)
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6.10 In a hot air ballocn, the following data was recorded. Draw a graph

6.11

6.12

between the altitude and pressure and find out:
{a) What would the air oressure have been at sea level?
{b) Atwhat height the air pressure would have been 50 kFa?

Altitude Pressure
{m} (kPa)
150 99.5
500 95.7
809 24
1140 889
1300 87.2 (a)-1.07 x 10° Pa
1500 85.3 H{E} 1.02 km

If the pressure in & hydraulic press is increased h;an addutinnal 10N em™,
how much extra load will the output platforn: sum:mrut'rts Cross- mctmnal
areais50em’?

‘“x ' (500 N}

The force exerted normally onthe hydraulic brake system of a car, with its
piston of cross sectional area’5 em’is 500 N. What will be the:
(a) pressure transferredto the brake oil?
b) forceonthe bﬂk&ﬁﬂm of area of cross section 20 em®?
[fa) 1.0 = 10° N m?, (b) 2000 NJ]




Thermal Properties

of Matter

Student Ln.rr'lln:g' e

After completing this chapter, students will be able to:

Describe, qualitatively, the particle
structure of sofids, iquids and gasses
linciuding and relating their properties to
the forces and distances between
particles and to the motion of the
partickes (atoms, molecules, ions and
electrons)]. '

Dezcribe plasma as a fourth state of
matter [In which a significant portion of
the material s made wp of lons or

slectrons e.g. instars, neon lights and lightning %
Describe the refationship between the motion of particles and temperature fincluding the

idea that there is a lowes! possible te ~273°C), known as absokite zero,
whera the particles have least kinetic e

=rate that anincrease in thetemper. anabject increases its intermnal energy

Explain, with examples, how a property which varies with temperature may be
Justify the need for 'fquﬁt: In the calibration of thermometers [including what Is
meant by the ice point am point ]

astrate what is my E the sensitivity, range and linearity of thermometars.
Differantiate the structure and function of liquid-in-glass and of thermocouple
thermom

Discuss how the structure of a liquid in-glass thermometer affects its sensitivity, range and
Anearity

Heat or thermal energy has always been the necessity of human beings,

animals and plants in this world. Without heat, their existence would not have
been possible. In the beginning, the Sun was the only source of light and heat.
With the discovery of fire, a new era was started, The uses of heat produced from
fire were increased day by day and contriputed greatly to the comforts and
facilities for the human being. Initially, the hot and cold objects were sensed by
touching which was not a good standard to measure the degree of hotness ofan



object. 50, man evolved different methods to measure it. After the invention of
standard measuring devices, the lemperature was also incduded in the list of
basic physical quantities like mass, length and time.

This chapter begins with the introduction of kinetic molecular theory of
particles of matter. It is due to the fact that temperature and heat or internal
energy are associated with the motion of particles in the matter.

7.1 Kinetic Molecular Theory of Matter

According to this theory, matter is composed of very small particles cafled
maolecules which are always in motion. Their motion may be vibrational,
rotational or finear. There existe a mutual force of attraction between the
molecules known as intermolecular force. This force depends qurithe distance
between the molecules. It decreases with increasing distance batiween thern,

The molecules possess kinetic energy dueto mnhmind pntent:al energy
due to force of attraction. When a substance is heated, ﬁk‘tem perature rises and
its molecular motion becomes more vigorous whichrincCreases the kinetic energy
of the molecules. Thus, the temperature nf___tﬁ_'&‘ substance depends upon the
average kinetic energy of its molecules. In general, matter exists in three states
solids, liguids and gases as shown in Fig._l,‘l.. /

:.'-_ .-'. "i. -
. ® e
® =
T gy s
YsSe® @ @
Fig. 7.1

Most of the: pgmpertms of solids, liquids and gases

can be explained on the basis of kinetic molecular theory of |||
matter. In case of solids, the intermolecular forces are so “;‘.J ':j \;1)1
strong that they keep the molecules bound. 5o, the|,
molecules are held at fixed positions but still they show| J *wJ J
vibrational metion about their fixed points (Fig. 7.2). This is
why, the solids have a definite shape and a definite volume. '\__,,“ J] \..)

In case of liquids, intermolecular force is so weak that
it cannot hold the molecules at fixed positions and the - 12
maolecules can slide over each other in random directions. A liguid, therefore,
possesses a definite volume but has no definite shape. Due to flow of the
molecules, itacquires the shape of the containing vessel,

Gas maolecules are relatively far away from one and ancther. Due to which,
gas neither posseses a definite volume nor a definite shape.
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The plasma is a gas in which most of the atoms (,/-"'"'___""‘"\..‘_II

are ionized containing positive ions and electrons

{(Fig. 7.3-a). They are freely moving in the volume of the \..“.“-—-—-“Té,)
gas. Due to presence of positive lons and free electrons, : @ =
plasma is the conducting state of matter. It allows 'ﬁ .@L

electric current to pass through it Since the gas in T W
plasma state has properties which are quite different w
from ordinary gas, therefore, plasmaisknownasfourth  go 7305 Plasma
state of matter, The Sun and the most of other stars are in plasma state. Plasma is
also found in plasma TV and in gas discharge tubes (Fig. 7.3-b) when electric
currént passes through them, The plasma state also occurs during the early
stages of lightning formation known as lightning suﬂmers which are the
conducting paths through the atmosphere due to ionized airmolecules,

Fig. 7.3(b)Ges dischargs tube

7.2 Temperature and Heat

When we touch ice, we feel cold. When we dip| ® e cubes

our fingersin warmwatﬂg wefeel hot, Thus, by sense of
touch we can tell which of the bodies is colder or hotter,
A hotter body is said to be at higher temperature as
compared to acolder body. .
Temperatura of a body Is defined as degree | '
of its hotness or coldness. o1
Itis our common experience that whenwe heata ™
body, its temperature rises. Process of heating provides -
heat or thermal energy to the body which is the cause ‘Warm watet
of the rise in temperature. Fig. 7.4
The following activity will help to define temperature,
The teacher should arrange hot water in some tea cups, thermameters and metal spoons.
Make groups of the students. Each group will put the spoon in the hot water and stirit. Ask
thisrn whiat do they fistl, Does the other end of the spoon also become hot?




Do they cbhservethat the spoon also gets hotter? it means heat ks being transferred from the
hiet water 1o the spoon because the temperature of the water was higher than that of the
spoeT.
Thus )
Temperature can be defined as a physical quantity which
determines the direction of flow of thermal energy.
This means that thermal energy is transferred from one object to another
due to temperature difference of the two bodies. Therefore, we can define heat

as follows:
Hegt is the energy which is transferred from one object to another due to
difference of temperature between the two bodies. :
!

Temperature and Internal Energy £

We know that matter is composed -
of molecules which are always in
metion. Molecules of a solid are
vibrating about their fixed positions.
The molecules of a liquid are sliding §
one over the other and those of gases
are randomly moving. The rmle::ulps . ; P,
possess kinetic energy on account-of Fig. 7.5 The internal energy of air
their motion. Potential energy is. also inside a hot-air balloon increases as
associated with molecules he;.‘.l,me of  thetemperatureincreases,
theiratiractiveforces.

The 5l.g@?kheﬂc-and potential energies of the
mol object is called its internal energy.

When w&hhata substance, its molecular motion becomes more vigorous
which means-an increase in its internal energy. As a result, temperature of the
substance rises. The heat energy transferred to a body increases the intemnal
energy of its molecules due to which its temperature rises.

Remember that, it is not true to say that a substance contains heat. The
substance contains internal energy. The word heat is used only when referring to
the energy actually in transit from hot to cold body.

Our sense of touch can tell us whether an object is hot or cold. It gives an
idea about the object's temperature but we cannot measure the actual



temperature of the body just by touching it. For the exact measurement of the
hotness of a substance, we require an instrument called a thermometer.
Thermometers use some property of a substance, which changes
appreciably with the change of temperature.
Basic Thermometric Properties
Some basic thermometric properties for a material suitable to construct
8 thermometer are the following:
Itis a good conductor of heat.
It gives quick response to temperature changes.
It has uniform thermal expansion.
ithashighboiling pﬂi nt. sl
It has low freezing point. o
It has large expansivity (low specific heat -:apaut}r}
itdoes not wet glass, \ b
itdoes not vapourize.
Itisvisible.

Liquid-in-Glass Thermometer

We know that liquids expand on heating. En. expansion in the volume of a
liquid can be used for the mmummuﬂf of temperature, This is known as
liquid-in-glass thermometer. One si.r::h liquid which is commonly used in
thermometers is mercury. Figure 7. Bshows a mercury thermometer. It Is made of
glass. it has a bulb at one end ﬁlh‘d with mercury.

Capillary tobe’

10080 i A LI

here Lnearsv::ille

-f"ﬂl -I'-' 'II'-I "-Z '-" '-4-'-"‘-' "-E'T-."rh
_; [ M'E-EIEH.I‘Ed temperature & 38°C Glats stem
\ Fig. 7.6

'I.h'h.»ﬁ‘the tern;:eramre rises, the mercury expands and moves up through
the narrow capillary tube in the form of a mercury thread. As shown in Fig. 7.6, the
position of the end of thread reads the temperature. Mercury is opaque and can
be easily seen due to its silvery colour. Alcohol is also a choice for the
thermometric liguid, but it must be coloured to make it visible,

Point to Ponder! Brain Teasar!
Could we make mercury (@ Why the walls of the
thermometer if exparsion thermameter bulbare thin?
of glass would have been (o} Why the inner bore must be
greaterthan mercury? marrow?
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Temperature Scales

For the measurement of temperature, a
scale is to be constructed which requires two
reference temperatures called two fixed points.
One is the steam point slightly above the
boiling of water at standard atmospheric
pressure. This coresponds to upper fixed point
of the scale. The second fixed point is the
melting point of pure ice or simply ice point. Itis
called the lower fixed point. Different scales of
temperature have been constructed by
assigning different numerical values to these
fixed points. Three different scalesars:

i} Celsius or centigrade scale
il  Fahrenheitscale
(i) Kelvinscale

N
In Celsius or centigrade scale, the ~

numerical values assigned to lower and upper
fixed points are 0 and 100, As the difference
between these values is 100, so-the space
between these peints is divided into 100 equal
parts. Each partis knownas 1°C. )

In Fahrenheit scale, the lower fixed point

is labelled as 32 and Gpper as 212. As the 3
difference between these two numbers is 180, 3

so in this scale the space between these points
is divided into-180 equal parts. Each part is
known as 1°F, Celsius and Fahrenheit scales are
generally usedin ordinary life.

There is a third scale of temperature
known as Kelvin scale or Absolute temperature
scale. It is used in scientific measurements. In
Kelvin scale, the lower and upper fixed points
are labelled as 273 and 373, As the difference
between these valuesis 100, so the widthof TK
is the same as that of 1°C. The zero point of this
scale is the temperature at which the molecules
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The pressure of a givei mass of gas
increases with temperafure, So,
pressure of & gas is also a
tharmometric property which is used
in gas thermometers. The resictance
of a gven length of wire also
depends upon temperature. [
increases with the increase in
temperature. 5o, the resistance of a
wire Is also a thermometric
substance and is‘téed In platinum

=
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100 divisions
e
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Comparison of

throe scales of ternperature
Fig. 7.7




of a substance cease to move, Their average kinetic energy becomes zero. This is
known as absolute zero. 115 value is -273.15 *C. For calculations, itis simply taken
as -273 °C. Absolute zero is the lowest possible temperature ever to be in the
Whﬂh.! universe, The matter does not exist below absolute zero temperature,

wersion of Temperature from One Scale to Another

if the temperature of a body is T, on Celsius scale, T, on Fahrenheit scale
and 7, on Kelvin scale, then these readings are related by the following formulae:

{1} Conversion of Celsius (centigrade) to

Fahrenheit scale:
A LT N
(i} Conversion of Fanrenheit to "{L“f'j -
Celsius scale: . el =
5 insida the Sun ) _{;-‘I-‘:n &
T=20-38 .. (7.2) LY =+ £
mw
{iii} Relationship between Kelvin and A = w
Celsius scales: Stellat nebutan — 0
g poli of lnsn
=T 23 oy JQurmem  — R ow
Example 7.1 E % S s —2 w
How much 30°C ternpemture e ey 2 — oS
would be on Fahrenheit apd Rl T T M — ¥ W -1k
scales? _ o
Solution ' ) b ol —— 1001 i

Lowust tempersture obtalned for “Ha,

Temperature T. = 30°C

; ] . Lewegat temperature far Lo
Uﬂng ]'r = -E % TE + 322 electrons in a mwtal — o
=2 % 30°C+ 32°=86°F 5]
r*
Using T,=T.+273 e T i
=30°C + 273 = 303K "M Bk
Thermocouple Thermometer

This type of thermometer consists of two wires of different materials such




as copper and iron, Their ends are joined together to LEA I TIITETEEITT
form two junctions. If the two junctions are at different '“';'“"'“"' glectrc carrentis
temperatures, a small current flows across them, This 2 L=rmemetric prapery

inathermooouple
current is due to the potertial difference produced P
gcross the two junctions as the two wires Thermocouple
have different resistance to the fiow of | Hot Metal A "nl'::rltagu

current. The greater is the difference of JH"E'ﬂD EJ‘I::
temperatures, the greater is the potential

difference or voltage produced across “m' ;. f:uld junction
the junctions, if one end of the junction is

kept at a fixed lower temperature, say by placing it in an u:e__h:_rd'l at 0°C for
reference, the temperature of other junction at a higher temperature can be
mieasured using a millivolt meter by a calibrated scale on it;lﬁ@:‘?‘.ﬂ}.

This type of thermometer is particularly useful forvery high temperatures
and also rapidly changing temperature as thers g unly a small mass of metal
(the junction) to heatup,

1.4 Sensitivity, Range and I.meariry of Thermometers

A thermometer is evaluated by”ﬂ: three key characteristics that are
sensitivity, range and linearity. They help determine the suitability of the
thermometer for specific use ensu'rm-g accurate and reliable measurement of
temperature,

Sensitivity

Sensitivity ofa ijﬁﬂﬂmter refers to its ability to detect small changes in
the termnperature of an object. For example, the minimurm division on the scale of
a thermometeris 17C. The accuracy of its temperature measurement will be 1°C.
On another thermometer the marks are 0.1°C apart. Hence, its accuracy will be
up to 0.1°C and said to be more sensitive. its measurement will be more precise
than the measurement by a thermometer with an accuracyof 1°C.

N

This refers to the span of temperature, from low to high, over which the
thermometer can measure accurately. For example, a clinical thermometer
designed for human body temperature has a narrow or short range, say from
315°Ctod5°C. Along-range thermometer is usually used for science experiments
in the laboratory with markings from =10°C to 110°C. The choice of liquid for




thermometers put a lower and upper limit for the range of a thermometer, For
example, Mercury freezes at -39°C and boils at 357°C. Hence, we can construct
mercury in glass thermometers within this range. The marking scale depends on
desired range of measurement. For extremely low temperatures, alcohol is used.
Alcohol has a much lower freezing point about -112°C which increases its lower
lirnit for the range but it has lower upper limit as it boils at 78 °C.

Linearity

This refers to a direct propartional relationship between the temperature
and scale reading across entire range of measurement. A good linear
thermometer should measure equal increments on the scale carresponding to
equal change in the temperature. It means that marking on th-e 'Ef_'ﬂlﬁ should be
evenly spaced over the whole range. High linearity means more consistent and
proportional scale readings over the entire rang& tﬁ ensure accuracy of
measurement.

7.5 Structure of a Liquid-in-Glass Thermumeter

A liguid-in-glass thermometer has-a narrow and uniform capillary tube
having a small bulb filled with mercury gr‘a'i-sa?l'uulat"tti lower end. The thinwall of
the glass bulb allows quick conduction ihmulgh glass to the liquid from a hot
object whose temperature is to be measured. Mercury being metal is a good
conductor and hence responds quickly to the change in temperature, The small
amount of liquid also responds more quickly to a change in temperature. The
quick response makes the/device sensitive. Use of mercury is quite sensitive for
normal measy rllan'beﬂts;i For greater accuracy, alcohol can be used as its
expansivity Is six times more than mercury but it has range limitation to higher
temperature rrmi’suﬁamerrts due to its low boiling point (78°C).

The unlﬁ:nhnity of the narrow tube or bore ensures even expansion of the
liquid required to make the linear measuring scale, The choice of mercury allows
to use it over a long-range temperature due to its low freezing point and high
boiling point. It provides a fairly long range of measurement of temperature.

Hulievtrs fw Scale, usualy in 1° divisions Finie-bare,
lass wall bt can read to €.1°C on very unifgrm
ling, fine-bore tubes evacuated tube
Fig. 7.9 Lebelled diagram of a laboratory thermomater
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KEY POINTS

= According to kinetic molecular theory of matter, the matter is composed of molecules
which are in moticn. The molecules possess a mutual force of atiraction. The molecules
have kinetlc energy due to thelr motion and potential energy due to the force of
attraction.

*  Plasma consists of ionized atoms of & gas containing equal amount of positve and
negative charges,

* Temperature is the degree of hotness or coldness of & body and it determines the
direction of flow of heat when two bodies are brought in thermal contact.

®  Heat is the form of energy which is transferred from one body to the other due to the
difference in temperature.

= Abody does not contain heat. i contsing internal anergy which i Ih!ﬂw;i'l cf kinetic and
potentizi enercy of the tofal makecules of an object O 3

*  Temperature is the degree of hotness of an object. A:mr:irjé ﬁ'mhﬂrﬂ'rewuf
matter, ﬂlsanmrenfthemrageldneﬂ:mwﬂﬂwmqlﬂtﬂ of anobject.

- Thunnnutumadavluusﬁdtnmuﬂmﬂumnwraﬂﬁtxﬂﬁmdy
* Conversion of temperature from one scale to the gthe
(a) Refationship between Kefvin (T,) and Celsi 5 t\':inpardum T uT.+273
{b) Relationship bebtween Celsius -[T:l.- ) Cknawn as centigrade to Fahrenheit
temperatura (T} e
1= -thﬂ' + 32
) Halaﬂanmlphemaenﬂhrrurhplm}mceﬁlmru T, [1,-32)

= Thermocouple thermometer & based on the flow of electric :un-mt between two
Junctions of two wires :;Tﬁﬁ’arent raterlals due to difference of temperatures at the
Junctions -,'f_a-

EXERCISE

Tick {-?“jﬂ:lm correct answer.
7.1. How dothe moleculesina solid behave?

(a] Move randomly
(b) Vibrate about their mean positions
(c) Rotate and vibrate randomly at their own positions
{d} Move in a straight fine from hot to cold ends.

7.2. Whattype of motion is of the moleculesin a gas?
{a) Linear motion (b} Random maoticn
{c} Vibratory motion (d} Rotatory motion
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7.3

7.4,

.5,

1.6.

1.7

1.8,

7.8.

7.10.

Tl11l

Temperature of a substance is:

{a) the total amount of heat contained in it

{b) the total number of molecules in it

{c) degree of hotness or coldness

{d) dependent upon the intermolecular distance

Heat is the:

{a) total kinetic energy of the molecules

{b) the internal energy

{c) work done by the molecules

{d) the energy in transit

In Keivin scale, the temperature corresponding to rrmltingpbmtnhta is:
{a) zero {b) 32 (¢} =273 (d) +233

The temperature which has the same value on Egﬁ'mk and Fahreniheit
scale is: A4

{a) ~40 (b) +40 {c) +45 . {d} —45
Which one is a better choice for a liquid- m—glaas therrometer?
{a) Is colourless {b}iSafhad conductor

(c) Expand linearly d) Wets glass

One disadvantage of using alcoholina liquid-in-glass thermometer;
{a) it has large expansivity h “(b) it has low freezing point {-112°C}

{c)itwetsthe glasstube ' (d) its expansion is linear
Water is not used asa _thef'fhﬁ'brnerric liquid mainly due to:

(a) colourless —~ (b) a bad conductor of heat
{c) non-linear expansion (d) a low boiling point (100°C)

Athesmometer has a narrow capillary tube so that t:
{a) quickly responds to temperature changes

(b) can. maﬂﬂ':e maximum temperature

{c) gives a large change for a given temperature rise
{d) can measure a farge range of temperature
Which thermometer is most suitable for recording rapidly varying
temperature?

{a) Thermocouple therrmometer

() Mercury-in-glass laboratory thermometer

(c) Alcohol-in-glass thermometer

(d) Mercury-in-glass dinical thermometer




B Short Answer Questions

71

T.2.

7.3
TA.
7.5.
7.6.
T.7.

1.8
7.8,
7.10.
711
7.2,
7.13.
7.4,

7.15.

Why solids have a fixed volume and shape according to particle theory of
matter?

What are the reasons that gases have neither a fixed volume nor a fixed
shape?

Compare the spacing of molecules in the solid, liquid and gaseous state.
Whatis the effectof raising the temperature of a liquid?

Whatis meant by temperature of a body?

Define heat as 'energy intransit’.

What is meant by thermometric property of a substanpu’v' Enlist some
thermometric properties. asi

State the main scales used for the measurement of tammramre.

Whatis meant by sensitivity of athermometer? "~

What do you mean by the linearity of a thermomater?

What makes the scale reading of a thermometer accurate?

What does determine the direction of heat flow?

Distinguish between the heatand internal energy.

When you touch a cold surfa:ce,@d@;-:nld travel from the surface to your
hand or does energy travel fram your hand to cold surface?

Can you feel your fever I:q.rtﬂii'ldiling your own forehead? Explain,

TI1 #

lei

7.3

74,

7.5

T"ﬁl
T‘I ?‘I

Is kinetic mnhcu[af the:-ry of matter applicable to the plasma state of
matter? Demfb&hrreﬂy
Whyis marcu;r usually preferred to aicohol as a thermometric liquid?
Why r&waIEi' not suitable for use in thermometers? Without calculations,
guess “what is equivalent temperature of 373 K on Celsius and Fahrenheit
scales?
Mention two ways in which the design of a liguid-in-glass thermometer
may be altered toincrease its sensitivity.
One litre of water is heated by a stove and its temperature rises by 2°C.if
two litres of water is heated on the same siove for the same time, what will
be then risein temperature?
Why are there no negative numbers on the Kelvin scale?
Comment on the statement “A thermometer measures its own
temperature.”
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7.8,

7.10.

7.11.
T‘I"zl
7.13.

There are various objects made of cotton, wood, plastic, metals, etc. In a
wirter night, compare their temperatures with the air temperature by
touching thermn with your hand.

Which is greater: an increase in temperature 1°Corone 1°F?

Why would not you expect all the molecules in a gas to have the same
speed?

Doesit make sense to talk about the temperature of a vacuum?
Commenton the statement: "A hot hﬂd}{ doesnot contain heat”,

Discuss whether the Sun is matter,

D Comprehensive Questions

7.1

Describe the main paints of particle theory of matter whlth differentiate
solids, liquids and gases. -

What is temperature? How is it measured?, Ei-!scribe briefly the
constructionof a mercury-in-glass thermometer.

Compare the three scales used for measuring temperature.

What is meant by sensitive, range andﬂ'i'nfal‘lt}f of thermometers? Explain
with examples,

Explain, how the parameters mentmn&d in question 7.4 are improved in
the structure of liquid- m-glass:tl:bemmnﬂter

E Numerical Problems &g )

7.1

The temperature of a ormal human body on Fahrenheit scale is 98.6°F.
Convert it inta Eehiu?'si'ﬁcale and Kelvin scale,

{(37°C, 310 K}
At what tenqurahre Celsius and Fahrenheit thermometer reading would
bethe same? (- 407
Eunuert 59F 1o Celsius and Kelvin scale. {-15°C, 258 K)
Whatis equwalenttemperaWreﬁf 25°C on Fahrenheit and Kelvin scales?
(77°F, 298 K)

The ice and steam points on an ungraduated thermometar are found to
be 192 mm apart. What temperature will be on Celsius scale if the length
of mercury thread is at 67.2 mm above theice point mark?

35°C)
The length between the fixed point of liguid-in-glass thermometeris
20 cm. lfthe mercury level is 4.5 cm above the lower mark, what is the
temperature on the Fahrenheitscale? {72.5°F)




~ Kead Magnetism /

Student Learning Outcomes
After completing thic chapter, students will be able te:

=« [Describe the forces between o
magnetic peles and between \
magnets and magnetic materials
lncluding the use of the terms
north pobe {N pole), south pole (5
pole}, attraction and repulsion,
magnetised and unmagnetised]

s Dascribe induced magnatism

* Differentiate betwesn temporarny
and parmanant magnets

= Describe magnietic fields [as a region inwhichan {r@: pole experiences aforce]

. Mﬁatﬂeﬁmﬂi'mufmmagnetrcﬁeld{_‘jﬁintﬁmedufemnnﬂmhmeﬂnﬁre
N pofe of a magnet at that point

* Stats that the mlmmvlgﬂ:nfa@mncﬁald is represented by the spacing of the
magnetic field lines '\

=  Describe uses of permanent r@&amﬂ electromagnets

= Ewplain qualtatively in MQ:&EMH domain theory of magnetism how materials can be
magnetised and derﬁﬁetke [stroking method, heating, orienting in north-south
direction and striking, use of asolencid]

* Differentiate’ b ween farromagnetic, paramagnetic and diamagnetic materials [y
making it to the domain theory of magnetism and the effects of external
magnetic fields onthese matarials]

* Analyse applications of magnets in recording technology [and iflustrate how electronic
devices need to be kept safe from strong magnetic fields]

= Sate thatl soff magnetic materials {such as scft ron) can be used to provide shiglding

“from magnetic fields

Almost all of us are familiar with a magnet because of its interesting
properties. In lower classes, we have studied some of the properties, You might
have also enjoyed a magnet attracting small piecesof iron.



8.1 Magnetic Materials

Magnetism is a force that acts at & distance upon magnetic materials.
These materials are attracted to magnets. These materials are called magnetic
materials. Let us perform an activity to test such materials.

Activity 1

The teacher should divide the students into
groups. and provide them permanent magnets to
perform this activity. 1 ! :

Each group should collect some Rems made g 4
of differant materials such as copper wire, nickel ring, = /’/
glass boitle, paper clips, dn nad, eraser, wooden
ruler, plastic comb, etc. Place them an a table as shown _
in figure. Bring the permanent magnet close to each L
item one by one and observe which items are 5;“-:_)
atiracted by the magnel and which are nol. Make 2 lit of and non magnetic
miaterials, )

Matedals such as iron, nickel and cobalt will bu.atlmatad by the magnet. They ane
magnetic materials, The materials such as brass, mp'l:gﬁ:a“md, glass and plastic are not
attracted by the magnet. They are called non-magnitic materials,

We will discussdifferent types nf__;r_nateﬁais ir detail later in this chapter.

Cwer 1000 years ago, the Erﬂki dlicé;}md 8 rock called lodestone or
magnetite that could attract contained iron. Alse, if suspended
from a string to rotate freely. it w always settle in north-south direction.
Thizs unique property led tute'rﬁ‘t‘he basis of compass which was (ater on
wsed for navigation on Im&_@d‘ﬂm

Activity 2
Tha tﬂm:}lﬂd facilitate each group to perform = #\
tl‘uia::‘tmtya:pﬁ"’l’r'ﬁh'u:mns. s B o
1, Plage some ron filings scattered on the -, o -:"'F_‘-'f"-'-.-'. *-“:--___J_ ‘“-.Hij-".' e ot
top of a card paper o a sheat of glass, el e R () Iron filings
2. Move a magnet Deneath the card paper, ey e il attracted
glass ar & plastic sheet as shown in the i E by magnet
Rgure. {a) Scattered Iron

3. Whatdo youobsarve? Deccibebriefly, Tngs 0n & glats sheet

You must have seen the iron filings following the movement of the
magnet. Magnetic force accounts for these movements. This activity
also shows that magnets can attract objects containing iron, etc. even if
they are not in direct contact with them.



The property of attracting magnetic materials by the magnets has been
discussed above, The magnets also exhibit the following properties.

1. Magnetic Poles Narth

if a bar magnet is suspended st

horizontally through a string and allowed to
come to rest, it will point in north-south
direction, The end of the magnet that points
north is called the north magnetic pole (N)
and rhe end that points south is the south =S
magnetic pole {5) as shown in Fig. 8.1,

2. Attraction and Repulsion of Magnetic pul@@

When two freely suspended bar magnets aré, B ‘h
placed close to each other, the two north poles will ~§~ ‘? nr

3

. 1 Fig. B4

repel each other (Fig. 8.2). 5o will the twﬁﬁﬂﬂﬂ'l “tig 8.2

poles{Fig.8.3). ‘ : e
However, if the north pole of ﬂim is placed “J-il’ ‘ﬁi f&

near the south pole of the other.- t‘HE poles will )

attract (Fig. 8.4 & Fig. B.5). We,car say that Like i :

poles repel and unlike poles attract. .—._‘ ‘J! _’:?é

3. Identification of a Magnet FE:; .

To identify ﬂhﬂ&f an object is a magnet or =
simply a magnetic material, we can bring its one end & ‘ Ii" 1; ]’A
close to any pale of a suspended bar magnet. If it is ™ K ]
attracted, then we can conclude that the end of the o e
object is either of opposite pole to that of the
suspended magnet or it is simply a magnetic material. Then we should bring the
same end of the object close to the other end of the suspended magnet. If the
object is again attracted, it is not a magnet but itis a magnetic material.
if it is repelled by the other end of the suspended magnet, then the ohjectis a
magnet,

The repulsion between the like polesis
a real test to identify a magnet.



4. Is Isolated Magnetic Pole Possible?

if we break a bar magnet intc two equal
pleces, can we get N-pole and s-pole separately? LML)
No, it is not possible. Each piece will have its two v —
poles, i.e, N-pole and $-pole. Even if a magnet is mm
divided into thousands pieces, each piece will be a Fig. 8.6
complete magnet with its N, and S-poles (Fig.B.6).

8.3 Induced Magnetism

Magnetic material such as iron or steel can be made a magnet. This is

known as magnetization. In other words, we can say that magnetismhas induced
in it. You can perform an activity to observe this fact. *-

Activity 3

5

2

The teacher should faciEtate sach graup to perform this perinstructions.

Take a magnetic compass. Put it on a table and see end of its needie points north,
The N-pole of theneedle is usually coloured red.

Place a bar magnet on the table. Bring the ta its N-pole. In which direction
dees the N-pole of the needle stay? .

Put hmnwmﬂmﬁ\é\mﬂﬁhﬂmnﬂ. Inwhich direction does the N-pole
of the neadle stay this .

Mow place an iron mlﬁm head incontactwith any pole of the bar magnet.
i

Putthe compass near to the ﬂmnt&dﬁﬂ of an iron nail. Obsense the direction in which
N-pole of the needle setfles. Has the nail become a magnet? Has magnetism been
induced in if?

Take the bar magnet away from the nail. Again check the behaviour of the nail by bringing
cormpirss nast o its ends. Does the magnetism vanish?

From the above activity, we conclude that the 5-pole of the true magnet incheces N-pole.
in the near end of the piece of iren {nall) white the far end of the ron plece becomes
5-pole asshown in the figure,

It should be noted that the induced magnetism vanishes as the true magnet (s
removed.
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8.4 Temporary and Permanent Magnets

Temporary magnets are the magnets that work in the presence of a
magnetic fiekd of permanent magnets. Once the magnetic field vanishes, they
lose their magnetic properties. You have learnt something about a magnetic field
in lower classes. Inthis chapter, we will study it in detail.

Usually, soft iron is used to make temporary magnets. Paper clips, office
pins and iron nails can easily be made temporary magnets. Electromagnets are
also good examples of temporary magnets. You have already learnt different
uses of electromagnets,

Permanent magnets retain their magnetic properties forever. These are
either found in nature or artificially made by placing objects made of steel and
some special alloys in a strong magnetic field for a sufficient time. There are
many types of permanent magnetic materials. For examplaf cobalt, alnico and

ferrite.
Activity 4 .

The teacher should facifitate the p; {f: :
pfavid&m:barnmgnﬂaﬂwwlthd&gap n
small nails made of iran and akso some ml. Ha
showld further supervise them to pelfunﬁ activity as
perinstructions.

1. ﬂunpthaharmagnathuﬂam@nnﬂumni
2. -~ Touchithe head of an mm}iﬁmmd of the

magnet. it will heattrar:tﬁﬁ'ni stick to the magnet.
Touch another iran pallfté the lower end of the first
oné, does itstick it?
Yes, it will, the upper nall has become a
magnet [tself:Ge on hanging iron nail one by one to
make B until no more nails stay attached to the
chain,
3. Try to hang steal neils at the other end of the bar
magretto farm asmiler chain,
Remorve thechaln efiron nails by pulling the topmost nail. Does the chain coliapse?
Rernove the chain of steel nalls in the ssme way. Does this collapse?
You will abserve that the chain of iron nads Immediately collapses but the steel nads
remain attached to each other for some tme. This shows that the magnetism induced in
thefron nails is temporany while that in the steel nails is permanent.

W



8.5 Magnetic Fields

When a magnet attracts & certain magnetic
material, it exerts some force to do so. Similarly, when it
attracts or repels a magnetic pole of another magnet; it :
exerts a force on it. This force can be observed uptoa
certain distance from the magnet that can be explained 7
by the concept of magnetic field around the magnet. R

A magnetic field is the region around a magnet where
an other magnetic object experiences a force on it

The pattern of a magnetic field around a bar E‘sll“}
magnetcan be seen very easily by a simple experiment. Hﬂ "D

If iron filings are sprinkled on a thin glass p_l_ate"p}aced over a bar magnet,
the filings become tiny magnets through magnqtic‘Tnductinn. Now if the glass
surface is gently tapped, the filings form a patféhi. This pattem is known as the
magnetic field pattern {Fig.B.7}. This pattern, can be better shown by lines that
correspond to the path of the ﬁlmg-s, T‘hese lines are called magnetic lines of
force,

Magnetic lines of Force

The magnetic lines ﬂfﬁ!}cé around

a bar magnet can be t[[ﬂ}'ﬂ'l by using a
small compass. The needle of the compass
will move along thagm,ag netic lines of force.
Figure. 8.8 shows the magnetic lines of
force around a Bar magnet drawn by this
method. The compass needle is
symbolized by an arrow being the north

pole (Fig. 8.9).
The magnetic field at a point has both
a magnitude and a direction.

The direction of the magnetic field at any point in space
ig the direction indicated by the N-pole of a magnetic
compass needle placed at that point.

y "'\.




Figure. B.8 also shows that the field lines appear to originate from the

north pole and end on the south pole. Actually, the magnetic field extends in
space all around the magnet but the figure shows the field in one plane only.

Strength of the Magnetic Field

The strength of the magnetic field iz proportional to the number of

magnetic lines of ferce passing threugh unit area placed perpendicular to the
lines, Thus, the magnetic field is stronger in regions where the field lines are
relatively close together and weaker where these are far apart. For example in
Fig. 8.10, the lines are closest together near north and south poles indicating that
the strength of the magnetic field is stronger in these regmnswﬁwa}r from the
poles, the magnetic field becomes weaker,

Fig. 8.10 {Fglan Fig. B.12
In case the two magnets are placed close to each other, their combined

magnetic field can also be drarwnh}il.fsing the compass needle. Figure. 8.10 and
Fig. 8.11 show the patterns of the combined magnetic field of two magnets
lying with different r::nEn‘Eatlﬁns In Fig. 8.11, point 'x’ is called a neutral point
because the field due toone magnet cancels out that due to the other magnet.

Figure, 8.12 represents the field pattern of a horse-shoe magnet. The field =
almost uniform between the poles except near the edges.

8.6 Uses of Permanent Magnets

o o

There are many uses of permanent magnets such as:

They are the essential parts of D.C motors, A.C and D.C electric generators.
Permanent magnets are used in the moving coil loud-speakers.

These are very commaonly used in door catchers,

Magnetic strips are fitted to the doors of refrigerators and freezers to
keep the door closed tighthy.

They are commonly used to separate iron objects from different mixtures.
FHourmills use permanent magnets to rernove iron nails, etc. from the

grains before grinding.
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6. In the medical fiald, they are used to remove iron splinters from the eyes.
1. A piece of permanent magnet is used to reset the jron pointer in a
maximum and minimum thermometer.

Applications of Permanent Magnets
Let us see, how some of the following devices use permanent magnets.

A.C Generator Slip rings
When a coil is rotated between the ms
poles of a permanent magnet, the 2
magnetic field through the coil changes Casben __ p 1
and an emf is induced between the ends of ®™ ) e

the coil (Fig.8.13). On conrecting these

ends to an external circuit, an alternating [ - L.F"

cumrent (A.C) flows through the circuit. Sl 8

Electric motor is the reverse process of '{‘\ -r'i: ¥
electric generator. When an ACis madeto

pass through the coil between the poles of -~ | Coil rotated by

a permanent magnet, it startsrotating. - mechanical mesns

Moving Coil Loudspeaker

A voice coil attached to the cone of
the speaker is slipped over one pole (M) of
the radial permanent magnet as shown in
Fig. 8.14. From a micrephane or some other
scund signals in the.form of varying (A.Q)
current passes through the voice coll that is
inserted in the gap of permanent magnet.
This A.C irnteracts with the magnetic field to
generate a varying force that pushes and
puils on the voice coil and the attached
cone. The cone vibrates back and forth to
produce sound in the air,

8.7 Electromagnets

Electromagnets are also 2 kind of temporary magnets. The following
activity will show how electromagnets can be made and tested.




Activity 5

The teacher should divide the students into groups and facilitate them
to performthis activity.

Take a battery of two cells, a Thread Nall
switch, an iron nail, cotton {or Coil
pastic covered opper wie, thread - < LLLLLLL ;;;;:.
and a few paperclips.

Wind the wire owver the iron
nail to form a coil. Suspend the coil |
by means of thread tied to its centre. ! Gtk Bgttmy__t_
Connect ends of the wire to the = < b .
battery through the switch asshown =~ T LS T
inthe figure. ff“

Keeping the switch OFF, bring some paperclipsnear to one end of the
nail. Do they stick to the nail? Now tum the sv,rilﬁl ON and again bring the
paper clips near to the end of the nail. Do thejrﬂicl: this time? Does the nail
behave like amagnet? Yes, the nail has be¢omie a magnet. Turm the switch OFF
and see what happens to the clips, Dﬁﬂﬁjﬂall down? What do you conclude
from this activity? AN
An iron nail or a rod becames a magnet when an electric current
passes through a coil of wire around it. It is called an electromagnet.

When an electric furrent passes through the coil of wire, magnetic field is
produced insice the coil that magnetizes the iron nail. As we have observed that
the magnetic properties of an electromagnet are temporary, therefore, iron
cbject remains.a magnet as long as the electric current passes through the coil.
When the currént is stopped, it no longer remains a magnet.

If we increase the number of cells in the battery or increase the number of
turns of the coil, we will observe that the strength of the magnetic field in each
case increases. This will be indicated by the more number of dlips held by the nail
inthese cases.

Uses of Electromagnets

Electromagnets are used in electric bell, telephone receiver, simple
magnetic relay, circuit breaker, reed switches, cranes, tape recorder, maglev
trains and many other devices. Functions of some of them are described below:



Magnetic Relay

This is a type of switch which works with an electromagnet. [t is an input
circuit which works with a low current for safety purpose. When itis turned ON it
activates another circuit which works with a high current.

The input circuit supplies a small current to electromagnet. It attracts the
iron armature which is pivoted. The other end of the armature moves up and
pushes the metal contacts to join together which turn the high current-circuit
ON (Fig.B.15).

Springy metal
Ta high Insulator contracts
currant cinouit . Pivot.

""H.."' 3
g & g mma Y - Iron armature
Electroma T
Eow current ﬂ 'I:hﬂl g
Ui Fig, 8.15 :
fnput crcuit ig W core
Circuit Breaker

A circuit breaker is designed ta pﬁtsaceﬂam maximum current through it
safely. If the current becomes excessive, it switches OFF the circuit. Thus, electric
appliances are protected from burnan As shown in Fig.8.16, inside a circuit
breaker, the current flows ahﬁg ‘& copper strip, through the iron armature and
coil of the ele:lrnmagnet. Th&electmmagnet attracts the armature. f the current
is large enough, the armﬁrure is detached from the copper strip and the circuit

breaks, - Strrp Amnature Pivot Spring
[XiZi
contacts
L,
y
il '
arownd i
Iron: core Plastic
— frame
—
Fig. 8.16
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Telephone Receiver E|m,.mgm

There is an iron diaphragm in the o .0 g
receiver under which an electromagnet is . \ “
placed (Fig.8.17). The microphone of the 8 asl -
telephone handset on the other side sends TR | }
varying electric current in accordance with the LA oy
sound signals. When the varying current
passes 'I:I"l?'ﬂugh the coil of rﬂcriwnegr on this \\ ﬂ:ﬁrﬂﬁ
cide, it causes variation in the force of Fig. 8.17

electromagnet. As a result, the diaphragm over it moves ba::k and forth to
produce sound.

nfarmation J
A wonderful  use  of
electromagnels can be seen In the
Maglev trains. The maglev standsfora
magnetically levitated train. A maglev
uses forces that arise from induced ;
magnetism to levitate or float a few %\
centimetres above the guideway. That X ‘
is why, t does not need wheels and w Fesil

faces n friction. In Japan, its knownas | -
ahuHHWnﬂm:anmuptﬂaspga =
of £00 km per hour, Lvitasicn
As described above, n@&: Sackmrmsgm
levitative only lifts the train-and does ia) Guidewsy
nob move it forward. To Erain
farward, propulsion magnets are installed along the guideway and train. The push
and pull nfﬂﬂ:L \ rrivis tha frain forwand,

Electromagnetic Cranes

Huge electromagnets are used in
cranes at scrapyards, steel works and on
ships. These are so powerful that they can
lift iron and steel objects such as cars as
shiown in Fig.8.18. After moving the heavy
objects to the required position, the
objects are released by just switching OFF
the current of theelectromagnet.

i



8.8 Domain Theory of Magnetism
It is observed that the magnetic R
field of & bar magnet is like the field \é\n_ﬁéj/

produced by a solenoid {long coil of wire)

carrying current (Fig. 8.19-a & bj. It /‘F wﬁ\

suggests that all magnetic effects are due

to moving charges. In case of solenoid, Fig. 8.19(e) J
charges are moving in the wire. The r "F—— f = &~
maotion responsible for the magnetismin a H:.___——ﬁzzl___,d__d“; &
magnet is due to electrons within the /"_ W _H-k"‘n
atoms of the material. .l. 'lﬁ.ﬂr&nt

We know that an electron is a Fig. 8.19(b)

charged particle. Also, each electron in an ator is revoling about the nuclaus
and at the same time, it is spinning about an axis through it. The rotation and spin
both give rise to 8 magnetic field. Since there are many electrons in an atom, their
rotations and spins may be so oriented ta. strengthen the magnetic effects
mutually or to cancel the effects of one apethier, If an atom has some resultant
magnetic field, it behaves like a tiny magn_ét,-ﬁ is called a magnetic dipole,

Paramagnetic Materials
if the orbital and spin axes of the electrons in an atom are so oriented that
their fields support one anaothier and the atom behaves like a tiny magnet, the

materials with such aturns are called paramagnetic materials, such as aluminium
and lithium.

DimmmnﬂQWIs

Magnetic fields produced by both orbital and spin motions of the
electrons in an atom may add up to zero. In this case, the atom has no resultant
field. The materials with such atoms are called diamagnetic materials. Some of
their examples are copper, bismuth, water, etc.

Ferromagnetic Materials

There are some solid substances such as iron, steel, nickel, cobalt, etc. in
which cancellation of any type does not occur for large groups of neighbouring
atoms of the order of 10" because they have electron spins that are naturally
aligned parallel to each other. These are known as ferromagnetic materials.
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The group of atoms in this type of material form a region of about 0.1 mm
size that is highly magnetized. This region is called a magnetic domain. Each
domain behaves as a small magnet with its own north and south pules

Alignment of Domains

The domains in a ferromagnetic material are | | ]
randomly oriented as shown in Fig.8.20 (a). The magnetic §_ _ 2
fields of the domains cancel each other so the material
does not display any magnetism. However, an «F
unmagnetized piece of iron can be magnetized by
placing it in an extemnal magnetic field provided by a | S8 T
permanent magnet or an electrormagnet. ' ";_ = “;f‘;‘qu,'
The external magnetic field penetrates the i) Fig. B20(b)
unmagnetized iron and induces magnetism in it by ::au:'-:ﬂ-jg:twu effects on the
domains. Those domains whose magnetism is parailel or nearly parallel to the
external magnetic field grow in size at the expense of other domains that are not
oriented. In addition, the magnetic alignment 6f the other domains rotates and
become oriented in the direction of the external field (Fig.8.20-b). As a result, the
iron is magnetized and behaves like a margnet having its own north and south

poles. 4
; : ’ For Your information]
main rer.ﬁa ity oriented on ;
in soft iron, the domains areigas d The magnetism induced In 2

applying an external field and return to random o = - i
position when the field is rempwved. This is desirable in g ﬁﬂﬂw large in the
an electromagnet and alsn in transformers. On the presence of wesk extemal
other hand, steel is not'so easily oriented to change field In some cases, induced
order. It requires very strong external field, but once field s a thousand times
. 5 L i, " . -stronger than the extemal
oriented, retains the alignment. That is why, steel is 5.5 i . bigh fiid
used to make permanent magnets. slectramagnets are made
In non-ferromagnetic materials, such as byusing cores of softiran of
aluminium and copper, the formation of magnetic 5“”:@“”“ feromagnetic
domains does not accur, s magnetism cannot be i
induced into these substances,

8.9 Magnetisation and Demagnetisation

There are two methods used for magnetising a steel bar:
1.  Stroking

in this method, magnetism is induced in a steel bar by using the magnetic
field of a permanent magnet. The steel bar can be stroked in two ways:
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(&} Single-Touch Method
A steel baris placed on a2 honzontal surface, tis
stroked from one end to the other several times
in the same direction using the same pole (say
N} of the permanent magnet. Every time the
magnet is lifted up sufficiently high on reaching
the other end of the bar (Fig. 8.21).
() Double-Touch Method

In this method, stroking is done from the
centre of the steel bar onwards with the unlike
poles of two permanent magnets at the same
time (Fig. 8.22). This method is more efficient
than the first one.
In both the cases, the poles produced at the ends
of magnetized steel bar after stroking are of the
opposite polarity to that of the stroking pole.

2. Making a Magnet using Solenoid

in this method, a steel bar tp be
magnetised is placed inside a solenoid I:iqng coil
of wire) as shown in Fig. 8.23. The solenocid
should have several hundred turns of insulated
copper wire. When direct. clirrent is passed

I'PPEFI'*"IEI"-'ETLI ]
y Miagnet

Fig. B.23

through the solenoid, thé-steel bar becomes a magnet. The polarity of the
magnetised steel bar IE- found by applying Right hand Grip rule which is

stated as!

anj:hé solenoid with the right hand such that fingers
are curled along the direction of current (positive to the
negative terminal of the battery) in the solenaid, then
the thumb points to the N-pole of the bar end.

Demagnetisation of Magnets
1. Heating

Thermal vibrations tend to disturb the order of the \

domain. Therefore, if we heat a magnet strongly, the magnat @ !
Fig. 8.24

loses its magnetismvery quickly (Fig. 8.24}.
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2.  Hammering

If we beat a magnet, the domains lose their
alignment and the magnet s demagnetised. It is also

called hammering {Fig. 8.25).

3. Alternating Current

When an altermating current (A.C) is flowing |

through a long solencid, a magnet moved out slowly 1

frominside of the solenoid is demagnetised (Fig. 8.26). = 2%

8.10 Applications of Magnets in Recording Tchnuingy

Electromagnets have widely used in

remrdingl-.ﬁ!:'hnnlngy of sound,

video and data in the form of electrical signals threlgh magnetization of a
magnetic material. Mast common magnetic re:ufdiﬁg'h'hediums are magnetic
tapes and disk recorders which are used not only to reproduce audio and video
signals but also to store computer data. These materials are usually coated with
iron oxide. Some other recardings mediums are magnetic drums, ferrite cores
and magnetic bubble memory. We will discuss the process of magnetic

recording on tapes and disks in some detail.
Magnetic Tape Recording,

Induced magnetism s used in the
process of magnetic-tape recording.
Recording and playing head is a coil of wire
wrapped al‘ﬂum:laﬂn iron core. The iron core
has a horse-shoe shape with a narmow gap In
between its two ends. Audio and video tapes
are synthetic tapes coated with a layer of
ferromagnetic material.

Sound or picture is converted into
electrical forms as varying currents. These
currents are sent to the head that becomes an
electromagnet with a N-pole at one end and

3 S-pole at the other end. The magnetic field
lines pass through the iron core and cross the
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gap. Some of the field lines in the gap curved outward as shown in Fig. B.27. The
curved part of the magnetic field called as fringe field penetrates magnetic
coating on the moving tape and induces magnetism in the coating. This induced
magnetism is retained when the tape leaves the vicinity of the recording head.
The reverse process changes the varying induced magnetism into varying
current that onward is converted into sound orpicture,

Hard Disk Recording

Hard disks are circular flat plates
made of aluminium, glass or plastic and
coated on both sides with iron oxide. Hard
disks can store terabyte of infarmation.

A magnetic head is a small
electromagnet which writes 2 binary digit
(1 or 0) by magnetising tiny spots on the
spinning disk in different directions and
reads digit by detecting the magnetisation
direction of spots (Fig. 8.28). The term hard ™ |
disk is also used to refer to the whole Eifaa' : Fig. 8.28
computer's internal datastorage.

Magnetic disk devices have anadvantage over tapes recorders, Adisk unit
has the ability to read or write a recording instantly while locating a desired
information on tape may take many minutes.

Electronic devices can be protected from strong magnetic effects by
enclosing them in the boXes made of soft iron, We will describe it in detail in the
niext section. !

Soft iron has high magnetic
permeability. The permeability is the ability
of a material to allow the magnetic flux or
lines of force through it when the material is
placed inside a magnetic field. When a piece
of soft iren is put into a magnetic field, it
generates a8 magnetic field due to
magnetisation.



If a sensitive magretic device is enclosed in a casing of soft iron, the
magnetic fiux gets established in the soft iron rather than the device, Thus, the
device is shielded from external magnetic field.

Figure B.29 can explain this phenomenon well. A soft iron casing (shell) is
placed inside a magnetic field produced by opposite poles of two bar magnets,
Since the magnetic permeability of the iron shell is higher than that of air, so the
magnetic flux is established in the soft iron, As a result, the device is protected
from the magnetic field, Usually, the casing is made with rounded corners to
facilitate the magnetic field line up easily.

Soft iron is generally used in the cores of transformers and
electromagnets because of its high permeability. In case of anrelectromagnet,
the core of soft iron can be easily magnetised when current is passed around it
and quickly lost when current is stopped. That is why, electramagnets are widely
used in electric bells, loud speakers, picking and releasing iron scraps by the
cranes and in many more appliances. The sensitivity of a moving coil
galvanometer is also increased by placing a soft iron core inside the coil,

KEY POINTS

=  Magnets can attract magnetic materials even (fthey are not In direct contact with them.

- A magret has twa poles; north puaemdsnuﬂi'pnhe Like poles repel and unlike poles
attracteach other,

= Toget an solated magnetsc polels mtgpﬂlibm.

» Temporary magnets work only in'the presence of a magnetic field, whereas permanent
magnets retain their magnetic properties forever,

« A magnetic field is the mga«nnﬂmun:l a magnet where 2 magnetic object experiences a
forceonit.

= A magnetic ﬁﬂ-idatapnjﬁfhas bath a magnitude and a direction.

= The strength of the, magnetic feld & propartional to the number of magnetic lines of
force passing tlj'il:u}ﬁh unit area placed perpendicularto the lines.

= Permanent: p‘nugmﬁ are used in clectric motors, clectric generators, moving coil
loudspeakars, separating iron objectsfrom different mixtures etc.

» - Electromagnets are tamporary magnets. They are used in eloctric bel's, magnetic relays,
dreuit breskers; telephone receivers, electromagnetic cranes, etc

« Thematedals inwhich fields due to orbital and spins mation of the electrons in the atoms
support each other are called paramagnetic materials,

= Thematenals in which fields due to arbital and spdn motions of the electrans inthe atoms
addup tozero are called diamagnetic materials.

« The matedals in which large groups of atoms of the erder of 10" have their electrons spin
raturaly afigned paraliel to each other are called ferromagretic materials. These groups
are calledmagretic domains,

« The external magnetic field penetrates the ferromagnetic materdal and aligns all the
domains to make it a magnet.

Ty



Steel bars are magnetised by stroking, single and double touch sliding with permanent
magnets ar keeping them in avery strong magnetic field inside 2 sclenoid thraugh which
large currentis passed.

Magnets can be demagnetised by heating, hitting or drawing through a solencid in which

ACcurrentis passad.

Electromagnets are widely used in recarding technology. Such recording mediums ane

audlofideo magnetic tapes, hard disks of computers and other data staring davices.

Saftiron is also used to protect sensitive magnetic device from extemnal magnetic fisids.

Tick {v') the correct answer.
8.1  Which one of the following is not a magnetic maﬁml”‘
(2} Cobalt (b} Iren 7
() Aluminium {dy Mickel |5
8.2 Magneticlinesofforce: e @5
a) are always directed in a straight line
{b) cross one another ¢ o
(c) enter into the north pole :
{d)enter into the south pole ]
8.3 Permanent magnets cannot h&nﬁe by:
(ajsoftiron (b)steel 0 (0 neodymium  (d)ainico
84 Permanent magnets areusedin:
(a) circuit breaker (b} loudspeaker
(c) electriccrane o {d) magnetic recording
8.5 Acommonmethiod used to magnetise a material is:
{a) stroking.
(B hitting
{c) heating
{d)placing inside a solenoid having A.C
8.6 A magretic compass is placed arcund 3 bar magnet at four points as

shown in figure below. Which diagram would indicate the correct
directions of the field?

& © @ ©
=l > e O e © G
© & & ©
(a) (o) {c} ()



8.7 A steel rod is magnetised by double touch stroking method. Which one
would be the correct polarity of the AB magnet?

(&} (b} {d} )]

B.8  The best material toprotect a device from external magnetic fleld is:
{a) wood {b) plastic {c) steel {d) softiron

B Short Answer Questions

8.1 Whataretemporary and permanent magnets?

B.2 Define magnetic field of a magnet, A

B3 Whatare magnetic lines of force? k)

B4 Namesome usesof permanent magnets anffblectmm&gnm

B.5 Whatare magnetic domains? it

8.6 Which type of magneticfield is fnrrnad'by a current-carrying long coil?
8.7 Differentiate between paramagneticand diamagnetic materials,

Constructed F

81 Two bar magnets are n—amd in a wooden box. Label s

the poles of the mggnéts and identify P and Q
objects.

8.2  Asteel bar has ‘mEe magnetised by placing it inside
a solencid such that end A of a bar becornes N-pole
and end Bfﬁ-emmes S-pole. Draw circuit diagram of

Ri—————————————— B
solentid shﬂwlng steel barinsideit. Sbodd bur

8.3 Two bar magnets are lying as shown in the figure. A compass is placed at
thve middle of the gap. Its needle settlesin the north-south direction. Label
N and S poles of the magnets. .ll.El'lf].I' your answer by drawing fields lines.




B.5

Electric current or motion of electrons produce magnetic field. |s the
reverse process true, that is the magnetic field gives rise to electric
current? If yes, give an example and describe it briefly.

Four similar solencids are placed in a circle

as shown in the figure. The magnitude of i
current in all of them should be the same.
Show by diagram, the direction of current in

each solenoid such that when current in m . ;
anyone solenoid is switched OFF, the net "4, © m
magnetic field at the centre O is directed S’

towards that solenoid, Explain your answer, % .

D Comprehensive Questions

8.1
8.2
B.3
8.4
B.5

How can you identify whether an ﬂhj.EE! is a m.agnet or & magnetic
material?

Describe the strength of a magnaﬂn: ﬂe-lti in termes of magnetic lines of
force, Explain it by drawing a fewdﬁgmms for the fields as examples,
Whatis a circuit breaker? DEﬂcdhE its working with the help of a diagram.
A magnet attracts only a magnet. Explain the statement.

Differentiate between paramagnetic, diamagnetic and ferromagnetic
materials with reference fo the domain theory.

Why ferromagnetic materials are suitable for making magnets?



| """ Nature of Science

Student Learning Outcomes

After completing this chapter, studants will be able to:

*  Describe physics as the study of matter, energy, space, time and their mutual connections
and interactions

=  Explain with examples that physics has many sub-felds, and in todey's world involaes
interdisciplinary fields, (Students should be able to distinguish in terms of the broad
subject matter that is studied between the fields:

Biophysics

Astronomy

Astrophysics

Cosmoiogy

Thermal Physics

Optics

Classical Mechanics :

Quantum Mechanics |:

Redativistic Mechanics '

Muclear Physics ‘

Particle Physics

Electromagnetism A

Acoustics 'l

Computational Plysies

Geophysics .

Climate Phsjes)

- Buplain withamples how Prysics is a subset of the Physical Sciences and of the natural
Sciences S

«  Brief with examples that sclepce |5 3 colliborative field that requires interdiscplinany
researchers working together to share knowledge and critique ideas

«  Understand the terms ‘hypothesis', "theory’ and Taw' in the context of research in the
physics

= Explain, with examiples in Physics, falsiflabllity as the idea that a theoryis scientific only iTi
mekes assertions that can be disproven

« Differertiate the terms 'science’, ‘technology' and 'engineaning” with sultable examples

e i o o B e o D o o o o o e



Science is 8 collective knowledge about the natural phenomene, processes and
events occurring around us. The process starts with asking a question, how and
why the things in the world behave as such. We try to look orderliness and
regularities among various phenomena apparently of diverse nature. Such study
of nature gave birth to a single discipline, known as Natural Philosophy now
known as science, There was a tremendous increase in the volume of scientific
knowledge at the beginning of nineteenth century. That made it necessary to
classify the study of nature basically into two main disciplines.
(i)  Thebiological sciences which deal with the living things.
{ii) The physical sciences which are about the study of non-living things.
Physics is an important and basic part of physical s:-:iem:es beside other
disciplines such as chemistry and geclogy.

9.1 Scope of Physics BaYou Know?

Physics is the fundamental science that deals.
with the constituents of the universe, that is, matier,
energy, space, time and their mutual relationships and
interactions. It strives to understand how-the universe
works, from the smallest subatomic particles to the
largest star and galawies. We have studied some of the
basic properties of matter, energy_ind their mutual This toy which worked by
inter-relationship in the earfier chapters of this book. steam was invented by
We will discuss in detail the coneept of space and time in 180, from Alexandria in
the higher classes. Briefly, the space is the three- m:r;mm;
dimensional extent i Wwhich all objects and events using such things for
occur. It provides framework to define pesitions and |usury and comfort in
muations of various nhjecbs under some force. those days.

The time measures the sequence and durations of events. It is considered
fourth dimension. For example, oscillating motion such as that of a swinging
pendulum relies on the time interval that determines frequency of oscillations.
Another example is the time dilation which is a phenomenon discussed by
special theary of relativity where time passes slowly for an observer moving at
ultra-high speed compared to one relatively at rest. Physics explores how these
fundamental concepts are inter-connected. For example, the theory of relativity
explains how space and time are not absolute quantities but are related to each
other. It describes the relationship between space and time and how they are
influenced by gravity and speed, for example, the bending of light around




massive objects like stars. Another branch of physics, the quantum mechanic,
explains the behaviour of particles at the atomic and subatomic levels, It is how
the physics has applied its principles to wide variety of phenomena, from
everyday occurrences such as related to motion and heat to the extreme
conditions foundin the universe.

9.2 Branches of Physics

Due to expanding scope of research in Physics, it is usually divided into
the following branches?

1. Mechanics: it is a study of motion and the
physical effects which influence motion. It Is
based on Newton's laws of motion and
gravitation and is often called classical mechanics,

Gears in a mechanical system

2. Heat and thermodynamics: It deal with the
thermal energy possessed by the materials and it is
used whenit flows from one body to another,

)

Heat engine

3. Amuijjua'_ It deals with the nature and
physical aspects of audible sound energy.

Pressure Born

4. Optics: It deal with the physical aspects of
wisible light.

Dispartion of light



5. Electromagmetism: It is the study of

electromagnetic phenomenon and mutual .
relationship between electric current and B .

magnetc field.

Elactre currant g |:‘:-r|:‘}|:!|.-|'|=l|‘.| Ima
coll rotated in'a magnetic field

6. Quantum Mechanics: it explains the
behaviour of particles at the atemic and ;
subatomic level, -/ .

_1‘ ‘
2N

Excited states of atom
7. Relativistic Mechanics: It explains how
space and fime arenot absolute guantities but
related to observer. It describes the relationship
between them and how they are influenced by
gravity and speed.

Einztelin view of gravity
a5 space ime curvature

8. Nuclear Physics: It is the study of the
properties of nuclei of the atoms:

Mutlear atom

9. Particle Physics: It is the study of
subatomic particles and elementary particles
which are basic building blocks of matter.

10. Astronomy: It is study of
distribution of celestial bodies like
planets, stars and galaxies.




11. Cosmology: It explores the
large structure and evolution of the
Uriverse,

4

12.  Solid State Physics: It is the study of | ™. o “e
some specific properties of matter insolid | & &

form. Electrical bonding of sollids

9.43 Interdisciplinary Nature of Physics §

it refers to integration and interaction of Physics with various other fields
of study. Physics, being fundamental science, prowvides essential principles,
techniques and methods that are applicable across a wide range of disciplines.

& % &
Study of sxploring unhrerss
-

Some of these are; A
-~ =l
1. Biophysics: Some biological systems and gl

processes are described using_.th-ﬂ principles and ,;::*‘
technique of physics under this field of study. Examples ==

include the mechanics of biological structures, physical S
properties of cells, tissues and organs. g"f"’ DNA

2.  Medical Physics: |t applies physical
principles to develap techniques and technologies
for health diaghasis and treatment. The examples |
include imaging techniques, such as X-rays; ultra |
sound, MRI and CT scan and also radiation therapy
forcancer treatment.

Magnetic Hﬁﬂﬁm Irmﬁlg

3. Astrophysics: It deals with the
physical properties and processes of celestial
bodies and phenomena. For example, the
interaction between the matter and energy in
space to understand the universe as a whole.

Study of celestial bodies



4. Geophysics: It applies physical principles
to the study of internal structure of the Earth, its
magnetic and gravitational fields, seismic activity
{earthgquake), volcanoes, etc.

Internal structure of the Earth

B Climate Physics: It includes the study of
physical processes in the environment, including ©
atmospheric dynamics, climate change and
weather conditions.

6. _Computation Physics: Itis about
the'Use of computational techniques and

- methods to solve complex physical

Compauter graphics _problems.
9.4 Interdisciplinary Research

Collaboration and inlEFdisciplinary nature of science is essential for
addressing the mmplexiﬂues and challenges of today. By working together and
sharing knowledge, scientists can achieve more significant breakthrough and
contribute to a deeper understanding of the natural and physical world around
us. It allows us to contribute to advance in technology, healthcare,
environmental issues and many other areas. We need collaborated efforts
because:

(I}  Solution of complexissues requires multifacet expertise

Many challenging issues, such as climate change, disease prevention and
treatment, sustainable energy solution are of diverse nature. it is difficult for one
discipline to address them adequately. Such as understanding and mitigating
climate change require knowledge for meteorology, oceanography, physics,
chemistry, biological and environmental sciences, Similarly, the health care
issues such as recent Covid epidemic involved combined efforts of expertise



from biology, chemistry, physics, medical technologies and data science to
combat this challenge.
(ii). Interdisciplinary approaches foster innovation

Combined different perspectives and methodologies evolve innovation
or out of box solutions. This approach can lead to novel insight and
breakthroughs that might not emerge working in isolation, For example, nano-
technelogy is a blend of physics, chemistry, material science and engineering to
create materials and devices at the nano-scale with unigue applications in
medical, energy and electronics. In an other field of "artificial intefligence” the
development involves computer science, mathematical logic, neuroscience, etc.
The eollaboration across these fields enhanced the devela:pmentqf intelligence
systems and their applications.
(iii). Rapid sharing of knowledge and information amﬂu glabe

Sharing and collaboration of knowledge across the globe brings rapid
advances in scence. The online internet infﬂrmaﬁﬁn'mhanges, conferences
and workshops provide platforms bringing together researchers from different
fields to share their fresh findings, diié'uss‘iun and brainstorming new
approaches. Collaborated research pm_ga::ta and research journals are also
means of collaborate research,

Interdisciplinary research m’i@i"mllabnratiﬂn- lead to a more holistic
understanding of challenging issues by interacting with different perspectives
such as that of enuimnment_mﬁ-ipace exploration.

9.5 Scientific Method

Scientific method is a systematic approach used to search for truth of an
issue and problem solving regarding natural and physical world. It is based on
the following steps:

1. identify or recognize an issue or a problem.

2. Gather information through observations of its various aspects.

3. Propose an explanation or a guess work known as hypothesis.

4, Perform experiment or collect evidences to test the hypothesis.

5. Record, organize and analyze gathered data, plotting and interpreting
graphs to reach at a conclusion which is called a thecry.

6. Repeated tests of the theory to wide range of similar issues then lead
towards the formulation of a law.

Some key steps are elaborated here:



1. Observation

The first step in scientific method is
to make observations of natural processes
and to collect the data about them. This
may be done either by ordinary
cbservations or by obtaining the results
from different expariments. For example, it
is our common observation that shadow of
an opague object is formed when It is
placed in the path of light coming from the
Sunor alamp (Fig.9.1).

2. Hypothesis

On the basis of the data collected th[ﬂugh observations or
experimentation, we can develop a hypothesis, Thls i5 'done in order to test its
logical results ie, it is assumed that nature will-act in a particular way under
certain specific circumstances. From the ‘above example, we assume that
shadows of opaque objects are formed when they come in the path of light
because light travels inastraight line..,

3. Experiment _C

Experiment is an nrganized repeatable process which is used to test the
truth ofa hypothesis. e n

To verify the aﬁummmn made in the above example, four cardboards,
each with a hole, are placed in a straight line, such that the hole in 1" card is in
front of a torch, W]wn we see through the hole in cards, we can see the light of
the torch {F‘g;&ﬁal If any of these cards is displaced, we cannot see light
pass&ng thmu“g'h (Fig. 9.2-b). Thus, this experiment praves that light travels in a

= Yy aty

Fig. 9.2 (a)

E@hhh\

Fig- 9.2 (b}




4.Theory

Olmervation
After the successful venfication |
of an assumption and with the help of I
careful experimentation, it becomes a Hypothesis
theory and is applicable to similar T
phenomena. With the help of the
Experiment
Megative
result

above expenment, the assumptionhas  yaek of
been proved that light travels in a agreement |
straight line. So, it then becomes a

Theory
theory.
itis a logical explanation of the b
causes and effects of an issue or an Prediction
eventthat occursin nature. e s | -
result
|

After the careful analysis of a fhiéur].f, we can make predictions about
certain unknown aspects of nature:To verify the prediction, experiments are
designed to test the theory over.and over again. If test result do niot agree,

hypothesis is changed or rejected.

6. Falsifiability | For Your Informationt

It is a concept introcuced that suggests a theory
to be considered scientific if it alse make predictions |
that can be tested and potentially proven false. The &g
requirement of falsifiability ensures that theories are not ¥ the 20° century, Albert
based on vague, non-specific or untestable claims. It ¢ Gociared that
distinguishes scientific theories from false or pretended mass and eratgy, the

beliefs that cannot be experimentally tested. two concerns of Physics,
ara farms of each other.
His theary of relativity
altered man's views of
the universe.




7. Law

When a theory has been tested many times and generally accepted as
true, it is called a law. The law is such a statement regarding the behaviour of
nature which explains the observations and experiments of the past and can
predict about other aspects of nature, From the fact that light travels in astraight
line, we can predict that shadow of an opaque object, similar in shape, is formed
whenever it is placed in the path of light. For example, the shadow of 2 ball will be
round whereas the shadow of a rectangular block will be a rectangie. After
tasting the theory under different situations, this becames a law of science that
light travels in a straight line.

The theorles or laws of Physics are man-made ideas abm.rt the way the
things wark, They are liable to be disproved or modified with the future advances
in science which brings fresh facts and new |rﬁght-5 ﬂhuut the natural and

physical world.

9.6 Scientific Base of Technologies and Engineering

Science or to be more specific, Ph}lsrcs plays a vital role being the core of
each invention based on physical laws* and principles. Technology refers to the
methods and technigues developed. Ipy using scientific knowledge. It may be s
machine technology or a software programme of information technology. For
example, :

(i) Automobile tﬂtnnglugy is based on the principles of the
thermodynamics.:

(i} Radar ‘I:echnulﬂgr is based on the detection and reflection principles of
electromagnetic waves.

(i) Laser tﬂ:hqugy is based on the principles of atomic physics. It is widely
used “in medical diagnosis and treatment, metallurgy, industry,
telecommunicationand space exploration,

Engineering is the process of applying various technologies and scientific
principles to design various instruments, tools and build things that help to meet
specific needs in every walk of life. Engineers also consider factors like cost
effectiveness and safety measures when designing various products. Examples
include:

() A cwil engineer designs a bridge that can withstand streng winds,
earthquakes, intense weather conditions and heavy traffic.




(i} Asoftware engineerdesigns a userfriendly application of a smartphone.

{iiiy An aviation engineer looks for lighter material which can withstand
sudden and severe disturbances and extreme weather conditions during
thefiight of an aeroplane.

Though the science, technology and engineering fields seem distinct but
they often work together. Scientific discoveries lead to new technologies and
engineers rely on scientific knowledge for our bepefits and comforts. They are
the potent for change in the outlock of mankind in shaping life style and
influencing our way of thinking.

| KEY POINTS | b

= Science isacollective knowledge sbout the natural phewenaa‘-uwéﬂts

«  Physics is the fundamental branch of science which deals with miur enErgy, space, time
arsd their musual relationships.

« There are many sub fields of Physics called its brand'nes‘mﬂ'i"as miechanics, heat, optics,
electromagnetism, etc.

« Interdisciplinary nature of Physics refars to ﬂeﬁgﬂﬂﬁ and Interaction of Physics with
cther disciplines of science. Some of ﬂ'lrem are biophysics astrophysics, geophysics,
dimate physics and computational F"‘[ﬁl‘l:ﬂ'-‘

»  Scientific method is a specific and s',rsumm approach for the seanch of the truth about &
natural pheénomenon or event. Itfs_teﬂs includes; observation, hypothesis, experiment,
theary, predictionand law. ("

» The advancement in the -iphrn knowledge and s applications through wvarous
technologies and mgiqujmﬁ has changed the outiook of mankind and have made our
frves easier and comfortable

A Multiple Choice Questions

Tick {v') the correct answer.
9.1  Physicsisabranchof;
{a) social science (b} life scienca
{c) physical science {d) biological science
9.2  Which branch of science plays vital role in technology and engineering?
(a) Biology  (b) Chemistry {€) Geology (d) Physics



9.3

9.4

8.5

9.7

9.8

5.9

9.10.

9.11.

Automobile technology is based ore

{a) acoustics {b) electromiagnetism

(c) optics {d) thermodynamics

A user friendly software application of smart phone use:

{a) lasertechnology (b} information technology
{c} medical technology {d} electronic technology
Theworking of refrigeration and air conditioning involves:

(a) electromagnetism (b) mechanics

{c) climate science (d) thermodynamics
whiat s the ultimate truth of a scientific method? o

(a) Hypothesis (b) Experimentation

{c) Theary (dj Law .

The statement “If | do not study for this test, then | will not get good
grade” is an example of; 4

(a) theory : 5 Eb} observation

(c) prediction 0 (d)law

Which of the following are methods of investigation?

{a) Observation n {b) Experimentation

{c) Research A1 {d) All of these

Ahypothesis '

(a) may or may mtbe testable (b} is supported by evidence

(Cyisa pﬂ&ﬁihlﬂ answer to a questicn {d) all of these
Agraph af an organized data s an example of:

(a) collecting data (b) forming a hypothesis
{c) asking question {d) analyzing data

The colour of adoor is brown. It is an example of:

{a) observation (b} hypothesis

{c) prediction {d) law




9.1  Stateinyourownwords, what isscience? Write its hwo main groups.
5.2 WhatisPhysicsall about? Name some of its branches.

9.3  Whatis meant by interdisciplinary fields? Give a few examples.

9.4 Listthe mainsteps of scientific method.

9.5 Whatisa hypothesis? Give anexample,

9.6 Distinguish between atheoryand alaw of Physics,

9.7  Whatis the basis of lasertechnology?

9.8  Whatis falsifiability concept? How is timportant?

C Constructed Response Questions

9.1 Isthetheoryofscience an ultimate truth? Describe hneﬁy

9.2 Doyou think thatthe existing laws of nature may n-e&d:a change in future?
Describe briefly.

8.3  Describe three jobs that need the use ﬂfﬁﬂleﬂtlﬁsknnwledge.

9.4  Describe whena theory is rejected or negds its modification.

9.5 Commenton the statement. " A theary.capable of being proved right but
not being proved wrong s nntam&nﬂﬁc theory”.

9.6 What has been the general ré‘nctmn 1o new ideas about established
truths? -

8.7 ifahypothesis is not testable, % the hypothesis wrong? Explain,

9.8 Explain how a small ar{ﬁhﬁt of data cannot prove that a prediction is
always correct hut-:anpmw it is not always correct.

8.9 ‘Whatisthe relattﬁhsmp between an experiment and a hypothesis?

9.10 Describe why the solution of complex problems need interdisciplinary
I'EEEEH:h aﬂﬂmll&hurﬂmn

9.1  Whatare the main branches of Physics? State briefly.

9.2 Whatis meant by interdisciplinary fields of Physics? Give three examples.

9.3  Whatis scientific method? Describe its main steps with examples.

9.4 Differentiate the terms, science, technology and engineering with
examples.

9.5 Whatisthe scope of Physics in everyday life? Give some examples.
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Glossary

Acceleration: Rate of change of
velocity with time.

Accuracy: Relative measurement
reflected by the number of significant
figures.

Artificial Satellites: Objects moving in
fixed circular orbits around the Earth.
Base Quantity: Such quantity, which
can be expressed independently
without the reference of any other
guantity.

Base Units: The units in System
International, which are seven in
number.

Biofuel Energy: Energy obtained from:
waste organic materials. _
Centre of Gravity: The point of body
where its whole weight acts.
Centripetal Acceleration:
Acceleration  produced by
centripetal force.

Centripetal Farce: The force which
keeps an uhjéi;tfti: move in a circular
path.

Circular Motion: Motion of a body
along a circular path.

Components of a Vector: Such

vectors when added give the resultant
vector.

Couple: When two egual and unlike
paraliel forces act at different points of
a body, then they constitute a couple.

the

Density: Mass of unit volume of a
substance.

Derived Quantity: A quantity which is
expressed with reference to base
guantities.

Derived Units: Units which can be
derivad from base units.
Displacement: The shortest distance
between two points.

Dynamics: Study.of motion of bodies
under the action of forces.

Efficiency: Ratio of output and input.
Elastic Potential Energy: Energy of a
compressed or stretched spring.

Ehstl:itr The property of the solids

because of which they restore their
original shape when external force
ceases toact.

Electromagnet: A temmporary magnet
when electric current flows through a
coil wrapped around an iron rod.
Energy: Ability of abody to do work.
Equilibrium: A state of a body which
has no acceleration.

Force: The agent that changes or tends
to change the state of a body.

Fossll Fuels: Qil, gas and coai which
can be burnt.

Friction: The force that tends to

prevent the bodies from sliding owver
each other.



Geothermal Energy: Energy of the hot
rocks deep under the surface of the
Earth.

Gravitational Field: The region
around an cbject where its force of
gravity acts.

Gravitational Force: Mutual force of
attraction between the objects.
Gravitational Potential Energy:
Energy of body due to its position in
the gravitational field.

Heat: The form of energy, which is
transferred from ore place to another
because of difference of temperature.
Horizontal Component: The
component of a vector which is along
harizontal or x-direction.

Hydraulic Brakes: Brakes wurklng
according to Pascal's law.

Hydraulic Press: A press that works
under Pascal's law.

Hydroelectric Generation:
Conversion of kinetic energy of flowing
water into electrical enérgy.

Inertia: The characteristic of a body
due to which it resists against any
change inits state.

Internal Energy: Total energy of
molecules of an object.

joule: The unit of work in System
international.

Kilowatt-hour: Work done in one hour &t 3
rate of one kilowatt.
Kinematics: Study of motion of bodies

without taking Into consideration of the mass
and forces.

Kinetic Energy: Energy of 3 body due 1o its
rmotion.

Kinetic Frictlon: Friction during motion,

Least Count: The minimum measurement
recorded by an instrunsent.

Light Year: The unit of distance for celestial
beodies equal to .46 x10" m.

Like Parallel Forces: Forces acting along
parallef lines in the same direction,

Limiting Friction: The maximum value of
staticfriction. _

Line of Action of a Force: The straight line
atongwhich the force acts,

Linear Motion: Thenmﬁuir- of body along a
straight fine.

Mass: The Chamicteristics of a body, which
determines the scceleration produced by the
application of a farce.

Mechanics: The branch of Physlcs wilch deals
with the study of metion of bodies.

Magnet: IL attracts magnetic materials and

«| stays north-south direction when suspanded

franh.

Magnetic Compass: A direction indicating
device ysing a magnetic needle.

Magnetic Field: S5pace around a magnetic In
which force is exerted on anether magnat.
Momaentum: The product of mass and
velocty of amoving body.

Meutral Equilibrium: The condition of & body
in which its centre of gravity neither rises
nor lowers of its original position after
disturbance,

Orbital Speed: A critical speed of a satelliiein
orderto keep on moving arcund the Earthata
specific height.

Paraliel Forces: Forces acting along the
parallef lines.

Physical Quantities:

Measurable characteristics of objects.



Physics! That branch of Science, which
gxplaing the properties of matter, energy,
space and time,

Plasma: A state of matierin which most of the
atoms are ionized into positive ions and
glactrons.

Power: Rate of doing wark,

Precision: Determined by the Instrument
used equal to its least count.

Prefibc Symbol: added te a unit to write it by
powerof 10,

Pressure: Forge awerted normally on unit ares
etan object.

Random Motion: Motion without any
consideration of time and direction.
Perpendicular Componants: The
compeorents of a wector which are mutually
perpendicular to each other.

Resolution of a Vector: Division of a vector
Into [ts components.

Resultant Vector: Such a vector which shows,

the combined effect of bwa or more vectors.

Ralling Friction: The friction produced during:

the motien of one body aver the ather with
thehelp of wheels:

Scalar Quantities: CQuartites which can be
specified by their magnitudes only.

Scientific Method: Logical applications of
arguments  that _ explain @ a  certain
phenomenon. -~

Sclentific Notatlon: The number written as
power of ten of-prefix in which there is only
ene noen-rerodigit before decimal,
Significant Flgures: In a measursment, the
correctly known digits and the first doubtful
digit.

Sliding Friction: The friction between two
surfaces diding against each other.

Salar Energy: Energy ofthe sunlight.

Speed: Distance covered by a body in unit
time.

Stable Equilibriom: The condition of 3 body in

which it comes to s original condition =fter
baing disturbad.

Statkc Friction: The force of friction arising due
1o applied external force before motion of one
body over the other

Temperature: Degree of hotness or coldness
of a body.

Tension: The force acting alonga string
Thermometry: Art of measurement of
temperature,

Torgue: Froduct of force and its moment anm.
Triganometric Ratios: Thg;._mtini of the sides
of a right-angled triangle.

Unifoerm Acceleration: Equal changes in
veiodty In equal intervals of tme.

Uniform Epamk Equal distances covered by 2
body in egualintervals of ime.

Uniform) Velocity: Equal changes in
displecement in equal intenvals oftime.
Unitke Parallel Forces: Forces acting along
parzliel lines but in opposite directions,
Unstable Equilibrium: The conditionof a body
in which it does not come to its original
condition afterdisturbance,

Vectors Quantithes: Cuantities which can be
specified by magnitude as well as direction.
Velodty: Rate of change of displacement with
time.

Vertical Component: The component of a
vector which is along vertical or y-direction.
Vibratory Motion: The to and fro motion of a
body about a fixed point.

Volume Expansion: Increase involume,
Watt: The unit of power In System
International,

Wiekght: The force with which the Earth pulls a
body towards its centre,

Wind Energy: Kinetic energy of fast-moving
alrfwind,

Wark: The product of force and the
displacement in the direction of force,
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Representation of vectors
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Science
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